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(57) Abréegée/Abstract:

To provide a method whereby the amount of a phenolic compound such as polyphenol can be effectively/efficiently increased. The
present Invention provides a method for Increasing the amount of a phenolic compound In a plant, sald method being
characterized by comprising Irradiating the plant with ultraviolet light in such a manner that the irradiance of light within a
wavelength range of 270-290 nm attains 1500-50000 pmol/m? and the irradiance of light within a wavelength range of 310-400 nm
attains a level corresponding to less than 50% of the irradiance of light within the wavelength range of 2/0-290 nm, or a method for
producing a plant having an increased content of a phenolic compound.
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ABSTRACT

An object of the present invention is to provide a method that can
effectively /efficiently increase the amount of a phenolic compound such as a
polyphenol. The invention provides a method for increasing an amount of a
phenolic compound in a plant, or a method for producing a plant containing
an increased amount of a phenolic compound, the method comprising
irradiating the/a plant with ultraviolet light, wherein a fluence at wavelengths

of 270 to 290 nm is 1500 to 50000 umol/m?2 and a fluence at wavelengths of

310 to 400 nm is less than 50% of that at wavelengths of 270 to 290 nm.
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DESCRIPTION

METHOD FOR INCREASING AMOUNT OF PHENOLIC COMPOUND IN

PLANT

TECHNICAL FIELD

[0001]

The present invention relates to a method for increasing the amount of
a phenolic compound 1n a plant and a method for producing a plant having an

increased content of a phenolic compound.

BACKGROUND ART

(0002]

Phenolic compounds (such as polyphenols) in plants are found to have
various bioactivities such as antioxidant, antibactenal and blood pressure
elevation inhibitory activities, and therefore have been attracting increasing

attention with rising health consciousness.

Thus, techniques have been developed for increasing the amount of a
phenolic compound in a plant. Among them, there 1s a great interest in
techniques for increasing the amount of flavonoids in plants by irradiation
with ultraviolet light, because plants are believed to synthesize flavonoids
having a maximum absorption 1in the ultraviolet region so as to escape the
impacts of ultraviolet light 1in the sunlight.

(0003]

For example, Patent Document 1 pertains to a method for increasing
the content of a polyphenol in a “harvested” plant by irradiating it with
ultraviolet light at the specific wavelengths (of between 240 and 320 nm both

inclusive, or of between 300 and 400 nm both inclusive). Patent Document 1
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discloses that the appropriate ultraviolet fluence is between 0.5 and 50 J/cm?
(both inclusive) per day and that the wavelength(s) of ultraviolet light to be
irradiated to harvested plants should be selected in accordance with the
maximum absorption wavelength of a polyphenol of interest.

[0004]

Patent Document 2 pertains to a method for increasing the content(s)
of an ascorbic acid and/or polyphenols in a cultivated monocotyledon
(particularly, sprouted Welsh onion) by irradiating it with ultraviolet light at
wavelengths of 280 to 380 nm and with a peak at around 312 nm. Patent
Document 2 discloses that the appropriate ultraviolet intensity is 0.1 to
1.0 mW-cm-—2,

[00035]

Non-Patent Document 1 reports that Arabidopsis plants were exposed
to narrowband UV-B radiation (280 to 320 nm; peak wavelength: 312 nm;
830 mW /m?2/s) continuously for 1 or 4 days to investigate the impacts of UVB
stress on the plants and an increase of anthocyanins and flavonols was

observed in the plants exposed to ultraviolet for 1 day or more.

CITATION LIST
PATENT LITERATURE
(0006]

Patent Document 1: Japanese Patent Application Publication

No. 2004-121228

Patent Document 2: Japanese Patent Application Publication
No. 2008-086272
NON-PATENT LITERATURE

(0007]

Non-Patent Document 1: Kusano et al., The Plant Journal, 2011, 67,
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354-369

SUMMARY OF INVENTION
TECHNICAL PROBLEM

(0008]

As described above, it is known that the exposure of a plant to
ultraviolet light (UVA or UVB) increase in the amount of a phenolic compound
in the plant. Meanwhile, it is also known that ultraviolet light is harmful to
not only plants but organisms in general. The ultraviolet light used in the
conventional art has a relatively wide wavelength band, and the emission
spectrum of such a UV lamp as used in Non-Patent Document 1 has a peak
wavelength at 312 nm but is broad, as illustrated in Figure 9 for example.

The determination of the exact wavelengths of ultraviolet light
contributing to increasing phenolic compounds allows for an efficient increase
in the amount of the compounds in plants while reducing the adverse etfects

caused by exposure to ultraviolet hight.
Thus, there is still a need for a method that can effectively/efficiently

increase the amount of a phenolic compound such as a polyphenol in a plant.

SOLUTION TO PROBLEM

[0009]

The present inventors investigated the wavelengths and the tluence
contributing to increasing phenolic compounds. As a result, the inventors
have found that ultraviolet light at specific wavelengths, which are shorter
than the conventionally known wavelengths, is effective in increasimg phenolic
compounds, while conventionally used ultraviolet light includes hght at
wavelengths that do not contribute to increasing phenolic compounds and,

what 1s worse, can cause a decrease 1n the abundance of the compounds,
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thereby completing the present invention.
[0010]

The invention provides a method for increasing an amount of a
phenolic compound in a plant, the method compnsing irradiating the plant
with ultraviolet light, wherein a fluence at wavelengths of 270 to 290 nm 1is
1500 to 50000 pymol/m=? and a fluence at wavelengths of 310 to 400 nm 1s less
than 50% of that at wavelengths of 270 to 290 nm.

The invention also provides a method for producing a plant containing
an increased amount of a phenolic compound, the method comprising
irradiating a plant with ultraviolet light, wherein a fluence at wavelengths of
270 to 290 nm is 1500 to 50000 ymol/m?2, while a fluence at wavelengths of
310 to 400 nm i1s less than 50% of that at wavelength 270 to 290 nm.

The invention also provides a lighting device for use in increasing an
amount of a phenolic compound in a plant, the device comprising: a light
source capable of emitting light in the wavelength range of 270 to 290 nm
wherein an amount of emission at wavelengths of 300 to 400 nm i1s less than
50% of that at wavelengths of 270 to 290 nm and an amount of emission at
wavelengths of 200 nm or more and less than 270 nm is less than 10% of that
at wavelengths of 270 to 290 nm, and

a control unit to control the light source to provide a fluence at

wavelengths of 270 to 290 nm of 1500 to 50000 umol/m?2 at plant level.

ADVANTAGEOUS EFFECTS OF INVENTION

(0011]

The present invention makes it possible to avoid an adverse effect due
to exposure to ultraviolet light that is just harmful, and therefore to increase
efficiently an amount of a phenolic compound in a plant, and to produce

efficiently a plant containing an increased amounts of a phenolic compound.
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BRIEF DESCRIPTION OF DRAWINGS

[0012]

[Figure 1] Figure 1 illustrates the emission spectra of the ultraviolet LEDs
used in the Examples (Experiment 1).

