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Green algae are distributed in various parts of the world and live on rocks and stones in coastal waters. And it is a green algae that 
can be seen in the four seasons in the area where the sea meets the river.Korea has four distinct geographical seasons and uses 
the sea, land, and experimental bottles to observe and investigate the structural colors and characteristics of green algae and the 
transformation of chromaticity in the seasonal environment of nature.Green algae have nine pigments genetically and seasonally 
change color due to UV light and temperature.Green algae (Chlorophyll-a and b) have pigments (green, blue, yellow, white, scarlet, 
red, red, brown, and black).According to genetic information in mitochondria, cell pigments are signal-transmitted, directing and 
determining cell pigments, and the colors of cells are physiologically subject to regular or irregular color synthesis due to UV 
effects.We found that various colors of green algae were followed by chromatic transformation in some environment and conducted 
various observations and experiments.The colorimetric transformation of green algae in the ocean occurs frequently in summer 
seasonally and irregularly when exposed to ultraviolet light at high and low sea levels.On the ground, seasonal changes in the 
chromaticity of green algae appeared regularly, and they sometimes appeared irregularly.Changing from green to white is a strong 
ultraviolet or temperature effect.Green algae turning yellow is the influence of ultraviolet light at the top of the sea water.Green algae 
turning scarlet is white to pink and appears in seawater.The change of green algae to red appears as a transformation of scarlet to 
chromaticity.The transformation of green algae into red purple appears in the transformation and process of red chromaticity.The 
transformation of green algae into reddish brown occurs during the transformation of red purple to chromaticity.The change of green 
algae to brown appears as a transformation of chromaticity from reddish brown.The turning of green algae into black appears to be 
black due to the occurrence of acid volatile sulfide in contaminated seawater.The blue color of green algae appears bright blue as 
moisture evaporates, and in green and blue, they appear blue.The appearance of green algae in purple is attributed to the effects of 
red purple and brown.In other words, the structural colors of green algae can be transformed from light to dark in color and produce 
a variety of more pigments.The main production and study of natural blue pigments over a long period of time is cyanobacterium 
arthrospira (Spirulina) platensis, which is responsible for the production of one of the blue compounds of eukaryotic algae as metal 
oxides, animals, plants and marine microorganisms.Recently, there are indigo dine pigments by extracting pigments of yttrium, 
indium, manganese metal compounds, and bacteria used as cosmetics, which are produced for industrial use as blue 
pigments.Despite this development, there has been no study of blue pigments in marine green algae, and interest in these products 
is very high because there is no stable natural blue pigments in nature.We are the first in the world to identify the structural colors 
and chromatic transformations of green algae as marine life.We developed technology and research on natural pigments in the 
future, enabling the foundation for mass production. This study focused on the characteristics of green algae and the production of 
blue pigments, which can be an important source of blue pigments, along with potential applications in the cosmetics and food 
industries and other industries. 
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Introduction 
Dyes and pigments are colors derived from nature that have been around for centuries and are the foundation of all industries today. 
The dye and pigments industry is an industry that implements color in all industries and is mainly used for a variety of industries, 
including oil paints, ink, paint, plastic, textile, electronics, cosmetics, and automotive industries. Natural pigments are obtained from 
natural plants and include flowers, leaves, fruits, and stems. Inorganic pigments are metal oxides that are produced by reacting with 
emulsions, chloride, and sulfates, including Fe, Zn, Ti, Cd, As, Co, Mg, Al, Cr, In, and Mn. Organic pigments are the first product to 
be synthesized in 1856, and in 1858 when Griess discovered a reaction between diazonium salts and azocoupling, resulting in the 
synthesis of many different azocene pigments, which is today the basis for the synthesis of organic pigments. 
With the development of Brillant Carmane GB in 1903, Lake Red 4R in 1905, Fast Yellow in 1908, and Diazo Yellow in 1911, 
springtime industrialization of organic pigments began. In 1928, new organic pigments of Phthalocyanine Blue Quinacridone, 
Diketopyrrolopyrrole (DPP) were developed. Despite the rapid development of the dye and pigmentation industries today, the toxic 
effects of cyanide compounds on coastal rivers and sea water ecosystems are becoming very serious. 
And as a toxic heavy metal, toxic substances such as arsenic, hexavalent chromium, cadmium, mercury, and lead continue to occur, 
destroying the global ecological environment. 
 

