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Abstract

Background Proven toxicity and environmental burdens caused by artificial dyes have motivated dyeing industries
to turn to natural alternatives. Plant-based dyestuffs are an interesting group of alternative crops. Reunion Island
located in the Indian Ocean is the only European region in the southern hemisphere. It has a great number of assets
to find new molecules in the abundant plant biodiversity. However, the dye-producing plants diversity in this island
had not been documented to date.

Methodology The assessment of the Reunion Island’s plant biodiversity through the “PLANTIN" project allowed us

to establish here the first ethnobotanical inventory of plants growing on Reunion Island which may have promising
properties as a new alternative source of dyes or colorants for the industries. First, an ethnobotanical survey focused
on the uses of plants traditionally used in dyeing was conducted on local stakeholders. Then, the importance of dif-
ferent criteria (e.g., endemicity, accessibility and cultivability, plant organs used for the extraction, industrial interests
of the species, etc.) has been considered to establish a classification method of the species, to finally select the most
interesting plants which have been further harvested and investigated for their coloring property and dyeing applica-
tion on natural fibers.

Results The results showed that local people have accumulated traditional knowledge of dyeing plants, but that
this approach had been discontinued in Reunion. The uses of 194 plant species potentially rich in dyes or pigments,
belonging to 72 different families, with diverse botanical status (endemic, native, introduced or alien-invasive species)
have been recorded. Then, 43 species were harvested and their coloring property were investigated. It demonstrated
that dyes extracted from promising species, e.g., Terminalia bentzoe, Weinmannia tinctoria, Thespesia populnea, Eryth-
roxylum laurifolium, Morinda citrifolia, Leea guinensis, Ochrosia borbonica, Danais fragrans, Terminalia cattapa, Casuarina
equisetifolia, and Coccoloba uvifera, amongst others, could be used as new textile dyes. Their efficacy in the wool and
cotton dyeing has been successfully demonstrated here.

Conclusion These plant-based dyestuffs showed promising coloring properties with different shades that could
meet industrial application requirement. It's an area that could promote local cultural inheritance, create opportunity
for business and farmers, and that can make a significant contribution to preserving endangered native species by
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supporting reforestation schemes. Additional researches are in progress to evaluate the safety of these plant-based
colored extracts, their chemical composition and biological activities.

Keywords Ethnobotany, Reunion Island, Dye plants, Pigments, Natural colorants

Introduction
The hazardous effects of artificial dyes on human health
like carcinogenic or mutagenic activity [1], and the con-
tamination of the environment caused by wastewater dis-
charged by dye industry [2] led the industries to search
new sustainable and less harmful dye sources [3]. Natural
dyes are more environment-friendly than artificial dyes
and may have biological benefits [4]. Therefore, the nat-
ural dye market segment has emerged and has become
increasingly important in global financial markets and
linked with other important global issues. The global
dyes and pigments market size was estimated from US
dollars (USD) 29 to 36 billion in 2021, whereas the global
market of naturally derived dyes and pigments (mineral
and organic pigments) was valued at USD 5 billion, i.e.,
from 14 to 17% of the value of the global market [5]. The
European market of natural dyes and pigments is valued
at USD 1 billion in 2021, and the plant-based dye and
pigments represented 70% of this European market in
terms of financial income, i.e., USD 559 million. France,
the third largest European producer of naturally derived
dyes and pigments, after Germany and Italy, has a pro-
duction of 49.4 million euros (9% of the entire production
of natural dyes and pigments in this European market)
[5]. However, despite the high demand from consumers,
the natural dye industry faces some technical and sourc-
ing issues. The application of natural dyes remains lim-
ited because of their somewhat restricted color range,
low levels of color-fastness compared with artificial dyes,
low levels of purity, low yield, instability and sensitiv-
ity to many environmental conditions, the raw material
availability and the high cost of their production [6]. To
overcome these limits, researches for more sustainable
products should involve the development of environmen-
tally friendly production processes and the exploitation
of new alternative sources of colorants, such as microbial
pigments which become interesting by their sustainable
production, biodegradable and coloring properties [7, 8].
Some plants are excellent raw materials for producing
natural colorants as they have a great amount of water-
soluble dyes or plant pigments, like dye plants such as
indigo and madder [9], while others just don’t seem to
have enough pigments. Dye-producing plants possess
a wide spectrum of utilization and they are an interest-
ing group of alternative crops, providing that they will
be cultivated and exploited in a sustainable way [6].
Some natural colorants, such as carotenoids, flavonoids,

hydroxyanthraquinones, etc., extracted from plants are
promising dyestuffs and have regained popularity in a
wide range of industries. They are widely used as coloring
bioactive substances in several manufactured products,
including textiles, cosmetics, food, pharmaceutical, plas-
tics, paint, ink, paper and electronics (e.g., for dye-sensi-
tized solar cells) industries [4, 9, 10] due to their optical
properties and additional biological (e.g., antioxidant,
antibacterial, antiviral, and antifungal) activities [11-13].
Thus, the coloring property as well as the added nutri-
tional or therapeutic potentialities of some plant-based
dyes and pigments make the biomaterials an important
agricultural operation that have the potential to face the
challenges of substitution of artificial colorants with the
colored biocomponents extracted from different plant
parts (seeds, fruit, flowers, stems, barks or adventive
roots).

Dye plants can be found in a wide range of vegetation
types, growing areas and climates, like in temperate for-
ests and tropical forests. The sustainable exploitation of
selected dye plants would make it possible to palliate cer-
tain diseases and environmental pollutions induced by
the use of artificial colorants, to improve the agricultural
income of the local populations practicing its culture, to
create opportunity for business and farmers, and to offer
to the selected dye-plant species a visibility for agricul-
tural valorization of their extracted colored biocompo-
nents [14].

From that perspective, Reunion Island located in the
southwest of Indian Ocean is a good candidate as it
counts among the world’s top biodiversity hotspots with
an endemic rate approximately of 40% [15]. Its plant
biodiversity results from the colonization of species
from Madagascar, Africa, Asia, India and Australia. For
instance, many indigenous species from Reunion Island
have been demonstrated to have medicinal properties
and around 20 species have recently been incorporated in
the French pharmacopeia [16]. Nevertheless, to the best
of our knowledge, the dye-producing plant species diver-
sity in Reunion Island had not been documented to date.
No specific data are available on plants potentially rich in
dyes or pigments in this island.