[Figure 2] Figure 2 illustrates HPLC chromatograms (detection at 500 nm)
indicating the amount of anthocyanins in the plants (Arabidopsis thaliana)
irradiated with ultraviolet light in Experiment 1. Ultraviolet light irradiated
had a peak wavelength at 280 nm (B to D) or 310 nm (F to H), and the
irradiation time was 15 minutes (B, F), 4 hours (C, G), or 4 days (D, H). A
and E are from non-UV-urradiated controls.

[Figure 3] Figure 3 illustrates the emission spectra of the ultraviolet LEDs
used in the Examples (Experiment 2). The emission spectra with peak
wavelengths at 280 and 310 nm are of the LEDs used in Expernment 1.

[Figure 4] Figure 4 illustrates HPLC chromatograms (detection at 500 nm)
indicating the amount of phenolic compounds i1n the plants (Arabidopsis
thaliana) irradiated with ultraviolet light 1n the Examples (Experiment 2). The
wavelengths indicated on the left are the peak wavelengths of ultraviolet light
irradiated. The irradiation time was O (i.e., non-UV-irradiated controls; the
leftmost column), 15 minutes {the 2rd column from the left), 4 hours (the 3rd
column from the left) or 4 days (the rightmost column). The resuits obtained
with light having a peak wavelength at 280 nm and with light having a peak
wavelength at 310 nm are from Expernnment 1.

[Figure 5] Figure S illustrates HPLC chromatograms (detection at 258 nm]}
indicating the amount of phenolic compounds in the plants {(Citrus sudachi
(pericarps), Podophyllum peltatum (roots), Camellia sinensis (leaves) and
Glycine max (pericarps)) uradiated with ultraviolet hght in the Examples

(Experiment 3). Ultraviolet light irradiated had a peak wavelength at 280 nm,
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and the irradiation time was O (i.e., non-UV-irradiated controls; the leftmost
column), 15 minutes (the 2nd column from the left) or 4 hours (the 3 column
from the left). The rightmost column includes absorption spectra of the peak
fractions indicated with arrows.

[Figure 6] Figure 6 illustrates HPLC chromatograms (detection at 520 nm)
indicating the amount of anthocyanins in grape plants {pericarps) irradiated
with ultraviolet light in the Examples (Experiment 4). Ultraviolet light
irradiated had a peak wavelength at 280 nm, and the irradiation time was 0
(i.e., non-UV-irradiated controls; the leftmost column), 15 minutes (the 2nd
column from the left) or 4 hours (the rightmost column).

[Figure 7] Figure 7 illustrates HPLC chromatograms (detection at 500 nm)
indicating the amount of anthocyanins 1n plants (A. thaliana) that were
irradiated with ultraviolet light and then left in the dark for 12, 24, 48, 72, 92
or 288 hours in the Examples (Experiment 35). Ultraviolet light irradiated had
a peak wavelength at 280 nm and the irradiation time was 15 minutes.

[Figure 8] Figure 8 illustrates biosynthetic pathways of phenolic compounds

(anthocyanins) in plants.

[Figure 9] Figure 9 illustrates the emission spectrum of the ultraviolet lamp

(CSL-30B, COSMO BIO) used in Non-Patent Document 1.

DESCRIPTION OF EMBODIMENTS
[0013]

In an aspect, the invention is a method for increasing an amount of a
phenolic compound 1n a plant, the method comprnsing irradiating the plant
with ultraviolet light, wherein a fluence at wavelengths of 270 to 290 nm is
1500 to 50000 nmol/m? and a fluence at wavelengths of 310 to 400 nm is less
than 50% of that at wavelengths of 270 to 290 nm.

In another aspect, the invention 1s a method for producing a plant
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containing an 1ncreased amount of a phenolic compound, the method
comprising irradiating a plant with ultraviolet light, wherein a fluence at

wavelengths of 270 to 290 nm 1s 1500 to 50000 pmol/m?2, while a fluence at

wavelengths of 310 to 400 nm 1s less than 50% of that at wavelengths of 270

to 290 nm.
[0014]

As used herein, a numerical range “a to b” (“a” and “b” represent
specific numerical values) means the range including both of the values “a”
and “b”, that is, the range “between a and b (both inclusive)”.

[0015]

The invention i1s based on new findings that ultraviolet light in the
wavelength range of around 270 to 290 nm is effective in increasing the
amount of phenolic compounds in plants, while ultraviolet light in the
wavelength range of around 310 to 400 nm does not contribute to increasing
the amount of phenolic compounds and, what is worse, it can cause an
adverse effect, as shown in the Examples below. Thus, according to a method
of the invention, one can irradiate a plant with ultraviolet light in a specific
wavelength range that i1s effective in increasing the amount of a phenolic
compound in the plant, while avoiding an adverse effect (resulting in a
decrease in the abundance of phenolic compounds) due to exposure to

ultraviolet light, and therefore increase efficiently the amount of phenolic

compound in the plant.

[0016]

In the present invention, ultraviolet light used i1s preferably near-
ultraviolet light that 1s less absorbed by the atmosphere than far-ultraviolet
light, and i1s i1rradiated to a plant in such a way that the fluence at

wavelengths of 270 to 290 nm 1s 1500 to 50000 pmol/m?2 and the fluence at

wavelengths of 310 to 400 nm 1s less than 50% of that at wavelengths of 270
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to 290 nm.
Where the fluence at wavelengths of 270 to 290 nm i1s less than
1500 pmol/m?2, a significant increase in the amount of a phenolic compound

in a plant may not be achieved, probably because phenolic compounds

synthesis is not be significantly activated. Where the fluence at wavelengths

of 270 to 290 nm is more than 50000 umol/m?2, a plant containing an
increased amount of a phenolic compound may not be obtained because of a
large damage to the plant. Preferably, the fluence at wavelengths of 270 to
290 nm is 2000 to 40000 umol/m?2. With a fluence in this range, a plant
containing an increased amount of a phenolic compound may be more
efficiently obtained.

[0017]

Meanwhile, ultraviolet light at wavelengths of 310 to 400 nm does not
contribute to an increase in the amount of a phenolic compound 1n a plant
and, what is worse, acts to damage the plant. Therefore, where the fluence at
wavelengths of 310 to 400 nm 1s 50% or more of that at wavelengths of 270 to

290 nm, a plant containing an increased amount of a phenolic compound may

not be efficiently obtained. In view of avoiding an adverse effect to a plant,
the fluence at wavelengths of 310 to 400 nm 1s prefterably less than 30%, more
preferably less than 20%, more preferably less than 10% and the most
preferably less than 5%, of that wavelengths of 270 to 290 nm.