Blue pigments in metal 
Basic Conceptual Society and Source for COBALT BLUE the blue color of the azulejo glaze is obtained from refined cobalt oxides 
from ore containing several different metals and quasi-metals.The cobalt itself, the most common ore, and the cobalt oxide directly 
obtained from them are gray or pink.The blue color of the glaze is the result of the cobalt-oxygen group formed when the chemical 
structure of silica was created in the presence of alkali oxides acting as oxygen sources to form chemical blocks.It should be 
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remembered that blue is not visible in cobalt-rich ore.Cobalt was early Egypt, Persia, Rome... It was found in glass, but rarely.Old 
blue glass beads could be "recycled" and used as pigments for new glass.In the Middle Ages, sources of 1, 2, or three cobalt were 
known in East Asia (one or two in China, perhaps one in Sumatra), but the pigment used in Chinese pottery did not reach Europe.By 
about 1500 years, at least one known pigment in Persia had reached Europe.Iraq could have a second source of cobalt pigment. 
Samarra, where the first tin glaze (from the 9th to 10th centuries AD) was discovered in archaeological context.Before 1500, at least 
two cobalt pigments with different associations.Both had little or no arsenic in their composition, but one of them was high in nickel 
and the other had only a trace of Ni.Nickel content is easier to see.Because it darkens blue in a very undesirable way. Also, the blue 
pigments acquired in the 16th, 17th or 18th centuries to paint azulejos were actually small (at least silica and alkali oxides) 
obtainedbyfir"Cobalt" was not known until the 1700s.Cobalt often occurs in arsenic-bound nature, such as in cobalt tights (CoAsS), 
saflorite (CoAs2) and scooter Ludite (CoAs3). Linnaeite (Co3S4) in Sweden and other regions is an acobalt sulfate that occurs in 
series with polydimite (cobalt is replaced by).Nickel) None of which contains arsenic Most importantly, cobalt-containingor often 
contains nickel, iron, copper, bismuth... Its association with other metals and quasi-metals can be pa                                   
                                                                                                                          
                                                                                            
 

Blue pigment in nature 
Blue is a very noticeable color on Earth. But blue is very rare when it comes to nature.Less than one in ten plants has blue flowers 
and much fewer animals are blue.Blue flowers are rare in plants, but few have green leaves except for a few plants found at the 
bottom of the rainforest. The main reason for this is related to the physics of light. Pigments appear as light colors that reflect without 
absorbing them. The most common plant pigment is green chlorophyll, so chlorophyll does not absorb green light, but rather reflects 
it, so the plant looksgreen. However,plants like blue light because they have more energy than any other light in the 
visiblespectrum.Animals are much more difficult to turn blue.Many pigments in animals come from the food they eat. Soflamingos 
are pink because of the dye they get when they eat shrimp, their favorite food, and goldfish's golden color comes out as 
food. However, as we heard above, animals cannot turn blue through food because plants do not have true blue pigments.Blue is 
obtained from many animals by creating structures that change the wavelength of light instead of mixing orchanging pigments. For 
example, a blue moto butterfly gains color by having its wing scales shaped like a ridge so that the only wavelength the light reflects 
is blue. If the scales are different, the blue color disappears. The only exception in nature is the obrinaolive wing butterfly, the only 
animal known to produce true blue pigments.Today, blue flowers are still highly regarded and many people have tried to grow and 
reproduce perfect blue flowers. But blue roses and carnations could still produce the first true blue chrysanthemum while avoiding us 
in Japan. Blue will essentially continue to be rare.( Posted on August 20 2019 by Sam Le Gallou). 

 
Plant description 
C. tinctoria (L.) A. Juss. (Euphorbiaceae) is an annual herb native to the Mediterranean region, North Africa, Central and Southwest 
Asia. This species is found mainly in limestone along dry, disturbed land, ruthless habitats, recesses, and arable edges. The plant is 
10 to 40 centimeters tall and is ash green and dented (with dense star-shaped fur. The stems are upright, branched, and the leaves 
are misaligned, ovary in the diamond model, cuneiform at the bottom, and wave-shaped at the edges of the leaves. C. tintoria is 
monolithic, with male and female reproductive organs in different flowers, but in the same plant. Flowers are classified as spike-
shaped gunshot wounds, with male flowers at the top and female flowers at the bottom and generally solitary. The male flowers are 
yellow and invisible. The female flower represents a spherical ovary and has no petals. The flowering season is from May to 
September, and the fruit matures between July and October. The mature fruit is a dark green, spherical, slightly laced capsule, 
covered in white scales and 5–8 mm in diameter. During ten, each of the three single seed follicles opens into two valves, and three 
gray to light brown, coarse-textured doran seeds are released in sizes of about 4mm.(References of plants). 
 

 
Fig. 1. Blue colour in flower petals is caused by anthocyanins, which are members of flavonoid class metabol. 