Hence, this original research study aims, for the first
time, to inventory all the dye-producing plants or plant
species potentially rich in dyes or pigments from the
endemic, native, introduced and alien-invasive plants
growing in Reunion Island. Firstly, an ethnobotanical
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survey focused on the uses of plants traditionally used for
dyeing in Reunion Island was conducted. Then, we devel-
oped an assessment scoring system that used different
criteria to evaluate and assign each plant a “dye score,” to
finally select the most promising species which have been
further harvested from eight growing areas in Reunion
Island and investigated in detail for their coloring prop-
erty and application in textile dyeing.

Materials and methods

Study area

Reunion Island (55° 3’ E and 21° 5’ S), with Mauritius
and Rodrigues, is one of three islands that composes the
Mascarenes located in the southwest of Indian Ocean.
It is the only European region in the southern hemi-
sphere. Reunion Island is a French overseas department
and divided into 116 municipalities. The population is
mainly composed of people originated from France,
Africa, Madagascar, India and China. This is a relatively
small tropical island, approximately 2500 km?. Economic
activities and about 80% of the population are located in
the coastal lowlands due to the rugged topography of the
island which was created two million years ago by the
emergence of a submarine volcano. This particular for-
mation has been considered as the main factor that give
to this island the high endemism of growing plant and
animal species [15]. Almost 40% of the territory belongs
to the National Park, which was established to preserve
and conserve the terrestrial biodiversity.

Exploration of the Reunion island dye plant species
biodiversity

The ethnobotanical survey of the dye plant species bio-
diversity of Reunion Island was conducted by botanists
of the Conservatoire Botanique National des Mascarins
(CBNM) in Reunion island. A literature review was
conducted by consulting the available documents on
the history and plant diversity of Reunion Island at the
University of Reunion and the CBNM libraries. The
works of Boullet et al. (1886, 2020) in “Index des Tra-
cheopytes” [17], Jacob de Cordemoy (1895), the “Flore
des Mascareignes” written by Bosser et al. (1935, 1998,
1999, 2011) [18-20] or Lavergne (1990, 1994, 1996) [21,
22], amongst others, allowed us to inventory most of the
Reunion Island dye-producing plant species or plant spe-
cies identified as potentially rich in dyes or pigments.
Several online documentation and database focused on
ethnobotany, chemistry, biodiversity, dyes and pigments
or medicinal plants have been as well consulted. Further-
more, all the information obtained from the reviewed
literature has been combined and supplemented by
information obtained from the ethnobotanical sur-
vey of Reunion Island’s dye plants conducted by a team
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leaded by Christophe Lavergne from CBNM. This sur-
vey from January 2021 to November 2022 relied on the
local peoples and stakeholders who have a good knowl-
edge of the history and culture of Reunion Island includ-
ing local dyers, farmers, small cosmetics manufacturers,
botanists, etc. Ethnobotanical data were recorded via
face-to-face interviews in the local language (Créole) or
French, depending on the interviewee. The questionnaire
concerned the knowledge of the traditional uses of some
plant species as coloring materials, and the survey ena-
bled us to inventory additional plant species traditionally
uses in Reunion Island for natural dyeing. Ten questions,
listed below, have been asked to each stakeholder: “1/Do
you know any dye plants, i.e., plants that are sources of
pigments or dyes? 2/Are you familiar with natural dye-
ing? Yes/No 3/1If yes, which ones do you know? 4/Accord-
ing to you, which ones have been traditionally used in
Reunion Island? 5/According to you, what are the parts
of the plant used for each species? 6/In your opinion,
what are the collection methods and have these plants
been cultivated? 7/According to you, what are the extrac-
tion methods and preparations that were or are currently
used for dyeing? 8/What are the different applications
where dyeing from plants has been used: tanning, dyeing,
medicinal use, food, crafts? 9/Was there a trade of the
extracted substances and if so, according to which eco-
nomic model? 10/Do you know any references or litera-
ture sources or people describing dye plants?”

Scoring and evaluation of the most promising plant
species for coloring applications

Following the assessment and survey of dye plant biodi-
versity, we developed an assessment scoring system that
used different criteria to evaluate and assign each plant
a “dye score” to determine the most promising plant spe-
cies from Reunion Island for coloring applications. Using
a scientific approach to the dye score, we established
eight criteria and four indexes, which can be described
as follows. The first six criteria (criteria 1 to 6) are based
on empirical knowledge collected from the literature
review and ethnobotanical survey of the considered plant
species. The other two criteria (criteria 7 & 8) are based
on laboratory experiments using a standardized, eco-
friendly extraction process of dyes from the raw materials
as previously described by the authors [14]. Each crite-
rion is ranked on a scale from 1 to 10, where 1 is the low-
est score meaning that the plant species has no or very
weak interest related to this criterion and 10 is the high-
est, indicating that the species exhibits great potential
related to this criterion. We have classified each criterion
according to the “dye score” ranking definition developed
in Table 1.
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Criterion 1 (C1) represents the “endemicity level” of the
considered plant species on Reunion Island. On a scale of
1 to 10, the lowest score 1 was given to exotic and intro-
duced species; 3 to the native and cryptogenic plants; 7
to the Mascarenes regional endemic species in the Indian
Ocean; and 10 was given only to the Reunion Island
endemic species.

Criterion 2 (C2) represents the scientific knowledge
currently available on the considered plant species. As
this assessment and survey of the dye plant species biodi-
versity of Reunion Island is intended to be innovative, the
highest score 10 was given to the plant species which are
still unknown to the scientific community (i.e., including
those that are undescribed or are described but other-
wise data deficient in literature). The lowest score 1 was
given to perfectly described species with botanical and
chemical data (known pigments, etc.). The intermediate
scores 7 and 3 were given to relatively described species,
with or without known information on coloring proper-
ties of the species.

Criterion 3 (C3) evaluates the accessibility and avail-
ability of the considered plant species in Reunion Island.
Taking a conservation bio-diversity-centered approach,
critically endangered, rare and/or protected plants that
are difficult to access were given the lowest score 1.
A score of 3 was given to the unprotected species that are
accessible in protected areas with authorization; 7 to spe-
cies that are abundant in the wild; and 10 to species cur-
rently cultivated in Reunion Island.