In one embodiment, the fluence at wavelengths of 300 to 400 nm 1is
less than 50%, preferably less than 30%, more preferably less than 20% and
more preferably less than 10%, of that at wavelengths of 270 to 290 nm. In
another embodiment, the fluence at wavelengths of more than 290 nm and
400 nm or less 1s less than 50%, preferably less than 30%, more preterably
less than 20% and more preferably less than 10%, of that at wavelengths of

270 to 290 nm.
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(0018]

Because DNA and RNA have an absorption maximum at around
260 nm, light at wavelengths of 260 nm or less may have a severe adverse
effect to plants (such as damaging cells). Therefore, the fluence at
wavelengths of 200 to 260 nm 1s preferably less than 20%, more preferably
less than 10%, still more preferably less than 5% and the most preferably less
than 1%, of that at wavelengths of 270 to 290 nm.

In one embodiment, the fluence at wavelengths of 200 nm or more and
less than 270 nm (preferably at wavelengths of 100 nm or more and less than
270 nm, more preferably at wavelengths of 10 nm or more and less than
270 nm, and still more preferably at wavelengths of 1 nm or more and less
than 270 nm) is less than 20%, preferably less than 10%, more preferably less
than 5% and the most preferably less than 1%, of that at wavelengths of 270
to 290 nm.

(0019]

Ultraviolet light in the wavelength range of 270 to 290 nm 1s rradiated

at a photon flux density of, for example, 0.01 to 100 pmol/m?2/s. Where the
photon flux density is less than 0.01 ymol/m?2/s, an increase in the amount of

a phenolic compound in a plant may not be efficiently achieved. Where the

photon flux density is more than 100 pmol/m<?/s, a damage may be early

caused to the plant. Ultraviolet light in the wavelength range of 270 to
290 nm 1is preferably irradiated at a photon flux density of 0.1 to

20 ymol/m2/s, and more preferably 1 to o umol/m?2/s.
[0020]

The source of ultraviolet light is not particularly limited as long as it
can emit light in the wavelength range of 270 to 290 nm, and may be, for
example, any source of ultraviolet light that 1s commonly used, such as a UV

lamp. The UV lamp used i1s preferably a xenon lamp with a SrS5103:Pb
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phosphor for example. Ultraviolet light extracted from the sunlight using an
optical filter or the like may be used.

Where the light source used emits light at wavelengths of 310 to
400 nm, 300 to 400 nm, or more than 290 nm and 400 nm or less, in addition
to light 1n the wavelength range of 270 to 290 nm, at a photon flux density of
50% or more of that at wavelengths of 270 to 290 nm, a filter may be used
therewith which has a transmittance at wavelengths of 270 to 290 nm higher
than that at wavelengths of 310 to 400 nm, 300 to 400 nm, or more than
290 nm and 400 nm or less, respectively. Where the light source emits light
at wavelengths of 200 to 260 nm or at wavelengths of less than 270 nm (such
as, at wavelengths of 200 nm or more and less than 270 nm, 100 nm or more
and less than 270 nm, 10 nm or more and less than 270 nm, or 1 nm or more
and less than 270 nm), in addition to light in the wavelength range of 270 to
290 nm, at a photon flux density of 10% otr more of that at wavelengths of 270
to 290 nm, a filter may be used therewith which has a transmittance at
wavelengths of 270 to 290 nm higher than that at wavelengths of 200 to
260 nm or at wavelengths of less than 270 nm, respectively.

[0021]

In view of energy efficiency, irradiated light in the wavelength range ot
270 to 290 nm has the main peak at, for example, 280 + 5 nm and more
preferably 280 = 2 nm. It i1s preferable that no second peak is present or if
present, the intensity thereof is 1/10 or less of that of the main peak.

The main peak (within the wavelength range of 270 to 290 nm)
preferably has a half-width of 5 to 15 nm. By use of light having a main peak
with a half-width of 15 nm or less, one can 1rradiate a plant with ultraviolet
light in a wavelength range that is effective in increasing the amount of a
phenolic compound in the plant, while avoiding irradiation with light 1n a

wavelength range that does not contribute to increasing the compound in the

10
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plant (and may be just harmful to the plant) (in other words, selective
irradiation) and achieve a further increased energy efficiency. It 1s possible to
use hght having a main peak with a half-width of less than 5 nm in a method
according to the invention. In view of cost efficiency, however, currently it is
preferable to use light having a main peak with a half~-width of 5 nm or more.

In a particular preferable embodiment, ultraviolet light irradiated to a plant

has a wavelength spectrum having a peak wavelength at 280 £+ 5 nm with a
half-width of 5 to 15 nm.
[0022]

It 1s particularly preferable that the source of ultraviolet light is a light
emitting diode (LED) having a single peak in the emission spectrum. By the
use of an LED, one can easily irradiate a plant with ultraviolet light in a
wavelength range that is effective in increasing the amount of a phenolic
compound in the plant, while avoiding irradiation with light in a wavelength
range that does not contribute to increasing the compound in the plant (and
may be just harmful to the plant) (in other words, selective irradiation). In

view of energy efficiency and economic efficiency, use of an LED 1is also

preterable due to the low heat generation, low power consumption and long
life. In addition, the fluence and/or photon flux density can be easily
controlled.

An LED capable of emitting ultraviolet light in the wavelength range ot
270 to 290 nm may be made of, for example, an AlGaN- or InAlGaN-based
material. Specific examples of such LEDs include Deep UV-LED /model.:
NCSU234BU280 (central wavelength: 280 nm; Nichia Corporation).
[0023]

The fluence at wavelengths of 270 to 290 nm may be adjusted to 1500
to 50000 pmol/m?2 at plant level by, for example, controlling switching on and

off the light source (in the case where the plant is placed in a closed space, for

11
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example) or by controlling the time required for the plant to pass through the
irradiation area (in the case where the plant moves on a conveyor, for
example).

(0024]

In the present specification, the plant is not particularly limited and is
preferably a herbaceous plant. The plant may be, for example, an
anglosperm, particularly a dicotyledon. Examples of dicotyledons suitable for
use i a method according to the invention include plants belonging to the
families Brassicaceae (particularly the genera Brassica and Raphanus),
Solanaceae (particularly the genus Solanum), Berberidaceae (particularly the
genus Podophyllum), Theaceae (particularly the genus Camellia), Fabaceae
(particularly the genus Glycine), Rutaceae (particularly the genus Citrus),
Vitaceae (particularly the genus Vitis), Rosaceae (particularly the genus
Fragaria), Asteraceae (particularly the genus Lactuca) and Lamiaceae
(particularly the genus Perilla). Specific examples of plants that can be used
in the invention include Arabidopsis thaliana, Podophyllum peltatum, Camellia
sinensis, Glycine max, Citrus sudachi, Vitis spp., Brassica oleracea var.
capitata, Brassica oleracea var. italica, Brassica rapa var. perviridis, Brassica
rapa subsp. chinensis, Raphanus sativus var. longipinnatus, Brassica rapa
subsp. rapa, Solanum lycopersicum, Solanum melongena, Fragaria x ananassa,
Lactuca sativa and Perilla frutescens var. crispa.