 

https://sciences.adelaide.edu.au/news/author/Sam%20Le%20Gallou
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Fig. 2. Chemical structures of the three main types of anthocyanins. 

 

Molecular basis 
Anthocyanin biosynthesis pathway is now well known and most of the enzyme was characterised. In the formation of blue pigments 
a few enzymes have particularly important role. Those enzymes are especially flavonoid 3'5'-hydroxylase (F3'5'H) and 
dihydroflavonol 4-reductase (DFR). 
The flavonoid 3'5'H-hydroxylase is responsible for introduction of second and third hydroxyl group in the B-ring of dihydrokaempferol 
(DHK) or naringenin which are regarded as main substrates of the reaction. Product of the reaction with DHK is dihydromyricetin 
(DHM), precursor for synthesis of all delphinidin type anthocyanin. Enzyme is a member of cytochrome P450 protein family (P450s). 
It is a very diverse group of heme-containing oxidases, which catalyse NADPH- or NADH-dependent oxidation. F3'5'H was classified 
into CYP75A subfamily.This enzyme this is regarded as necessary for the blue pigment formation. 
Dihydroflavonol 4-reductase is the oxidoreductase that catalyses in the presence of NADPH the stereospecific reduction of the keto 
group in position 4 of dihydroflavonols producing colourless leucoanthocyanidins as a precursor for anthocyanin formation. Enzyme 
can show substrate specificity with respect to the B-ring hydroxylation pattern of the dihydroflavonol and can therefore have an 
influence on the type of formed anthocyanin. For the blue pigment formation, necessary is enzyme, which accept 
DiHydroMyricetin(DHM) as a substrate. Product of DFR reaction with DHM in the following steps of the pathway is converted to 
delphinidin type blue pigments 

 
Fig. 3. Hydrangea with different flower colours. 

 
In 2004, Japanese company Suntory produced a blue rose, named Applause

1
. Further hybridizing advancements, scientific study, 

and possibly further genetic engineering will be necessary toconcentrate these natural genetic factors and cofactors before roses will 
be able to come in deep shades of true blue. 

 
Fig. 4. Blue rose cultivar "Applause. 

 

 
 
 
 

                                                 
1
 https://en.wikipedia.org/wiki/Basics_of_blue_flower_colouration 

 

https://en.wikipedia.org/wiki/Suntory
https://en.wikipedia.org/wiki/Basics_of_blue_flower_colouration
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Pigments by various production methods 
 

 
Fig. 5.Various pigments and production methods. 

 
A wide array of pigmented microbes seen in nature. The abundance of the type of pigmented bacteria is depicted in bars based on 
the available literature. Rainbow bacteria are iridescent. Classification of pigments based on various aspects of biochromes. 
Chlorophyll pigments are not included in the data as they are ubiquitous. HGT: Horizontal gene transfer. 
 

Pigment of marine algae 
Algae contain a variety of pigments.The three main classes of pigments are chlorophyll, carotenoids (carotene and xanthophyll) and 
phycobilis (phycocyanin and phycoerythrin). Phycocyanin and phycoerythrin belong to the main class of phycobilins photosynthetic 
pigments, while fucoxanthin and peridinin belong to the carotenoid group of photosynthetic pigments. Macroalgae and microalgae 
(including cyanobacteria) provide a variety of metabolites, including pigments. 
 

 
 
Fig. 6.Approximate Color regions on CIE Chromaticity Diagram. 
 
Structure of phycobiliproteins 
The phycobiliproteins are antennae protein pigmentsfound in cyanobacteria, rhodophytes,cryptomonadsandcyanelles (Glazer, 
1994). The phycobiliproteinsarepresent as phycobilisomes anchored on the thylakoidmembranes and lie adjacent to the 
photosynthetic reaction centre of the PS II in cyanobacteria and red algae. These chromoproteins are classified into 3 
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groupsbasedon the presence of different chromophoresamongthem (Gantt, 1994; Glazer, 1985; Zilinskas, 1986; Rowan, 1989; 
Sidler 1994; Mac Coll, 1998; Ducret et al., 1998   T                 1                     λ  x480   -570 nm; (2) Phycocyanin 
     λ  x 590-630nm and P                        λ  x 630-665    3  A                A    λ  x 620-665 nm. Core 
ofphycobiliproteinsiscomposed of allophycocyanin fromwhich arise six rods of varying length consisting of phycocyanins to the 
proximal side of the core and phycoerythrins to the distal side of the core. 
 

Features of the nine structural colors of green algae 
The mitochondria of green algae have nine colors of information genetically.The nine structural colors of green algae survive in dry, 
bleached and blackened conditions.Green algae survive above 50 degrees celsius in seawater, and they undergo an irregular 
chromaticity transformation under the influence of UV rays. 
 