Criterion 4 (C4) represents the cultivability. A score
of 1 was given to plants that are very difficult to grow;
3 to potentially cultivable but slow-growing plants; 7 to
known cultivable plant; and 10 to the currently cultivated
plants.

Criterion 5 (C5) ranked the botanical parts used for
pigment extraction on a scale of 1 to 10, privileging the
most renewable parts of plants. Thus, a score of 1 was
given to the whole plant or the trunk, the harvesting of
which would most likely kill the plant; 3 to the adventi-
tious roots; 7 to the barks, fruits and flowers; and 10
when the leaves are used for coloring applications.

Criterion 6 (C6) ranked the industrial interests and
known applications of the plant species, where 1 was
given to the plants without any other known interests or
uses (apart from their tinctorial interest); 3 to plants with
one or two other known uses; 7 to the plants with three
of four other uses; and 10 to the plants with more than
five other known interests or uses.

Criterion 7 (C7) evaluated the color and stability of
the dyes and pigments extracted from the plant species.
Some colors are more interesting than others in terms
of industrial applications, so they were assigned a higher
score. A score of 1 was given to colorless extract obtained
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from the standardized dye extraction described below; 3
to the common brown, black, or beige hues or for a non-
stable color; 7 to red, orange and yellow hues; and 10 for
stable and unusual colors like blue, green and pink.

Criterion 8 (C8) rated the yield and difficulty of extrac-
tion. The highest score of 10 was given to dyes and pig-
ments that were extracted easily and efficiently using
the eco-extraction method with water and ethanol as
solvents; 7 to plants containing pigments that are easy
to extract with a mixture of water and ethanol but with
a low yield (<extraction yield mean value for each col-
lected plants part, w/w); 3 to plants containing pigments
that are insoluble in a mixture of water and alcohol, or
pigments that are difficult to extract using this sustain-
able process and therefore require non-eco-compatible
organic solvents; and 1 to dye plants that need a transfor-
mation to express the coloration (i.e., by mordanting or
fermentation).

Finally, four indexes were further calculated based on
these eight criteria: (1) The “Endemicity index” (Iend)
was calculated by multiplying criterium C1 x C2; (2) The
“Cultivability index” (Icult.) was calculated by multiply-
ing criteria C3 x C4; (3) The “Industrial extrapolation
index” (lind.) was calculated by multiplying criteria C5 x
C6; and (4) The “Coloring strength index” (Icol.) was cal-
culated by multiplying criteria C7 x C8. We have clas-
sified each index according to the “dye score” ranking
definition developed in this study. Given that the hues,
the yields and the difficulty of the color extraction were
the most important criteria for coloring applications in
industries, the “Coloring strength index” was counted two
times more than the other indexes for each plant species
final “dye score” This “dye score” is calculated using the
following formula:

(Iend. 4+ Icult. + Iind.) + (Icol. x 2)

Dye score =
Y 5

(1)
where Endemicity index (lend.)=C1*C2; Cultivability
index (Icult.)=C3*C4; Industrial extrapolation index
(lind.)=C5*C6; Coloring strength index (Icol.)=C7*C8;
and Cl1 is the endemic status, C2 is the scientific knowl-
edge, C3 is the accessibility and availability, C4 is the
cultivability, C5 is the botanical parts used for pigment
extraction, C6 is the Industrial interests and other known
applications of the species, C7 is the color and stability of
dyes and pigments extracted, and C8 represents the yield
and the difficulty of the color extraction.

Plant material collections

Around 60 interesting dye plant species selected from
our assessment scoring system have been further har-
vested in different areas of Reunion Island as shown in



Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

Fig. 1. The collection of plant species growing in pro-
tected areas or territories of the national park has been
validated by the competent authorities under the author-
ization N° DIR/SEP/2021/144 and DIR-1-2021-335. Iden-
tification and conservation of each species harvested
have been made by botanists of the CBNM. Voucher
specimens have been deposited in the herbarium of the
CBNM. The CBNM collection form was used for the
traceability of each collection. Depending on the species,
adventitious roots, barks, stems, leaves, flowers, fruits or
lianas were collected. The harvesting was done accord-
ing to good practices in order to reduce adverse effect
on the plants. For example, in the case of bark and roots,
a part was scraped off and then pine tar was sprayed on
the cut to avoid external contamination. The quantity of
fresh material to be collected varies according to the part
of the plant concerned. Thus, the ideal proportions to be
collected to ensure a sufficient quantity of fresh material
for pigment extraction were estimated at 500 g for barks
and roots, 1 000 g for leaves and flowers, and 2 000 g for
fruits. Plant organs were collected from three different
trees or shrubs from the same geographical and geologi-
cal area, and they were then mixed to constitute one rep-
resentative collection batch. The collection was repeated
three times.

Each collection batch undergoes various pre-treat-
ments before pigment extraction, including cutting, dry-
ing and grinding. All samples were firstly cut into small
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pieces. Two different drying methods have been used:
freeze-drying (Labconco freezone2.5) used in the case of
fruits (due to high moisture content and nutrients that
may favor the development of molds during slow dry-
ing), and for drying leaves, bark or roots with low mois-
ture content, the drying was carried out at 45 °C using
a climatic chamber (Memmert HPP410) with a relative
humidity controller set at 10% in order to achieve a slow
drying process to avoid damage on the plant like brown-
ing and chemical reactions, due to a high temperature.
Duration of the drying process varies according to the
initial moisture content, generally ranging from a few
days to a week. Then, the sample was coarsely ground
with a mill (Retsch SM100) and finely ground with a lab-
oratory mixer (Kinematica Microtron MB550) to finally
obtain a powder that will be kept away from light and
humidity at 4 °C before the extraction stage.

Pigment extractions and evaluation of coloring properties
of the plant-based dyestuffs

Pigment extraction have been performed using the
methods described previously by the authors [14].
Briefly, a pressurized liquid extraction (PLE) under
nitrogen was applied with a mixture of ethanol and
water (70/30, v/v) by using an accelerated solvent
extractor (ASE™ 350, Accelerated Solvent Extrac-
tor, Dionex). About 10 g of dry plant materials are
mixed with diatomaceous earth to fill a 34 ml ASE cell.

xa
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Fig. 1 Map of Reunion island, with some plant collection points (1: Ravine des Colimacons, 2: Notre Dame de la paix forest, 3: Mare Longue forest, 4
Piton Partage, 5: Tremblet, 6: National Botanical Conservatory of the Mascarene, 7: Cilaos, 8: Etang-Salé) (Source: Google map)



Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

Conditions were as follows: temperature, 45 °C; pres-
sure, 110 bars; three cycles with static extraction time
of 3 min; purge time 2 min; and flush volume 100%. The
procedure was performed three times under repeatabil-
ity conditions. Then, the crude extracts were concen-
trated on a centrifugal evaporator (Genevac EZ2+) at
45 °C under vacuum, resolubilized on a small volume
of the same extraction solvent to be finally lyophilized
(Labconco freezone2.5) during 48 h in order to generate
crude dry color extract in powder (i.e., the plant-based
dyestuff) for pigment extraction yield calculation. All
extracts were kept at 4 °C until further use.

