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Description
Subject of invention

[0001] The subject of the invention is paper capable of
partially absorbing blue light, products made from such
paper, such as notebooks, memo pads, books, and a
process for making such paper.

Prior art

[0002] Visible light is electromagnetic radiation with
wavelengths between about 380 and 750 nm. The wa-
velength of a light beam defines its colour and energy. A
short-wavelength light beam has higher energy than a
long-wavelength light beam, which is why short-wave-
length light beams are more strongly refracted in the
human eye. In addition, when they reach the retina, they
can cause higher oxidative stress than longer wave-
lengths. The visible light spectrum includes blue, green,
yellow, orange, and red light. Blue light has a very short
wavelength, i.e. 420 nm to 495 nm, and therefore high
energy. Blue light through the eyes is known to have an
inhibitory effect on the production of the hormone mela-
tonin, which is produced in the human body mainly at
night and affects hormonal balance, cognitive abilities,
the circadian rhythm of many biological functions and
thus the overall health of the body.

[0003] The natural source of blue light is sunlight, to
which the human is exposed during the day when the
production of the hormone melatonin is reduced, and
therefore has no significant effect on humans, or an effect
that is consistent with the human biorhythm. The way
people work has changed with the development of tech-
nology, especially various electronic devices with
screens. People are spending longer and longer periods
oftime, bothinthe lightand dark parts of the day, in front of
various electronic devices that emit a high amount of blue
light, work surfaces and paper reading material that are
illuminated by artificial light. Due to their positive techni-
cal characteristics, light-emitting diodes are increasingly
used as a source of artificial light, emitting significantly
more blue light than incandescent bulbs. In LEDs, the
excitation of the light is such that the primary source is a
diode with a very narrow short-wavelength band, and the
entire spectrum is corrected to a quasi-white light by
additional fluorescent elements. Blue light is therefore
over-represented in LED lights and can adversely affect
living beings if exposed to it for long periods of time.
Excessive blue light through the human visual system
affects hormonal balances, disrupts circadian rhythms,
particularly in the form of sleep disturbances, and further
affects cognitive abilities as well as pupil function. It has
even been shown to cause degenerative changes in the
retina of the eye.

[0004] When working with electronic devices, special
glasses with lenses having blue light filters that only
transmit light of certain wavelengths can be used for
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protection. A disadvantage of such filters is that they
are integrated in glasses which many users use primarily
for their dioptre, and so have the filter in front of their eyes
even when it is not useful, which can also be disturbing.
Some electronic devices have built-in blue light filters that
modify the light spectrum at the source, thereby reducing
blue light radiation. However, as the light source is typi-
cally a LED with a blue light wavelength, reduced blue
light radiation also reduces luminous intensity.

[0005] When working on a particular work surface,
especially when looking at and reading paper material,
the light does not reach the user’s eye directly from the
lamp or electronic device, but the material is intensely
illuminated by an artificial light source, which, in the case
of LED lamps, has a high amount of blue light. The light
that illuminates the surface is reflected from this surface.
Thereflected light has a similar spectrum as its source, so
the reflected light also has a high amount of short-wave-
length, high-energy blue light. When writing and reading,
the user is exposed to blue light which has a negative
impact on their hormonal balance and disrupts circadian
rhythms. The use of special glasses having blue light filter
lenses, while reducing the access of blue light to the
wearer’s eyes, causes the entire light spectrum to
change due to the built-in filter, which may be unfavour-
able for accurate colour assessment. In addition, such
glasses with filter lenses are an additional accessory that
must be available to the wearer at all times.

[0006] Solutions aimed at reducing the reflection of
blue light from the surface of paper are known, where
the paper contains or is coated with fluorescent com-
pounds and dyes which, when irradiated with light based
on fluorescence and/or phosphorescence, emit light of a
longer wavelength, thereby reducing the reflection of light
of a shorter wavelength. The problem with these com-
pounds and dyes is that they are artificial substances, the
production and use of which is environmentally harmful.
The changing wavelength of the reflected light also leads
to the problem of paper colouring, which limits the use of
multi-coloured inks. The use of fluorescent and/or phos-
phorescent compounds is also user-unfriendly.