[0025]

In the present specification, the plant may have the UVRS
photoreceptor.

Without wishing to be bound by theory, it is believed according to the
gene expression analysis results mentioned below, that light in the wavelength

range of 270 to 290 nm in a plant upregulates, via the UVR8 photoreceptor,

the expression of genes for the enzymes and transcription factors involved in

12
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the biosynthetic pathways of phenolic compounds (such as phenylpropanoids,
flavonoids and anthocyanins), resulting in activation of the“biosynthesis.
[0026]

The plant used in the invention may be a whole plant comprising the
shoot (stems and leaves) and root systems, or a part thereof, such as shoot
only.

Where the plant is a whole plant, it may be being cultivated or not
being cultivated (that is, the plant is under conditions without nutrient supply
via the roots). The plant may be cultivated on soil or in soilless system (such
as hydroponic cultivation and solid substrate cultivation). Soilless cultivation

may be aseptically carried out.
10027]

The cultivation may be carried out in a controlled environment.
Examples of the environmental conditions to be controlled include light and
dark cycle, temperature, humidity, fluence of natural light and/or artificial
light, and carbon dioxide concentration. The conditions are not particularly
limited as long as they are suitable for cultivation/growth of the plant used.

The light and dark cycle may be selected appropriately according to
the plant to be cultivated and its growth stage (for example, a long-day
condition of 14 to 18 hours light or a short-day condition of 6 to 10 hours
light). The light source of artificial light may be a conventionally used
incandescent lamp, fluorescent lamp, white lamp, high-pressure sodium lamp,
metal halide lamp, LED or the like. Artificial light may be irradiated at a
photosynthetic photon flux density that may be selected appropnately
according to the plant to be cultivated, its growth stage and the like. The
photosynthetic photon flux density may be, for example, 100 to
500 pmol/m?/s.

The temperature may be, for example, 20 to 30°C and the humdity

13
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may be, for example, 50 to 80%.

The carbon dioxide concentration may be, for example, approximately
1000 to 1500 ppm.

The solid/liquid fertilizer(s) may be selected appropnately according to
the plant to be cultivated. Generally, the {fertilizer contains nitrogen,
phosphorus and potassium.

[0028]

The plant not being cultivated may be kept under natural light, or in a
dark place, at a room temperature (such as 15 to 30°C) or a low temperature
(such as 0 to 15°C).

[0029]

The plant to be irradiated with ultraviolet hight according to the
invention may be at any growth stage. In one embodiment, the plant to be
irradiated is in the vegetative growth stage and in another embodiment, the
plant to be irradiated is not being cultivated (or after harvested (i.e., the plant
1S a harvestj).

The plant may be a seedling plant or an adult plant. The seedling
plant may be a sprout. The sprout is also called a sprouting plant and refers
to a seedling plant after germination and before developing a true leat. The
sprout may be obtained by, for example, culture in the dark at a temperature
of 20 to 25°C for 7 to 10 days.

Where the plant is being cultivated, ultraviolet lhight irradiation

according to the invention may be performed in either a hght phase or a dark

phase.
10030]

A method according to the invention may further comprise placing the
plant in the dark for 12 hours or more after wrradiation of light in the

wavelength range of 270 to 290 nm (ultraviolet light). As used herein,

14
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“placing in the dark” refers to placing the plant in a dark place or a dark room

(where the photosynthetic photon flux density does not cause photosynthesis

in the plant, more specifically, the photosynthetic photon flux density <
10 ymol/m?2/s). The time for placing the plant in the dark is preferably
24 hours or more, more preferably 36 hours or more, still more preferably
48 hours or more and yet more preferably 72 hours or more. The upper limit
of the time for placing the plant in the dark is not particularly limited as long
as the content of a phenolic compound in the plant 1s increased as compared
to the plant without irradiation, and may be, for example, 300 hours and more
specifically 288 hours (or less).

For example, the plant may be placed in the dark at a room
temperature or a low temperature.

The amount (content} of a phenolic compound in a plant is further
increased by placing it in the dark for 12 hours or more after ultraviolet hght
irradiation.

[0031]

In the present specification, the phenolic compound is not particularly
Iimited as long as it can be naturally synthesized in the plant used, and may
be, for example, a phenylpropanoid or a polyphenol. Examples of polyphenols
include flavonoids, tannins and lignans. Examples of flavonoids include
anthocyanins, flavans (such as catechins), flavones, isoflavones and flavonols.

Anthocyanins are glycosides where anthocyanidins bound to a sugar
moiety (such as glucose, galactose or rhamnose). Examples of
anthocyanidins that are commonly found in plants include pelargonidin,
cyanidin, peonidin, delphinidin, petunidin and malvidin. Anthocyanins are
pigments widely present in the plant kingdom, which produce colors ranging
from red to purple to blue, used as plant-based colorants (e.g. for food

products) and are known to be antioxidants. Therefore, an anthocyanin is a

15
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preferable phenolic compound which is sought to be increased in a plant
according to the present invention.
An example of anthocyanins in, for example, A. thaliana 1s represented

by the following chemical formula:

[0032]

Mo

In the formula, an anthocyanidin moiety, a peonidin moiety in this
case, 1s surrounded by the line.
[0033]

The expressions “increasing the amount of a phenolic compound”,
“increasing the content of a phenolic compound” and the like as used herein
refer to an increase in the amount of a phenolic compound by, for example,
10% or more, preferably 20% or more, more preferably 50% or more and still
more preferably 100% or more, as compared to a plant without ultraviolet light
irradiation according to the invention. The expressions “increasing the
amount of a phenolic compound”, “increasing the content of a phenolic
compound” and the like also refers to a novel synthesis, aiter irradiation, of a
phenolic compound that was not synthesized before irradiation.

The phenolic compound may be quantified by any of the known
techniques, for example, chromatography. Examples of chromatography
include liquid chromatography (such as HPLC). The liquid chromatography

may be reverse phase chromatography.
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(0034]

By ultraviolet light irradiation according to the invention, a plant can
be produced wherein the amount of a phenolic compound is 1.1 times or
more, preferably 1.2 times or more, more preferably 1.5 times or more, more
preferably 2 times or more, e.g., 3 times or more, of that of a non-irradiated
plant. Thus, according to a method of the invention, the plant produced can

be inexpensively provided as a high-value-added food.
[0035]

The plant produced according to a method of the invention is a
suitable raw material for production of the phenolic compound of which
content is increased in the plant.