To check the coloring property of the dry color
extracts, the sample was dissolved on the same sol-
vent used for the extraction at different concentra-
tions, i.e., from 1.0 to 32 mg/mL of dry powder extract
in solution, to show the evolution of the shade of the
sample by their color value measured in the interna-
tional CIELab color system in terms of L* (lightness),
a* (greenness versus redness), and b* (blueness versus
yellowness). The color coordinates were analyzed using
a spectrophotometer (Konica Minolta CM-3600A) with
10 mm pathlength quartz cuvette, combined to the
color data software SpectraMagic NX (Konica Minolta)
for data analysis.

Furthermore, optical density of the sample has been
measured with a spectral scanning from 200 to 800 nm
by an UV-visible spectrophotometer (Thermo Scientific
Genesys 10S). The same solvent used for the extraction
and dilution was used as a blank. To check the solubility
in water and the stability of the colored extracts toward
pH and temperature variations, materials were dissolved
at 4 mg/ml in Britton-Robinson water buffer solutions of
pH 4, pH 7 and pH 10, and then exposed to different tem-
peratures from 25 to 95 °C using a water-bath. The expo-
sition time was from 4 to 24 h.

Then, the dyeing property of the plant extract has
been checked for bath-dyeing wool and cotton fibers
with different mordants: 1-potassium alum + potas-
sium bitartrate mordant; 2-aluminum acetate mordant;
3- aluminum acetate mordant+ tannins (gallnut); 4- alu-
minum acetate + ferrous sulphate mordant; 5- aluminum
acetate +tannins  (gallnut) +ferrous sulphate mor-
dant; 6-aluminum acetate mordant+ash lye+ sodium
carbonate.

Statistical analysis

The statistical analysis for each experiment was per-
formed using analysis of variance (ANOVA) and
expressed as mean=standard deviation of three rep-
licates. The procedure was followed by Duncan test to
determine the statistical significance (p <0.05).
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Results and discussion

Ethnobotanical survey of plants traditionally used

in natural dyeing on Reunion Island

In mid-1600 s, the Reunion Island was first settled by
French colonist. They bring slaves from Madagascar,
Africa India, and Asia to work first in cane and coffee
plantation. Slaves brought with them some medicinal and
other plants traditionally used in their country. Progres-
sively, many new plant species were introduced by peo-
ple from all walks of life. People bring some traditional
knowledge and know-how notably in the field of dyeing
textile from Madagascar [23, 24], and some dye-produc-
ing plants were probably introduced at that time. The
evolution of indigenous species, far from their region of
origin, led to the emergence of several endemic species
[25]. In this study, the assessment of the Reunion Island’s
plant biodiversity through the “PLANTIN” project
(co-funded by European Regional Development Fund)
allowed us to establish the first ethnobotanical inven-
tory of plants growing on Reunion Island which may have
promising properties as a new alternative source of dyes
or pigments for the industries.

Local people from Reunion Island has accumulated tra-
ditional knowledge of dyeing plants and their uses over
the years. This approach had been discontinued in Reun-
ion, in comparison with Madagascar, where a rich ances-
tral knowledge of dye plants has been described and
transmitted from generation to generation [6, 14, 24]. The
oldest trace of the uses of dye plants in Reunion Island
seems to come from Indigofera plantations in the north
of the island, which was abandoned a long time ago. The
uses of Curcuma longa locally called “saffran péi” have
been cited several times during the survey. Considering
that this plant is very present in the Indian culture, it is
not surprising to see the extent of this plant in different
uses in Reunion Island including natural dyeing as his
history is attached in great part to the Indian culture. The
third most famous dye plants in the island is the famous
endemic species Weinmannia tinctoria Sm., locally called
“Tan rouge” (red “tan”) [26]. While bark of this last spe-
cie was cited several times in the literature review and
during the ethnobotanical surveys as used traditionally
for tanning application in Reunion, no scientific data are
really available on its utilization for tanning applications
over the world. Furthermore, there is evidence that this
natural dyeing with plant-based textile dyes has not been
abandoned uniformly in Reunion Island, particularly in
recent years. Craftsmen and small companies working in
textiles have tried to reintroduce dye plants from some
alien-invasive species in Reunion Island into their dyeing
process (i.e., for the formulation of traditional dye baths
in hot water). For instance, “WHOLE,” “Kouleur local,
and “Nuance de Couleurs” are examples of companies



Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

that are recently working on natural dyeing from some
Reunion Island’s dyestuffs of plant origin. As the reuse of
alternative sources of colorants including dye plants has
grown considerably these last decades, this new trend
can contribute to the conservation of some species as the
example of Weinmannia tincoria. Actually, W. tinctoria
was famous for its dyeing properties and known by most
of the local population. Due to its non-use, it has been
replaced by other species and has been considered as an
endangered species lastly by the International Union for
Conservation of Nature (IUCN). This a great example of
the loss of some traditional knowledges in Reunion Island
and the importance of its conservation as it can also pre-
serve some species to not disappear. If it will be used as
dyeing sources or for further uses in the following years,
it’s sure that it will be planted again by local population
or even in industrial scale.

From the literature review and ethnobotanical surveys
focused on uses of plants traditionally used in dyeing
and conducted from local elderly informants between
January 2021 to November 2022, a list of 194 plant spe-
cies (72 botanical families, and 157 plant genera) with
diverse botanical status (endemic, native, introduced or
alien-invasive species) have been inventoried. The entire
list of 194 plant species can be found as Additional file 1:
Table S1. It demonstrated the potential of these plant
species as new sources of water-soluble dyes or pigments,
including the endemicity, the IUCN (International Union
for Conservation of Nature) and/or the protected sta-
tus of the species in Reunion Island, the accessibility,
the cultivability, the plant organs used for the extraction
process, the colors that may be extracted, the scientific
knowledge, the industrial interests and current uses of
these plant species, amongst others. Dye plants inven-
toried here include 34 endemic species, 22 native and
cryptogenic species, and 138 introduced species (includ-
ing 37 alien-invasive species) which may have promising
properties as new alternative crops for producing bioac-
tive dyes and pigments for the industries.