[0007] Plants contain a variety of dyes. Yellow and
orange dyes form a group of carotenoids which are
contained in all green plants and are known for their
ability to absorb light energy. The carotenoid group also
includes the xanthophyll dye which has been associated
with many positive effects on the human body. The Ta-
getes erecta plant, which is pharmaceutically used as a
food supplement for its many beneficial effects, including
age-related macular degeneration, contains xanthophyll
which gives the plant its characteristic yellow colour.
Xanthophyll has the ability to partially absorb light of a
wavelength of 430-500 nm, with the highest absorption of
light of a wavelength of 470 nm, which is the wavelength
of blue light.
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Technical problem

[0008] The technical problemis to configure a paper, in
particular for educational applications such as school
notebooks, memo pads, books, etc., which will overcome
these disadvantages and which, when illuminated, in
particular by artificial light in the visible light spectrum,
will atleast partially absorb lightin the blue light range, i.e.
the light having a wavelength of 420-495 nm, thereby
reducing the reflection of blue light, while the reflection of
light of other wavelengths will not be significantly altered.
The newly configured paper must be ecologically friendly
and not pose a risk to health, recyclable without restric-
tions and allow the use of any type of pen, regardless of its
colour.

Solution to the technical problem

[0009] The technical problem is solved by the paper,
the main characteristics of which are defined in the first
independent claim.

[0010] Papermade from cellulose fibres contains adye
from the carotenoid group, i.e. the xanthophyll dye of the
Tagetes Erecta plant, which partly absorbs light of a
wavelength in the range of 430 to 470 nm.

[0011] The paper contains an extract of the xanthophyll
dye of Tagetes Erecta in such quantity that the paper
exhibits atleast 20% absorption of light of a wavelength of
430-470 nm in the 430-470 nm wavelength range of the
light spectrum as determined by a conventional spectro-
graphic analysis. 1 kg of paper of the invention contains
1-6 g, preferably 2-4 g, of the xanthophyll extract of
Tagetes Erecta in a mixture of ethanol C,HgO and water.
The amount of ethanol C,HgO is 50-100% by weight,
preferably 60-80% by weight, even more preferably 70%
by weight, the rest being water. Said extract quantity is
obtained from 2-10 g of dry matter in the form of dried and
milled petals of Tagetes Erecta.

[0012] The paper making process of the invention
comprises a step of adding the xanthophyll dye extract
of Tagetes Erectain a solution to paper pulp, the quantity
of the added dye extract being 1-6 g/1 kg of produced
paper, preferably 2-4 g/1 kg of produced paper. The
xanthophyll dye extract of Tagetes Erecta is obtained
by extracting dry milled petals of Tagetes Erecta in a
solvent which is a mixture of ethanol and water, the
amount of ethanol being 50-100% by weight, preferably
60-80% by weight, even more preferably 70% by weight,
the rest being water, at a temperature higher than ambi-
ent temperature and lower than boiling temperature,
preferably 40-90°C, more preferably 60-70°C.

[0013] The paper making process of the invention may
comprise a step in which a mixture of milled petals of
Tagetes Erecta and water is added to the paper pulp
instead of adding the xanthophyll dye extract of Tagetes
Erecta in a solution, the mixture comprising 6-15 g of
milled petals of Tagetes Erecta per 100 ml of water
depending on the intensity of the colour of petals. The
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size of the milled particles of the petals of Tagetes Erecta
is below 250 pm.

[0014] The paper of the invention may also be pro-
duced by a paper coating process, wherein the paper is
produced by a conventional process. The paper is pro-
duced by a coating containing the xanthophyll dye extract
of Tagetes Erecta in a solution, the solvent being a
mixture of alcohol, preferably ethanol, and water, the
amount of ethanol being 50-100% by weight, preferably
60-80% by weight, even more preferably 70% by weight,
the rest being water. The coating contains the xantho-
phyll extract of Tagetes Erecta in a solution in an amount
of 0.5-3% by weight, preferably 0.8-2% by weight, more
preferably 0.8-1.2% by weight of the xanthophyll extract
of Tagetes Erecta.