Thus, the present invention also provides a method for producing a
phenolic compound, the method comprising:

a step of irradiating a plant with ultraviolet hght, wherein a fluence at
wavelengths of 270 to 290 nm 1s 1500 to 50000 pmol/m?2, while a fluence at
wavelengths of 310 to 400 nm is less than 50% of that at wavelengths of 270

to 290 nm; and

a step of obtaining the phenolic compound from the plant.

(0036)]

The invention also provides a method for producing a phenolic

compound, the method comprising:

a step of irradiating a plant with ultraviolet hight, wherein a fluence at

wavelengths of 270 to 290 nm 1s 1500 to 50000 pmol/m?2, while a fluence at

wavelengths of 300 to 400 nm is less than 50% of that at wavelengths of 270

to 290 nm and a fluence at wavelengths of 200 nm or more and less than
270 nm 1s less than 10% of that at wavelengths of 270 to 290 nm; and

a step of obtaining the phenolic compound {rom the plant.

(0037]
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The step of obtaining the phenolhic compound from the plant may be
performed by, for example, extraction. The extraction may be carried out by

any of the known techniques, such as solvent extraction or supercritical

extraction.

The solvent used in solvent extraction may be appropriately selected
from the known solvents. The solvent used is, for example, water (from room
temperature water to boiling water) or a water-miscible organic solvent, or a
mixed solvent thereof (a mixed solvent of water and one or more water-
miscible organic solvents, a mixed solvent of two or more water-miscible
organic solvents). The water-miscible organic solvent may be a polar organic
solvent, including, for example, methanol, ethanol, n- or 1iso-propanol,
acetonitrile, acetone, dioxane, ethyl acetate, dimethyl sulfoxide,
dimethylformamide, ethylene glycol or tetrahydrofuran. Water used may be
hot water or boiling water.

Extraction may be carried out under heating (such as 80 to 90°C)
and/or increased pressure. Extraction may be reflux extraction. The
extraction time 1s not particularly limited and may be determined
appropriately in view of extraction efficiency.

[0038]

For extraction, the leaves and/or the stems of the plant may be used
but preferably the whole of the plant 1s used, regardless of the growth stage.
The plant may be subjected to extraction as it 1s or after grinding. Before
extraction or grinding, the plant may be dried and/or frozen.

An extract may be filtered with an appropriate filter or centrifuged to

remove contaminants, for example.

[0039]
Where the phenolic compound of interest 1s an anthocyanin, a polar

organic solvent, for example, may be used for extraction. The polar organic
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solvent may contain an acid added thereto. The acid may be, for example,
hydrochloric acid, sulfuric acid, formic acid, acetic acid, phosphoric acid,
trichloroacetic acid, trifluoroacetic acid or perchloric acid. The organic
solvent may contain the acid at a weight ratio of, for example, 0.1 to 10% and
preferably 1 to 3%. Specific examples of extractants include a mixed solvent
of trifluoroacetic acid, formic acid or acetic acid/methanol, a mixed solvent of
acetone/methanol/formic acid or acetic acid, and a mixed solvent of
hydrochloric acid /methanol.

[0040]

From the extract obtained, the phenolic compound may be purified.

Purification may be performed by, for example, chromatography. The
chromatography may be, for example, column chromatography (particularly
HPLC) and is preferably performed in a reverse phase mode.

The column used in column chromatography may be appropriately
selected from the known columns according to the separation mode. The
column used in reverse phase chromatography is commonly, but not limited
to, an octadecyl silica gel (ODS) column (also referred to as C18 column}. A

C30 column, for example, may also be used.
1004 1]

For chromatography, an eluent used may be water or a polar organic
solvent, or a mixed solvent thereof {a mixed solvent of water and one or more
polar organic solvents, a mixed solvent of two or more polar organic solvents).
The polar organic solvent i1s as described above. The eluent may contain an
acld such as trifluoroacetic acid, formic acid, acetic acid, phosphoric acid or
trichloroacetic acid at, for example, 0.01 to 10 M.

Chromatography may be performed in a gradient mode. The gradient
mode chromatography may be carried out with eluent A being a mixed solvent

of a polar solvent and water (at mixing ratio of, for example, 0:100 to 10:90),
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optionally containing 0.01 to 10 M of an acid, and eluent B being a mixed
polar solvent {at mixing ratio of, for example, 50:50) or a mixed solvent of a
polar solvent and water (at mixing ratio of, for example, 50:50 to 100:0),
optionally containing 0.01 to 10 M of an acid, and a gradient from 100:0 to
0:100 (A:B} in 30 to 60 minutes, {for example.

The flow rate 1s not particularly limited and may be, for example, 0.2
to 2 ml/min.

The phenolic compound may be detected by measuring an absorbance
at, for example, 250 to 300 nm. An anthocyanin can be detected by
measuring an absorbance at 500 to 550 nm.

10042]

The phenolic compound produced by a method according to the
invention can be used as a raw material for a functional food (a food for
specified health uses, or a food with nutrient function claims), a medicament
or any other industrial product. Thus, according to a method of the
invention, the phenolic compound produced can be inexpensively provided as
a raw material for a tfunctional food, a medicament or any other industrial
product.

In one embodiment, the plant 1s Arabidopsis thaliana. A. thaliana
develops 1n a relatively short period of timme and 1s easy to grow, and therefore
is suitable for production of a phenolic compound {such as an anthocyanin)
according to a method of the invention.

(004 3]

The invention also relates to a lighting device for use in increasing an
amount of a phenolic compound in a plant, the device comprising: a light
source capable of emitting light in the wavelength range of 270 to 290 nm
wherein an amount of emission at wavelengths of 300 to 400 nm 1s less than

50% of that at wavelengths of 270 to 290 nm and an amount of emission at
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wavelengths of 200 nm or more and less than 270 nm is less than 10% of that
at wavelengths of 270 to 290 nm; and a control unit to control the light source
to provide a fluence at wavelengths of 270 to 290 nm of 1500 to
50000 pmol/m?2 at plant level.

The lighting device according to the invention is useful in the methods
according to the invention for increasing an amount of a phenolic compound
in a plant, for producing a plant containing an increased amount of a phenolic
compound, and for producing a phenolic compound (collectively referred to as
“the methods according to the invention”).

[0044]

The light source is as described above for the methods according to the
invention.

Preferably, the light source emits light at a fluence at wavelengths of
200 nm or more and less than 270 nm {more preferably 100 nm or more and
less than 270 nm, more preferably 10 nm or more and less than 270 nm, and
still more preferably 1 nm or more and less than 270 nm) of less than 5%, and
more preferably of less than 1%, of that at wavelengths of 270 to 290 nm.