The uses of endemic plant species in Reunion Island
potentially rich in dyes or pigments

A total of 13 endemic plant species to Mascarenes, 12
plant species strict endemic species to Reunion Island
have been mentioned as having potential traditional uses
as sources of dyestuff materials. The botanical infor-
mation and the coloring properties of all inventoried
endemic plant species in Reunion Island potentially rich
in dyes or pigments are described in Table 2. Some of
them were mentioned in the literature as plants formerly
used in textile dyeing, e.g., tanins extracted from wood
of Indigofera ammoxylum [27] and Foetidia mauritiana
[28], tanins from barks of Weinmannia tinctorial [26,
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29, 30], Mimusops balata [26], and Terminalia bentzoe
subsp. bentzoe [26, 30] bluish-brown colors from fruits of
Bertiera borbonica and Bertiera rufa [21], and pigments
from stem and leaves of Psychotria borbonica [22, 26, 30].

On the other hand, the traditional uses of some
endemic plants as textile dyestuffs have only been iden-
tified from the ethnobotanical survey conducted here,
such as the uses of bark of Ochrosia borbonica (locally
called “bois jaune”—yellow wood), the barks and stems
of Erythroxylum laurifolium, the flowers of Hypericum
lanceolatum, the leaves of Latania lontaroides, the bark
of Monimia ovalifolia, and Sophora denudata, amongst
others.

Some of these endemic species are classified by the
International Union for Conservation of Nature (IUCN)
as Vulnerable (VU), Endangered (EN), or Critically
Endangered (CR). For example, eight endemic species
inventoried here are protected in Reunion Island by
local environmental legislation, e.g., Indigofera ammoxy-
lum (CR), Foetidia mauritiana (CR), Ruizia cordata
(CR), Latania lontaroides (CR), Terminalia bentzoe
subsp. bentzoe (CR), Aloe macra (EN), Sophora denu-
data (EN), and Ochrosia borbonica (VU). Interestingly,
L. lontaroides and T. bentzoe subsp. Bentzoe—both clas-
sified as CR by [IUCN—are two species widely available
and easily cultivated in Reunion Island. Thus, they may
have promising interests as local sources of natural dyes
or pigments for the industries. Edible fruits of L. lontar-
oides contain oil seeds with very similar composition to
that of the edible palm oil [31] but the coloring properties
of the species have never been described in the literature.
Barks of T. bentzoe subsp. bentzoe have interesting bio-
logical properties like antioxidant and cytotoxic activities
[32]. The barks of this plant are rich in tannins and can
be used to dye natural fibers with a black or yellow color,
depending on the mordant used during natural dyeing
[18, 26, 30, 33].

On the other hand, the bark of the endemic species
O. borbonica has been exploited without a sustainable
policy and almost led to the extinction of this species in
the Mascarenes. This plant species has been used by local
population for its medicinal properties against malaria
and fever many years ago. Only a few trees have been
recently inventoried in Reunion Island and the species
are locally protected. The health benefits of O. borbon-
ica have been proven by the most recent pharmacologi-
cal research [34—37]. Thus, the bark of O. borbonica can
produce a yellow dyestuff rich in bioactive alkaloids with
therapeutic activities. It would be interesting to relaunch
the study on public and/or private partnership refor-
estation projects with this promising but endangered
plant, O. borbonica. It may led to the conservation of this
highly-valued species rich in bioactive yellow dyes.
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Furthermore, even if the species W. tinctoria is classi-
fied as endangered in some parts of the world by IUCN,
this tree is not locally protected and very common in
Reunion Island (in the wild and private gardens). It is
used as an ornamental plant. The plantation of this spe-
cies has resumed recently to support the specific honey
production from Reunion Island called “miel vert” (green
honey). The bark of W. tinctoria has been used for its
dyeing properties to dye leather in red color a long time
ago. It is a source of tannins [29]. However, very limited
information is available on the coloring properties and
dye composition of the dyestuffs extracted from bark of
W. tinctoria, and it may become an important and inter-
esting topic for future research on natural dyeing from
tropical dye plants.

Finally, other recorded endemic species, not protected
and widely available in the island (Table 2), such as fruits
of Olax psittacorum (locally called “corce rouge”), Berti-
era rufa, Erythroxylum laurifolium, Hypericum lanceola-
tum, Monimia ovalifolia, Weinmannia mauritiana, etc.,
also represent an interesting group of alternative crops
for natural dyeing application, if they will be exploited in
a sustainable way by local population.

The uses of native plant species in Reunion Island potentially
rich in dyes or pigments

All the inventoried native and cryptogenic plant species
in Reunion Island potentially rich in dyes or pigments are
described in Table 3. Among the 23 species listed below,
many of them are also growing in Madagascar [6, 9, 24]
and inventoried as dye-producing plants, as the example
of Thespesia populnea Danais fragrans [9], and Morinda
citrifolia [48-50]. The cryptogenic species T. populnea
(Malvaceae; locally called ‘Porché’) is widely and easily
cultivated in Reunion Island, and should be used as an
efficient alternative source of reddish natural dyestufts [6,
51-54]. D. fragrans (locally called ‘Liane jaune’—yellow
liana) and M. citrifolia (noni, or locally called ‘malaye’)
are native plant species from the Rubiaceae family. The
uses of roots as sources of anthraquinonoid dyes are
common in this botanical family (like the case of the
famous Rubia tinctorum) [55]. The species M. citrifolia is
widely available and easily cultivated in Reunion Island,
whereas D. fragans is a relatively rare species in the wild,
but the roots of these two Rubiaceae plants could be used
for natural dyeing properties (yellowish to orangish-red)
6, 49].