[0015] The paper of the invention, which contains the
xanthophyll of Tagetes Erecta, absorbs, when the sur-
face is illuminated, at least a portion of blue light of a
wavelength of 430-470 nm, which reduces the reflection
of blue light from the illuminated surface. The blue light
absorption level depends on the amount of the xantho-
phyll dye in the paper and/or on the paper surface. The
higher the amount of the xanthophyll dye of Tagetes
Erecta, the higher the blue light absorption when the
paper surface is illuminated. However, high amounts of
the xanthophyll dye of Tagetes Erecta in the paper pulp
and thus in the paper or on the paper surface as a coating
cause an increased yellow colouring of the paper and a
decreased whiteness, which is not desirable.

[0016] The paper which absorbs a portion of blue light
is thus suitable for paper products intended for writing
and printing, such as notebooks, books, memo pads,
notepads, printing paper and similar. Its importance lies
in the normalization of the light spectrum originating from
artificial lamps, in which the short-wave (blue) light is
disproportionately represented. The person using such
paper under artificial light receives a portion of the re-
flected spectrum which has a significantly reduced por-
tion of blue light, which has a beneficial effect on hormo-
nal balance and other bodily functions and can benefit
eye health in the long term. A yellowish shade of such
paper also has influence on memory. Psychological stu-
dies have shown that content written on yellow paper is
better remembered.

[0017] Many positive effects of Tagetes Erecta are
known in the field of pharmacy and food supplements.
The xanthophyll dye of Tagetes Erecta is obtained by an
extraction process by adding alcohols, preferably alco-
hols having no negative impact on the user’s health. The
paper of the invention can therefore be used in food
industry if there is a need for a yellow coloured paper.
[0018] The paper of the invention will be described
herein below in more detail by way of an embodiment
and drawings representing in

Fig. 1 represents the intensity of light reflected from a
surface of both conventional white paper and the
paper of the invention containing the xanthophyll dye
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of Tagetes Erecta;

Fig. 2 represents the reflection %R of paper of the
invention containing the xanthophyll dye of Tagetes
Erecta and of white paper.

[0019] The paper of the invention is capable of partially
absorbing blue light and is intended for writing, such as
notebooks and other educational accessories, memo
pads, notepads, and printing paper, and normally has
a basis weight between 60 and 120 g/m2.

[0020] The paper of the invention is basically produced
from cellulose fibres, conventional additives, such as
fillers, binders, sizing agents, and the xanthophyll dye
contained also in Tagetes Erecta, the dye of this plant in
particular absorbing blue light and the absorption rate
being the highest in the light of a wavelength of 470 nm,
which is also the wavelength of blue light.

[0021] The xanthophyll from Tagetes Erecta is obtain-
able by extraction from dry milled petals of Tagetes
Erecta, where alcohols, preferably ethanol, or acetones
with an addition of water are used as solvents. The
amount of alcohol is 50-100% by weight, preferably
60-80% by weight, even more preferably 70% by weight,
the rest being water. The amount of dry matter in the form
of milled petals of Tagetes Erectais 6-15 gin 100 ml of a
solvent depending on the intensity of the colour of petals.
For better extraction, the mixture is heated at a tempera-
ture higher than ambient temperature and lower than
boiling temperature, preferably 40-90°C, more preferably
60-70°C. This yields 2-8 g of xanthophyll extractin 100 ml
of a solvent, which is a mixture of 70% by weight of
ethanol and 30% by weight of water. In the embodiment,
5 g of the dye extract was obtained by extractionfrom 10 g
of dry matter in the form of milled petals of Tagetes Erecta
in a solvent consisting of 70% by weight of ethanol and
30% by weight of water. Said process yielded 50% of
extract.