The hght source also preferably emits light at a fluence at wavelengths
of 300 to 400 nm of less than 30%, more preferably of less than 20%, and still

more preferably of less than 10%, of that at wavelengths of 270 to 290 nm. In

one specific embodiment, the light source emits light at a fluence at
wavelengths of more than 290 nm and 400 nm or less of less than 50%,
preferably less than 30%, more preferably less than 20%, and more preferably
less than 10%, of that at wavelengths of 270 to 290 nm.

In this regard, specific preferable examples of the light source include
an LED, and a xenon lamp (a xenon lamp with a SrSi0O3:Pb phosphor, for
example), equipped with a filter required (see above), and an LED is more

preterred.

21



10

15

20

25

CA 03060371 2015-10-17

The lighting device according to the invention may comprise only one
light source, or more than one light source.
[004 5]

The control unit controls the timing of switching on and off the light
source and/or the dimming of the hght source. The control unit may be, for
example, a timer and/or a pulse width modulation circuit.

10046]

The lighting device according to the invention may be situated in a
closed space for cultivating and/or storing a plant. The closed space is not
limited with regard to the shape and size thereof as long as it is possible to
cultivate and/or store a plant therein, and may be, for example, a plant
cultivation facility, a plant factory, a storehouse, a container, a refrigerator or
the like.

In the closed space, the lighting device may be situated above, and/or

lateral to, and/or below, the plant.

In the closed space, an air-conditioning system may be provided to

adjust the inner temperature and/or humidity to predetermined values.

10047]

In one preferable embodiment, the photosynthetic photon flux density

in the closed space may be maintained at 10 pmol/m?/s or less {(meaning that

the closed space is a “dark place” or “dark room”) for 12 hours or more after
the tluence of light at wavelengths of 270 to 290 nm from the lhighting device
reaches 1500 to 50000 umol/m2.  More preferably, the dark condition is
maintained for 24 hours or more, more preferably 36 hours or more, more
preferably 48 hours or more, and still more preferably 72 hours or more. The
upper limit of the darkness period 1s not particularly limited as long as the
content of a phenolic compound in the plant 1s increased as compared to a

non-UV irradiated plant, and may be, for example, 300 hours or 288 hours (or
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less).

Examples
(004 8]
S5 (Experiment 1}

Plants (Arabidopsis thaliana) were grown vegetatively on MS
(Murashige-Skoog) agar medium under aseptic conditions. Specifically, the
sterilized seeds were inoculated on MS agar medium and grown for 14 days
after inoculation at a temperature of 22 to 23°C in a plant incubator (BMS-

10 PSO8RGB2, Bio Medical Science K.K.) under long-day conditions (16 hours
light/8 hours dark; photosynthesis effective photon flux density:
200 umol/m?2/s].

After 14-day growing, the plants were irradiated with ultraviolet light

from an LED, having a peak wavelength at 280 nm {half-width 10 nm; Deep
15 UV-LED/model: NCSU234BU280) or at 310 nm (half-width 10 nm; Deep UV-

LED /model: NCSU234BU310) at an 1irradiance (fluence rate} of 2.5 umol

photons/m?2/s for continuous 15 minutes, 4 hours or 4 days (total number of
photons: 2250, 36000 and 864000 umol/m?2}. The emission spectra of the
LEDs used are illustrated in Figure 1.
20 Then, the plants were placed in a dark place before determination of
anthocyanins. Plants served as control were placed in a dark place for
24 hours without ultraviolet light irradiation.
[0049]
Twenty-four hours after ultraviolet light irradiation, the plants (dry
25  weight: approximately 30 mg) were freeze-crushed and subjected to solvent
extraction with 80% methanol.
The amount of anthocyanins in the extracts obtained was analyzed by

high performance liquid chromatography (LC-10, Shimadzu Corporation)
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under the following conditions:

HPLC conditions:

- Column: ODS column (Kinetex Su C18 100 A, Phenomenex)

- Column temperature: 40°C

- Flow rate: 2 ml/min

+ Injection: 10 pul

-+ Mobile phase:
Eluent A: 0.1% formic acid aqueous solution
Eluent B: 0.1% formic acid in acetonitrile
Linear gradient: 1% to 99% B in 49 minutes

- Detection: 210 to 750 nm

(0050]
The results are shown in Figure 2.

The amount of anthocyanins (peak height}) was increased in the plants
irradiated with ultraviolet light having a peak wavelength at 280 nm for
15 minutes or 4 hours, by 3 times or more (B), or almost 2 times (C),
respectively, than that of controls (A). No anthocyanins were detected in the
plants irradiated for 4 days (D).

In all the plants 1mrradiated with ultraviolet light having a peak
wavelength at 310 nm for 15 minutes, 4 hours or 4 days (F to H), the amount

of anthocyanins was decreased relative to that of controls (E).

(0051]

The results demonstrate that i1rradiation with ultraviolet light at
wavelengths of around 280 nm 1s effective in increasing the amount of
anthocyanins in A. thaliana, while 1rradiation with ultraviolet light at
wavelengths of around 310 nm does not contribute to the increase and, what
1Is worse, 1t can cause some negative effects resulting in a decrease in the

amount of anthocyanins.
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[0052]
(Experiment 2)

The experiment was carried out as in Experiment 1, except that the
LED used had a peak wavelength at 270 nm (half-width 10 nm; Deep UV-
LED /model: NCU234BU270) or at 300 nm (half-width 10 nm; Deep UV-
LED /model: NCU234BU300) and the irradiation time was 15 minutes for

270 nm nradiation (total number of photons: 2250 pmol/m?) and 15 minutes

or 4 hours for 300 nm irradiation (total number of photons: 2250 and
36000 umol/m?2, respectively). The emission spectra of the LEDs used are
illustrated in Figure 3. For comparison, the spectra of the LEDs for 280 and

310 nm 1rradiations are also illustrated 1n the figure.

(0053

The results are shown in Figure 4. For comparison, the results from
Experiment 1 are also shown in the figure.

In the plants irradiated with ultraviolet light having a peak wavelength
at 270 nm for 15 minutes or ultraviolet light having a peak wavelength at
300 nm for 15 minutes or 4 hours, the amount (peak height) of anthocyanins

was decreased than that of controls.

The results demonstrate that neither of irradiations with ultraviolet
hght at wavelengths of less than 270 nm or of around 300 nm contributes to
increasing the amount of anthocyanins in A. thaliana and causes some
negative effects resulting in a decrease in the amount of anthocyanins.

10054
The wavelength composition of light from the LEDs used in

Experiments 1 and 2 are indicated below.