The native species Leea guineensis (Vitaceae; locally
called ‘Bois de sureau’) is a tree that is very common in
wetlands in Reunion. Its rapid growth and strong regen-
eration capacities make it an invasive plant in the wild.
The barks of this species are rich in flavonoids, tannins
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and terpenes [6], and they could produce red dyes with
tinctorial property. The same applies to terminal bud and
leaves of the native cultivated species Pandanus utilis
(Pandanaceae; locally called ‘Vacoa’) which contain bio-
active components [56] and could produce yellowish and
greenish textiles dyes according the ethnobotanical data
recorded here.

Furthermore, other inventoried native species (today
not cultivated in Reunion, but easily accessible in wilder-
ness area and not protected) should also be promising
for natural dyeing application, such as liana of Cassytha
filiformis (Lauraceae) for orangish-yellow colors; flowers
and roots of Mussaenda arcuata (Rubiaceae) for orang-
ish-red shades; barks of Pemphis acidula (Lythraceae)
and Securinega durissima (Phyllanthaceae) for reddish
shades; barks of Antirhea borbonica (Rubiaceae), leaves
of and Phymatosorus scolopendria (Polypodiaceae) for
greenish colors; or leaves and fruits of Pteridium aqui-
linum (Dennstaedtiaceae) for black shades. However,
additional studies are necessary to confirm the pigment
properties and tinctorial strength on natural fabrics of
these uncharacterized tropical plants.

Introduced and alien-invasive species in Reunion Island
potentially rich in dyes or pigments

Actually, Reunion Island contains several microclimates
where the pedological properties and the climates vary
from one area to one another. It explains that a multi-
tude of species and botanical family of plants with well-
known dyeing properties are able to acclimatize to this
island. Nevertheless, unlike the history behind dye plants
sectors in Madagascar, this field of natural colorants and
pigments have never been really developed in Reunion
island. Traces of industrial plantation and uses of Indigo-
fera tinctoria have been quoted during the ethnobotani-
cal survey in the north of the island. Unfortunately, it has
been replaced by other crops because at that time, natu-
ral colorants didn’t have the current importance in the
world market. 138 introduced species potentially rich
in dyes or pigments have been listed, and most of them
are cultivated in the island (see Table 4). Most relevant
examples of the introduced cultivated plants rich in dyes
or pigments are Curcuma longa [69, 70], Selenicereus
undatus (syn. Hylocereus undatus; called ‘Pitahaya’) [71],
Lawsonia inermis [72], Terminalia catappa [73, 74], Hae-
matoxylum campechianum [75)], and Casuarina equiseti-
folia [76, 77], amongst others. The species C. longa and
S. undatus are widely cultivated and used in the island
for local foods [69, 70]. Interestingly, according to the
ethnobotanical data recorded here, a large number of
alien-invasive plants in Reunion are potentially rich in
dyes or pigments, such as Leucaena leucocephala (78],



Page 14 of 26

(2023) 19:8

Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

JlPey
A|[eUOISEID0 pajeA (SouaiedSRN (nod) wnjpiadp
[6S] pu  -RyNd‘erusweulQ pu SoAeT 1 “Bepey) aAneN  ausneb ap siog IVIDVANIAYS uojAxoipiog
Buidedspue|
pue JusWeuIo
10} pa1eAR|ND
'S3sN [eUIPaW ‘(je> boer
- p-u ‘leIUSWRUIO S4ep ‘MOJ|9A SIeq ‘sanea D1 -ldohued) anieN 9112ule,p siog IVIDVANIAYS  DSOISIA babuopog
Jusuleulo ‘(eISY ‘S9|]9Y2
10§ paeAnno -A3S “Bepein) 5109 sop 2a )
[S9 '¥9] sujueA>0YIUy ‘S9SN [PUIPIIA an|g SuNni4 aa olusboldAi)  sulsl‘uleu BOdBA  JYIDVTIAOHISY  DIjOjIsua pjjaubig
A|jeuols
-BD>20 PaleAlNd
'SasN [eudIpaW ‘(‘Bepepy S19d (we)
67 6] plououind ‘lRIUBWIBUIO pal-ysibueln 300y D7 ‘SniNep) aAleN aunef auer IvIDVIINY supibpyy sppupg
(duIsionai
‘auljejoidouow
‘aulpizijoliAd) pajeAlnoun (leoidonued) 2ue[eI0ID
€972 splojed|y ‘syueld o1xo| pu pu VN dluabo1dAID  ‘UoseW pUOI S|Od IVIDVEY4 1 Dsnial bupjpIos)
splou pa1eAlNOUN SAISeAUL {(|BD 7
(€919l -One|} 'Splojey|y ‘sasn [eupIpaly Mok ‘ysibuelQ euer J1  -ldosued) anneN inojeinoj suer IVIDVENYT  SILLOfIfY DYIASSDD
HCEIENRIENN
'SaUIeDSEI
Ajjeuols eJle[li[e}p)
QuLyIbue ‘sulu -e2D0 PI1RAIYND “Bepe| ‘edupy uuag (Jyep)
[z 9] -Up) ‘SpPIOUOAR|4 ‘S9SN [RUIPSIA MOJ|A  ieq 'Wials ‘SaneaT 1 -don 35) anneN 921029-abuey) IVIDVIOTHAY  Stwiogiayl biojydy
sjosAdenay
‘suadianly Ajjeuols
‘sjouayd ‘splou  -e220 PaleAI|ND ‘(sniuney 1ed [oWD 4 poIUOq
[09-85'17] -OAB|} ‘splojed|e ‘S9SN [RUDIPIIA ysiusaio YIeq ‘saAea J1  -sebepep) anleN 0150,p slog IvIDVIINY -10q YUy
A||UOISEDD0 P31RA {(soiow0) oue|q JYIDVHL  Wweqasuaupispb
- pu - -[jNd{[PIUSWRUIO pu pu 1 “Bepey) anneN 11ged 3p siog -NVYTIAHd  -bppw bwsapiuy
(sauiddijiyd pue
pajeAlndun eulYD 'S 0} ‘Hepepy SzZuny (|Yep)
[£8] pu 'S3sN [RUIPIN MOJ|2A S1001 ‘SI9MOA 1 ‘ed1yy J) aAeN - IVIDVITIO  DIOYIISSas D123y
‘(snilnepy uog o
A||UOISEDD0 Pa1RA ‘uojungy “bepey (Weq X3 "wwoD)
- pu - -jNd {[PIUSWRUIO pu pu bl ‘edlyy) oAneN  uedulal ap siog JYIDVOINT  DIjojIps DIsLpby
snjejs
|eanyjnd pue «(Me] youauy)
‘suonedjjdde pue Snjejs uol3d9loid
sjusuodwod  s3asn euonipesy 3 sau0bale) sweu
sadUdIRYDI PRI urepy umouy]  padnpoid 10j0) suebuo jue|d ISPy NDNI  [9A9] LAadIWSpUT  J|NDBUIAA [BD0T Ajiwey saads

syuawibid Jo sahp Ul you Ajjerrusiod puejs| uolungy e uj saidads jue|d dlusboidAid pue aaleN € ajqeL