[0022] The natural xanthophyll coloured yellow paper
is obtainable also by adding a mixture of milled petals of
Tagetes Erecta and water to paper pulp, wherein the size
of the milled particles is smaller than 250 um. Before
adding to water, the petals of Tagetes Erecta are milled
using a dry milling principle. The petals may also be
milled in a known way using a wet milling principle, for
instance with a colloid mill. If wet milling is applied, the dry
petals of Tagetes Erecta are admixed to water and the
liquid mixture is then milled in a colloid mill, for instance.
The amount of the milled petals of Tagetes Erectais 6-15
g in 100 ml of water depending on the intensity of the
colour of petals.

[0023] The paper of the invention is produced by the
process of making paper from cellulose fibres by adding
conventional additives, such as fillers, starches, sizing
agents, wherein the xanthophill extract of Tagetes Erecta
in a solution is added to the paper pulp, said solution
being obtained by extraction in a solvent which is a
mixture of ethanol and water, by the previously described
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process, of a mixture of milled petals of Tagetes Erecta
and water is added to the paper pulp by the previously
described process. As a result, such paper absorbs a
portion of blue light of a wavelength of 430-470 nm. In the
paper making process, the xanthophyll extract of Tagetes
Erecta in a solution is added to paper pulp, which in-
creases the paper’s absorption of the light spectrum of a
wavelength of 470 nm by at least 20%, the increase in
absorption being determined by spectrometry. Said pa-
per characteristics are achieved by adding 1-6 g, pre-
ferably 2-4 g of the xanthophyll extract of Tagetes Erecta
to 100 ml of solvent, depending on the intensity of the
colour of petals, per 1 kg of paper produced in a conven-
tional basis weight of 80 g/m2 or 0.2-0.4%. To obtain said
amount of extract, 2-16 g, preferably 4-8 g of dry matterin
the form of milled petals of Tagetes Erecta is used de-
pending on the intensity of the colour of petals.

[0024] Fig. 1 represents the intensity of light reflected
from a surface of both conventional sheet of white paper
and the paper of the invention containing the xanthophyll
of Tagetes Erecta, namely 2 g of the dye extractin 100 ml
of solvent per 1 kg of produced paper. A respective sheet
of paper was illuminated by a wide-spectrum light, the
light source being a LED lamp having a colour tempera-
ture of 6000°K. As shown in the diagram, the intensity of
the light reflected from the paper of the invention in the
light spectrum range of 440-460 nm is reduced by a half
compared to the intensity of the light reflected from white
paper, while it is comparable to the intensity of the light
reflected from a white sheet in the range of other wave-
lengths. Since the reflected light is not reduced in the rest
of the light spectrum, the illuminance of the paper is
essentially unaffected and the quality of readability is
not affected. On the contrary, as the reflection of light
in the blue light spectrum is reduced, the negative impact
is reduced, which has a beneficial effect on the user.
[0025] Figure 2 shows the reflection of paper of the
invention and the reflection of conventional white paper.
The paper of the invention has a significantly lower
reflection, and hence a higher absorption, than white
paper in the region illuminated by light of a wavelength
of 400-500 nm. The reflection of the two types of paper is
essentially equal in the illumination range with the rest of
the visible light spectrum. This means that the paper of
the invention, to which the xanthophyll dye extract of
Tagetes Erectain a solvent is added, reduces the reflec-
tion of the light spectrum of a wavelength of 400-500 nm,
but does not reduce the reflection of the rest of the light
spectrum, which does not considerably reduce the paper
illumination that could lead to reduced readability. The
reflection of the harmful blue light is considerably re-
duced.

[0026] The added xanthophyll extract of Tagetes Erec-
tamay cause a light yellow coloration of the paper, which,
however, does not cause reduced readability, which has
been determined by measurements of reflection.
[0027] Reduced reflection of blue light from the surface
of a sheet of paper may also be achieved by applying a
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solution containing the xanthophyll extract of Tagetes
Erecta on the paper surface by way of known printing
techniques, such as offset printing or the like. Also in this
case is the xanthophyll extract of Tagetes Erecta ob-
tained by the previously described process of extraction
from dry milled petals of Tagetes Erectain a solvent which
is a mixture of 70% by weight of ethanol and 30% by
weight of water. The solution containing the xanthophyll
extract of Tagetes Erecta is admixed to a coating mixture,
such as natural starch based coating, which is then
applied onto the paper by way of a conventional process
of paper coating. When the coating mixture contains
0.5-3% by weight, preferably 0.8-2% by weight, more
preferably 0.8-1.2% by weight of the xanthophyll extract
of Tagetes Erecta and the coating is applied in an amount
of 2-3 g/mZ2, the reflection of light in the blue spectrum
range is reduced. Moreover, the paper does not exhibit
yellow colouring in an extent that would be disturbing for
use in writing, drawing, reading and the like.