Table 1

Peak wavelength (nm)

270 280 ] 300 ] 310
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W—_ Al

270-290 nm 64-1.3% | 86.5% 5.4%- [ 1.3%
More than 290 nm 2.8% 8.6% 02.8% 98.3%
LeS;han 270 nm 33.0% 2.0% 1.8% 0.3%
[0055]

(Experiment 3)

Harvested or purchased, sudachi plants (Citrus sudachi, pericarps),
mayapple plants (Podophyllum peltatum, roots), tea plants (Camellia sinensis,
leaves) and soybean plants (Glycine max, pericarps) were irradiated with
ultraviolet ight having a peak wavelength at 280 nm (half-width 10 nm) at an
irradiance of 5 pmol photons/m?2/s for continuous 15 minutes (total number

of photons: 4500 pmoel/m? using an LED (Deep UV-LED/model:

NCSU234BU280). The leaves and stems were irradiated with ultraviolet light
while being immersed in shallow pure water to prevent them from drying and
ageing.

Then, the plants were placed in a dark place before determination of
phenolic compounds. Plants served as control were placed in a dark place for

24 hours without ultraviolet light mrradiation. The leaves and stems were

placed in the dark while being immersed in shallow pure water to prevent
them {from drying and ageing.
[0056)]

Twenty-four hours after ultraviolet light irradiation, the plant parts
(dry weight: approximately 30 mg) were freeze-crushed and subjected to
solvent extraction with 80% methanol.

The amount of phenolic compounds in the extracts obtained was
analyzed by high performance liquid chromatography (Prominence, Shimadzu
Corporation) under the following conditions:

HPLC conditions:

- Column: ODS column (Triart C18 (150 x 4.6 mm, S-5 um), YMC)
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- Column temperature: 40°C

- Flow rate: 1 ml/min

- Injection: 10 pl

- Mobile phase:
Eluent A: 0.1% formic acid aqueous solution
Eluent B: 0.1% formic acid in acetonitrile

Linear gradient: 1% to 100% B in 30 minutes

- Detection: 190 to 800 nm

(0057}

The results are shown in Figure 5.

In the extracts from sudachi plants (pericarps), mayapple plants
(roots), tea plants (leaves) and soybean plants (pericarps) irradiated with
ultraviolet light having a peak wavelength at 280 nm for 15 minutes or
4 hours, increased absorption peaks were observed at around 250 to 300 nm.
The absorption peaks are characteristic to phenolic compounds.

The results demonstrate that irradiation with ultraviolet light at

wavelengths of around 280 nm 1s effective in increasing the amount of

phenolic compounds in sudachi, mayapple, tea and soybean plants.
[0058]
(EExperiment 4)

Purchased grape berries (pericarps) were mrradiated with ultraviolet
light having a peak wavelength at 280 nm (half-width 10 nm) at an irradiance
of 2.5 uymol photons/m?2/s for continuous 15 minutes or 4 hours (total number

of photons: 2250 or 36000 umol/m?2, respectively}) using a LED (Deep UV-

LED /model: NCSU234BU280). The berries were then placed in a dark place
before determination of phenolic compounds. Plants served as control were
placed in the dark for 24 hours without ultraviolet light irradiation.

Twenty-four hours after ultraviolet light 1irradiation, the pericarps (dry
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weight: approximately 40 to 100 mg) were freeze-crushed and subjected to
solvent extraction with 80% methanol. The amount of phenolic compounds
in the extracts obtained was analyzed by high performance liqud

chromatography (Prominence, Shimadzu Corporation}] under the same

conditions as in Experiment 3.
[0059]

The results are shown 1n Figure 6.

In the extracts from grape plants (pericarps) irradiated with ultraviolet
light having a peak wavelength at 280 nm for 15 minutes or 4 hours, it was
observed that total absorption peak areas at wavelengths of around 520 nm,
characteristic to anthocyanins, were increased (1.2 to 1.9 times relative to that
of the non-irradiated controls).

The results demonstrate that irradiation with ultraviolet light at
wavelength around 280 nm is effective in a further increase of anthocyanins in
grape plant, which contains a high level of anthocyanins even before

irradiation.

[0060]

(Experiment 5)

Plants (A. thaliana) were 1irradiated with ultraviolet light having a peak
wavelength at 280 nm for continuous 15 minutes (total number of photons:
2250 pymol/m?), according to the method described in Experiment 1,

Then, the plants were placed 1in a dark place for 12, 24, 48, 72, 96 or
288 hours before determination of anthocyanins.

After placing in the dark, the plants {dry weight: approximately 30 mg)
were freeze-crushed and subjected to solvent extraction with 80% methanol.

The amount of anthocyanins in the extracts obtained was analyzed
according to the method described in Experiment 1.

(0061]
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The results are shown in Figure 7. The magnifications (expressed as
“x 0.4” and “x 4.0”, for example) indicated in the figure are relative to the level
(reference values) in the plants placed in the dark for 24 hours after ultraviolet
light irradiation. It should be noted that in the plants placed in the dark for
24 hours after ultraviolet light irradiation, the amount of anthocyanins is 3
times than that of the non-irradiated controls [see Figure 1]. This means that
“0.4 times” and “4 times” relative to the level in the plants placed in the dark
for 24 hours after ultraviolet light irradiation correspond to “1.2 times” and
“12 times”, respectively, than that of the non-irradiated controls.

The results demonstrate that the amount of phenol compounds in the
ultraviolet light-irradiated plants is further increased by placing them in the
dark for 24 hours or more after ultraviolet light irradiation.

[0062]

(Experiment 6)

Gene expression analysis
Preparation of total RNA

Total RNAs were prepared from plants (A. thaliana) irradiated with

ultraviolet light having a peak wavelength at 280 nm (half-width 10 nm; Deep
UV-LED/model: NCSU234BU280) for 45 minutes, 1mmediately after
irradiation using the RNeasy mini kit {Qiagen) according to the Manufacturer's

instructions.

Expression analysis
The total RNAs prepared were subjected to RNA-seq analysis (Takara
Bio Inc.). Sequence analysis was carried out with the HiSeq 2500 system

(Illumina, Inc.) and the reference sequence was from the TAIR 10.37.

(0063

Table 2 shows the genes with two-fold or more increased expression
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level (FPKM; Fragments Per Kilobase of exon per Million mapped reads).