Page 15 of 26

(2023) 19:8

Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

Buidedspue|
pue JusWeuIo
10} pa1eAIIND

'Sasn [eudIpawW ‘(anokepy “Bepey JVIDVHL [PWD T bwis
[o¥] p-u ‘lerusweulQ ysippay des “syieg ] “Jedse|) dAIEBN inp sjog -NVTIAHd  -SHnp bbaulin3as
splojey|je ‘suiu pa1eAlNduUN SAISBAUL JVIDV uyny| (1) wnu
[29] -Ue) ‘SPIOUOAR|{ S9SN |euldipaul 3oe|g SUNJY 'SoARST J1  {(dowsod) aaneN 3|b1e 219604 -1A3VISNNIA -ljinbo winiplald
Ajjeuols {(pIS9UA|Od pUB ulIaS did (3} wnig)
-eDD0 PIIRAYND 15Ny 01 elsy ‘doly DpLpUadoj0ds
[s7] saujuodes S9SN [RUDIPIN ysiuaain S9AR bl 'BD1UJY) SAIEN piezgl-aned  3vIDVIAOJATOL SNI0SOILWIAYY
sasodind
UOBAIDSUOD 15104
10} pa1eAn|nNd ‘(je> D13 1SI04 YT
- pu ‘leyuswleulQ pay syleg 7] -ldonoajed) anieN J0[91eW Slog IVIDVHHLAT piNpiD siydwayg
Huidedspue)
10} pue sasodind
J1UOUO0D J0)
pa1eAI}ND ‘sasn FENCET (sauaied Klog
[95] p'u  Pooj‘|eIUsWRUIQ U930 ‘MOJ|9A ‘spng [eUIWID L bl -Se|N) dA1eN 20ODBA JYIDVYNYANYI Sij1N sSnubpubLy
Buidesspuey
pue JusWeulo
10} pa1eAl|ND (CEVEIRNEIN
- pu ‘leyuawieul pu S9ARI ] “Bepe) aABN  dUe|g dAI0,P SIog J¥IDVII0  We basup) b3jo
Ajjeuols {(eouy
-e2D0 PaIRAIND “Bepey ‘soualed 1104 biondip
[99 9] pu S9SN [RUIPIN paJ-ysibuein SI9MOY4 's100Y ] -Se|A) 9ABN 2jed anbur] IvIDVIGNY bpuaDssNyy
Ajjeuols
-eDD0 PaIRAYND
plououinb ‘piou 'SasN [eUDIPAW Oy
[05-8v] -oney ‘jousydAjod pue pood MO|9A '9bueIQ 5100y ad -edopul) aAneN Iuou ‘oAejey AvIDVIGNY 1 DI[OJ1II2 DPULIOKY
Buideospuey
pue JUsWeUIO
10} pa1eAIND (sniuney
sauadJal ‘suju 'Sasn [eupdIpaw “Bepely ‘eduy uog o
[9] -Up} ‘SPIOUOAR|4 quaweulQ pay syleg bl ‘doi) aaneN neains ap siog JYIDVLIA sISuaauINb D3]
{(sauaJedseln
pajeAlndun “243S ‘soJowoD)
- p-u ‘leyuaweulo pay POOAN ] “Bepe|y) aAleN abnos aydnoyy JVIDVHOW |YeA bignJ snoi4
snjels
|eanyjnd pue «(me] youauy)
‘suonedijdde pue Snjejs uol3d9loid
syjusuodwod  sasnh jeuonipes 3 sali0bajed aweu
S3DUIRYDI pPAD urepyy umouy  padnpoud Jojo) suebio jueld 1SI7 P9y NDNI  [9A9] A1dDIWSpUT  JBJNDRUIAA [BDOT] Ajweq sapads

(panunuod) € ajqey



Page 16 of 26

(2023) 19:8

Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

591106912 15117 PaY NN«

P3UIWIRIBP 10U PU ‘XJ PUB PIM Y1 Ul 1DUlIXT MT ‘Paisbuepul Ajjeonud ¥D ‘paiabuepul T ‘O|qeiauinA N ‘paudlealy] JeaN N ‘uidduod 1ses D7 qusdys ereg gg ‘palen|ea3 10N IN

splojey|e Huidedspuey
‘sauadial ‘sulu pue JUSWIEUIO paieAlnd (jed 22110
-Up) ‘SPIOUOAR} 10} pa1eAl|ND umolq Yieq -idosued |e1seoD) X3 70S () baujn
[89 7S 2516 9] ‘sjouaydAjod 'S3SN |eUIDIPAIN 1461 01 pay 'SISMOY} ‘SN aa d1usboidAid 9Ud10d JVIDVATYWN -dod pisadsay |
Huidedspue)
pue JUSUIBUIO
10} pa1eAR|ND pa1eAI}IND (3520
|oyd ‘S9SN [eUIPRW [euoibai ‘dongns [[9XA14 ()
- -ede|‘sauouinD ‘leIUBWRUIO pu Sane3| Hyleg pa123104d/N3  pue doi]) anieN 1eA 'eAON IVIDYAIVIN - Wwinadoii npdiog
snjels
|ean3nd pue «(Me] youauy)
‘suonedijdde pue Snjejs uol3d9loid
sjusuodwod  sasn jeuonipesy 13 sau0bale) sweu
S3DUDIDYDI PAD) utepy umouy  padnpoud Jojo) suebio jueld 1SI7 P9y NDNI  [9A9] A1dDIWSpUT  JB|NDRUIDA [BDOT] Ajweq sapads