[0028] Adding the xanthophyll extract of Tagetes Erec-
tain a solvent or as a mixture of milled petals and water to
paper pulp to produce paper and also to a coating mixture
does not pose any problem. The dye is evenly and with-
out coagulation distributed in the base mixture.

Claims

1. Paper produced from cellulose fibres, character-
ized by containing a carotenoid dye.

2. Paperofclaim 1, characterized in that the dye is the
xanthophyll dye of the Tagetes Erecta plant, which
absorbs light of a wavelength of 430-470 nm.

3. Paper of the preceding claim, characterized by
containing the xanthophyll extract of Tagetes Erecta
in a solution in such quantity that the paper exhibits at
least 20% absorption in the 430-470 nm wavelength
range of the light spectrum as determined by a con-
ventional spectrographic analysis.

4. Paperofany of the preceding claims, characterized
in that 1 kg of produced paper comprises 1-6 g,
preferably 2-4 g of the xanthophyll dye extract of
Tagetes Erecta in 100 ml of solvent or 0.2-0.4%.

5. Process for making paper as defined in the preced-
ing claims, characterized by comprising a step of

- adding the xanthophyll extract of Tagetes Erec-
ta in a solution to paper pulp, the quantity of the
added dye extract being 1-6 g/1 kg of produced
paper.

6. Process for making paper of the preceding claim,
characterized by comprising a step of
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- adding the xanthophyll dye extract of Tagetes
Erectain a solution to paper pulp, the quantity of
the added dye extract being 1-6 g/1 kg of pro-
duced paper, preferably 2-4 g/1 kg of produced
paper.

7. Process for making paper of any of claims 5 to 6,

characterized in that the xanthophyll of Tagetes
Erecta is obtained by extracting dry milled petals
of Tagetes Erecta in a solvent which is a mixture of
ethanol C,HgO and water, the amount of ethanol
being 50-100% by weight, preferably 60-80% by
weight, even more preferably 70% by weight, the
rest being water, at a temperature higher than am-
bient temperature and lower than boiling tempera-
ture, preferably 40-90°C, more preferably 60-70°C.

8. Process for making paper as defined in the claims 1

to 4, characterized by comprising a step of

- adding a mixture of milled petals of Tagetes
Erecta and water to paper pulp, the mixture
comprising 6-15 g of milled petals of Tagetes
Erecta per 100 ml of water depending on the
intensity of the colour of petals.

9. Process for making paper of the preceding claim,

characterized in that the size of the milled particles
of the petals of Tagetes Erecta is below 250 um.

10. Process for making paper as defined in the claims 1
to 4, characterized by comprising a step of

- coating the paper with a coating containing the
xanthophyll dye extract of Tagetes Erecta in a
solution, the solvent being a mixture of alcohol,
preferably ethanol C,HgO, and water, the
amount of ethanol being 50-100% by weight,
preferably 60-80% by weight, even more pre-
ferably 70% by weight, the rest being water.

11. Process of claim 9 or 10, the coating containing the
xanthophyll extract of Tagetes Erectain an amount of
0.5-3% by weight, preferably 0.8-2% by weight, more
preferably 0.8-1.2% by weight.

12. Process for making paper as defined in the claims 1
to 4, characterized by comprising a step of

- coating the paper with a coating containing a
mixture of milled petals of Tagetes Erecta and
water, the mixture comprising 6-15 g of milled
petals of Tagetes Erecta per 100 ml of water
depending on the intensity of the colour of pe-
tals.

13. Paper product made of paper of the preceding
claims.
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