Table 2

Gene expression analysis data

Genes whose expression levels are increased 2-fold or more by irradiation with

ultraviolet light (peak wavelength 280 nm)

Log2 FPKM value
Gene name Name * Note
Cont. 280 nm
COPI1 AT2G32950.2 0.4 2.2
}
AT3G17609.4 2.5 0.9
HYH AT3G17609.3 0.0 5.3
genes regulated by
AT3G17609.2 1.5 5.7 UVRS
AT3G17609.1 -1.5 2.1
AT5G11260.1 3.8 6.4
HYS
AT5G11260.2 -0.6 2.9
PAL1 * AT2G37040.1 5.4 0.9
PAL2 * AT3GS53260.1 5.7 6.5 . :
Genes involved 1n
AT1G65060.1 0.2 2.0 | phenylpropanoid
4CL3 * synthesis
AT1G65060.2 -4.2 | 2.7
4CL2 * AT3G21240.3 -10.0 -2.8
CHS * AT5G13930.1 4.7 6.6
CHI1 * AT3G55120.1 2.0 3.7
ATS5G08640.1 1.0 4.2
FLS1 *
AT5G08640.2 -3.3 0.3
CYP75B1 AT5G07990. 1 0.7 1.9 | Genesinvolved in
flavonoid synthesis
AT3G51240.1 3.2 6.3
F3H *
AT3G51240.2 -2.2 1.4
DFR * AT5G42800.1 2.7 4.6
LDOX{ANS) * | AT4G22880.3 1.8 3.2
A3G2XYLT AT5G54060.1 -1.2 0.1
UGT75C] AT4G14090.1 0.0 1.5 |Uenesmvolvedin
| anthocyanin synthesis
MYB75 AT1GS56650.1 -0.3 2.1

In the table, genes marked with the asterisk “*” are those for the enzymes
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involved in biosynthetic pathways of phenol compounds (Figure 8).
[0064]

It is deduced that an increase in the amount of anthocyanins in plants
irradiated with ultraviolet light at wavelengths of around 280 nm results from
stimulation of UV-B photoreceptor-mediated signaling by the ultraviolet light
irradiation through the activation (monomerization) ot the photoreceptor UVR3
(Table 2), and thereby an increased expression of chalcone synthase, the rate-
limiting enzyme in the shikimate pathway. Thus, it 1s believed that
irradiation with ultraviolet light at wavelengths of around 280 nm results in
increasing not only the amount of anthocyanins but the amount of phenolic
compounds in general that are synthesized via the shikimate pathway, in

plants (Experiments 3 and 4, Figures 5 and 6).

As the photoreceptor UVRS8, the UV-B photoreceptor-mediated
signaling system and the shikimate pathway are present not only in A.
thaliana but commonly 1n the plant kingdom, 1t 1s believed that irradiation of
ultraviolet hght at wavelengths of around 280 nm results in increasing the

amount of phenolic compounds in plants in general.
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CLAIMS

1. A method for increasing an amount of a phenolic compound 1n a plant,
the method comprising irradiating the plant with ultraviolet light, wherein a

fluence at wavelengths of 270 to 290 nm 1s 1500 to 50000 pmol/m? and a

fluence at wavelengths of 310 to 400 nm 1s less than 50% of that at

wavelengths of 270 to 290 nm.

2. The method according to claim 1, wherein the fluence at wavelengths

of 310 to 400 nm is less than 10% of that at wavelengths ot 270 to 290 nm.

3. The method according to claim 1, wherein a fluence at wavelengths of

300 to 400 nm is less than 50% of that at wavelengths of 270 to 290 nm.

4. The method according to any one of claims 1 to 3, wherein light at

wavelengths of 270 to 290 nm is irradiated at a photon flux density of 1 to

S5 umol/m?2/s.

0. The method according to any one of claims 1 to 4, wherein a fluence at
wavelengths of 200 to 260 nm 1s less than 20% of that at wavelengths of 270

to 260 nm.

6. The method according to any one of claims 1 to 5, wherein a fluence at

wavelengths of 200 nm or more and less than 270 nm is less than 10% of that

at wavelengths of 270 to 290 nm.

7. The method according to any one of claims 1 to 6, wherein the

ultraviolet light has a wavelength spectrum with a peak wavelength at 280 %
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5 nm and a half-width of 5 to 15 nm.

3. The method according to any one of claims 1 to 7, wherein the

ultraviolet light 1s emitted from a LED.

9. The method according to any one of claims 1 to 8, wherein the

ultraviolet light is irradiated to the plant in a dark place.

10. The method according to any one of claims 1 to 9, further comprising

placing the plant in the dark for 12 hours or more after the irradiation.

11. The method according to claim 10, wherein the plant is placed in the

dark for 48 hours or more and less than 288 hours.

12. The method according to any one of claims 1 to 11, wherein the plant

belongs to the family Brassicaceae, Berberidaceae, Theaceae, Fabaceae,

Rutaceae or Vitaceae.

13. The method according to any one of claims 1 to 12, wherein the plant
is selected from Arabidopsis thaliana, Podophyllum peltatum, Camellia
sinensis, Glycine max, Citrus sudachi, Vitis spp., Brassica oleracea var.

capitata, Brassica oleracea var. italica, Brassica rapa var. peruvinidis, Brassica
rapa subsp. chinensis, Raphanus sativus var. longipinnatus, Brassica rapa

subsp. rapa, Solanum lycopersicum, Solanum melongena, Fragaria X ananassa,

Lactuca sativa and Perilla frutescens var. crispa.

14. The method according to any one of claams 1 to 13, wherein the

phenolic compound 1s a polyphenol.
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15. The method according to claim 14, wherein the polyphenol is a
flavonoid.

16. The method according to claim 15, wherein the flavonoid is an
anthocyanin.

17. A method for producing a plant containing an increased amount of a

phenolic compound, the method comprising irradiating a plant with ultraviolet

hght, wherein a fluence at wavelengths of 270 to 290 nm is 1500 to

50000 umol/m?2, while a fluence at wavelengths of 310 to 400 nm is less than

50% of that at wavelengths of 270 to 290 nm.

18. A method for producing a plant containing an increased amount of a

phenolic compound, the method comprising irradiating a plant with ultraviolet

light, wherein a fluence at wavelengths of 270 to 290 nm is 1500 to

50000 pmol/m?2, while a fluence at wavelengths of 300 to 400 nm is less than

o00% of that at wavelengths of 270 to 290 nm and a fluence at wavelengths of

200 nm or more and less than 270 nm is less than 10% of that at wavelengths

of 270 to 290 nm.
19. The method according to claim 17 or 18, wherein the plant is a sprout.

20. The method according to claim 17 or 18, wherein the plant is not

being cultivated.

21. A hghting device for use in increasing an amount of a phenolic

compound 1n a plant, the device comprising:
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a light source capable of emitting light in the wavelength range ot 270
to 290 nm wherein an amount of emission at wavelengths of 300 to 400 nm 1s
less than 50% of that at wavelengths of 270 to 290 nm and an amount of
emission at wavelengths of 200 nm or more and less than 270 nm is less than

10% of that at wavelengths of 270 to 290 nm; and

a control unit to control the light source to provide a fluence at

wavelengths of 270 to 290 nm of 1500 to 50000 umol/m?2 at plant level.
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Anthocyanin (500 nm) increase by 280 nm irradiat
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HPLC analytical spectra (detection at 500 nm)
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