What are the features of green seaweed? 
Green seaweed has a main color of green and has eight colors. 
The chromaticity transformation of green seaweed. 

A) Green-Blue-Yellow-White-Pink(Orange)-Red-red Purple-Brown-Black-Green  
B) Green-white-pink-red-purple-brown-black-Green  
C) Green-white-pink-red-purple-brown-Green 
D) Green-white-pink-red-purple-Green  
E) Green-white-pink-red-Green 
F) Green-white-pink-Green, Green-white-Green.  
G) Green seaweed is sometimes changing in chromatic depending on environmental conditions. (Green-brown-Green, Green-

brown-white-Green, Green-blue-Green). 
H) This is when green seaweed is in the upper layer of seawater. 
I) Green-yellow-white-Green. Green-yellow-Green  
J) The various colors return to green even if the color is changed.(Similar to a chameleon). 

 

 
 
Fig. 7. The process diagram for the separation of pigments and transformation of the chromaticity of the nine colors of the green 

algae. 
 

Materials and Methods 
Green algae (Ulvapertusa, prolifera, etc) can be used in aquariums and plastic orafter putting it in a glass bottle, I installed it outside 
where it was exposed to UV rays. Green seaweeds were dried and discolored due to evaporation of seawater during the four 
seasons, and complex pigments were living with irregular color changes regardless of the season. 
 

 
 
Fig. 8.Transformation and Observation of Chromaticity of Green Seaweed Planted in Basil and Period February 2019-May 13. 2021. 
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Fig. 9. This is the process of transformation the chromaticity by putting green algae into the aquarium. As seawater evaporates from 

the aquarium, it is slowly mixed in various colors. It appears in green-sky blue-purple-blue-dark blue and green. 

 
Fig. 10. Under the influence of ultraviolet rays, various structural colors of green algae are transformed in the upper layer. Green, 

pink, red- purple, white, radish-brown are displayed. 
 

Results and Discussion 
 
Mixed colors of green seaweed: Green, red-purple, Blue 
Description of the experiment.This is the blended color of the green algae whose chromaticity has been transformed.After putting the 
dried algae into fresh water, the pigment is slowly discharged from bright blue to blue.Green algae release all of the 
photosynthesized blue pigments. If the algae does not show red-purple, all blue pigments are recovered. 
 

 
 
Fig. 11. The process of naturally separating pigments by putting dark blue green seaweed in the water. 

 

 
Fig. 12. After separating the blue pigment, seaweed is being transformed to green. 

 
The unstable state of the blue pigments.The pigment is reflected in sunlight and looks blue and red-purple. 



Ukrainian Journal of Ecology 

   

Ukrainian Journal of Ecology, 11(2), 2021 

 

 

 
 
Fig. 13. a) Blue b-c) Blue and red-Purple. 

 

Mixed colors of green seaweed: Green, red-purple, blue 
These are the colors of the irregular algae of photosynthesis. In a white ceramic container, add algae and water to separate the 
pigment. As the green pigment was discharged, the blue pigment was discharged afterwards, and they are mixed with each other. 
The blue round line on the ceramic bowl is a blue pigment that has been dried after the moisture has evaporated. 
 

 
 
Fig. 14. Green pigments are being emitted from green and blue and Blue pigments are being emitted. 

 

Mixed colors of green seaweed: Green, red-purple, blue 
 
After placing the dried algae in a ceramic bowl with water, the color of pigment discharge from the algae appears bright green, bluish 
green, and light blue. Their colors are what you see when algae and pigment are present together. If you put the pigment separated 
from the algae into a glass tube, it looks indigo. The pigment appears in indigo and red-purple colors by the refraction of light. 
 

 
 
Fig. 15. a) Dried algae. b,c) A bright green pigment is being discharged. d) Green and Blue. e) Dark bluef. f,g) Photos taken indoors 

and outdoors. Left: Green pigment discharged from "c". Right: Indigo pigment released from "e". h) Indigo pigment and reddish 
purple. 
 

Conclusion 
Due to changes in the global environment and warming, many birds in the oceans and seas sometimes float and migrate. Eco-
friendly pigments can be produced by utilizing the resources that are being disposed of as a resource for life on the planet.The 
pigments of marine algae are diverse and can be utilized as a useful resource to reduce pollution of the ecological environment by 
toxic substances and heavy metals generated from dyeing wastewater produced as chemical products.In addition, until now, 
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education and research in the field of marine algae life science have been very lacking.Teachers who teach marine biology 
education must learn more accurately, and young students learning education are the future protagonists, and as they grow, we will 
continue to practice and protect the life and environment of our planet. 
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