(panunuod) € ajqey



Page 17 of 26

(2023) 19:8

Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

(1eosebepe|y)
pazijeinieu Inabekon uuos SIsualpISpb
/ pu USWeUIO asionbin| 1N YN ‘P91BAIND USlY NP 2IgJe ‘S|euaney JYIDVIZLTILS -DPOW DJPUIADY
BuppIompoom
Sploua ‘AIe1aIp 21Ny nd (I1zeug)
-104BD ‘S2ljouayd pa|j0luodun SAISBAUl pUB aulges wnu
[88] ‘sulueAd0YIUY 'sasn eupIpay ysippay 1INJ4 ‘POOAN VN Pa1eAI}ND US| 131nefoD) JYIDVINAN  -DASIDD winipisd
15104
(Puejeaz MmaN) DI2718I04 YT
/ pu  39IX31 qusweuln MOJ|9A 1ue(d 9]0y N P31eAI}ND U Sule|ap eOdBA  JYIDVIIAOHISY  XDual wnjwioyd
IMop
pOoOMB1Y LU3PPOJ (PDLBWY [RAUSD) (‘we) bpydad
(/8] sujuue| 'S3sSN [RUPIPA pu S9ARI VN DAISEAUL UBI|Y 15580 J¥IDVEVS -02N3] bUADINI]
SUILNDIND Aleialp (e1puy)
[98 ‘58] ‘sjouaydAjod 'S3sSN [RUPIPAN MOJ|RA ieQ awoziyy VN P31BAI}ND USIY sAed-ueyes  JyIDVYIIONIZ T bbuoj bwndind
QUIAW
-e1aq ‘ausjouldial Bul
'9UIBD-E  }IOMPOOM 3pId)] uoQ
‘QuawiAd-d  -Dasul jio [pluasse 100D ysayy (ueder) ‘g (3 7) boruodpf
/ ‘Quauldial 'sasn |eupIpay 0oude Jaddod S9ARI VN P21eAI}ND US| eupwoldAlD  3vIDVssIYdND DLAWOIAAID
Buryiompoom (|eJon) ued
‘suipluedoyiue  Aieialp ‘sasn |eul 3wy JlueRY) 7(7)
[¥8] ‘suiueAdoyuy  -dIpaW JUIWRLIO ysiading S9AR3| 1INI4 N P31BAI}ND UIY W ap uUIsiey  JYIDYNODAIOd  DIdjiAn bqojo20)
(eI1Sy 1583 awn|g (S9aN 119
Alealp -UIN0S) SAISeAU S9IN) HIuUDLWING
(€8] |osuiog-g 'sasn eupIpay pay FEI-E YN ‘P91eAIND Uy d|]puued || IVIDVYNY] wnwowpuu)
(etuop
-9eD-M3N pue
uoJIsoId e|[essny “1| oyd
yoeaq 1surebe -edopuy) aAIseAul i)
[£2'9/] auyense)  ‘poomaly Bulekq UMOIQ uld SaAR3)| yleg YN ‘P21eARND Ul oe|l4  IVIDVYNIYVNSYD -H3sinba bulpnsp)
suouinbelyiue (eDUBWY |}
‘sujuuel ‘spunod 1UsWeulo SIaMmoyy -U3D) puUe 0JIX3A) Uiy 13 YooH snd
l6/] -W0d d1jouayd 'sasn eupIpay U210 ‘UMOIg  PUB SUIDIS ‘SaAeT VN DAISRAUL UBI|Y auobiuesuer]  JYIDVNOOAIOd  -0idoj uouobnuy
poomaiy
uipiueAooyy ‘2inyndinoy 32B|q ‘UMOI] (eljesisny) PIIM 30
[c8'18] -ueoud ‘sujuue] 'sasn [eupIpaly  ‘Aa16 juid ‘Moj oA spod “yleg VN SAISRAUL UBI|Y eoedy JvIDVavH 1ISUIDaW DIDDIY
2Inynd (elueWw
sujuuRy ‘pIo|  -1J0Y ‘UoIIeI01S) SIaMoYy -se| ‘eljelisny) esowiw U
[18°08] -eyj|e ‘plouoAe|4 'S3SN [RUDIPAN soelg ‘spod “yleg VN SAISeAUL UBIY ‘Ia1ulag epedY IvIDVaVS DIDGIDAP DIPLIY
snjeys (mey
|eanyjnd pue ydouai4) smeis
‘suonedijdde pue uold9l0Id B
sjusuodwod  sasn [euonipesy salobaie) (uiblio jo uoibai) sweu
FERITEYEIEY RO p) ulepy umouy  padnpoud Jojo>) suebio jueld 117 P33y NDNI SNjejs [eI9USD  JBJNDRUISA [BD0T] Ajiweq

syuawibid 1o saAp Ul Yo Ajjeirusiod puejs| uolunay e uj sa1dads Jue|d SAISeAUl pUe Pa1RAINND USJJe JO sajdulex] ¢ ajqel



Page 18 of 26

(2023) 19:8

Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

19U3D) ‘s1NeH

13ppoysabpay (edoun3) Sop paeuldsz
l6] SIYNIEIETg| MOJ|9A 3Jed SI9MOH VN SAISRAUL UBI|Y ‘adoun3,p duoly JvIDvav4 1 snapdoina xan
Bulyiompoom
‘poomaiy (Apeys) (131 dyPedopuy)
JUaWeulo ‘Aleialp Pa1eAI}ND (;D1Usab 7]
W/ '€/ 9] 'S3SN [RUPIPSIA ysiumolg leq ‘sones VN -01dA1D) ualy Jalwepeg  3yIDVLIYGNOD  bddpivd pipuiwiia]
Aeaip ‘ainynd (eisiefey
p3||0Juodun -opu|) pa1eAl|Nd S|99%S ()
[69] 'Sasn [euPIPay  YsImol|ak ‘9jding 1N VN 'AISBAUL UDI|Y uojquier JYIDVIYAN  Juiwind winibAzAs
sabpay (eDHRWY WUNH 'Yq
EIYHVETE S JS[= ETo) |edidou]) sAiseAul (mep) snippun
(L] 's3sN [RUDIPAA 9|dind ‘pay N4 VYN ‘pa1eAnnd ually eeyelld IYIDVLOVD NUEYERIIETEN
snjels (me]
|eanyjnd pue yduai4) sniers
‘suonedijdde pue uold30id B
$3sn |euolypesy salobaje) (uiblio jo uoibai) aweu
S3DUIRYBI PAD umouy]  padnpoud Jojo) suebio jueld 117 P9y NDNI SNJe)s [eI9USD  JBJNDBUISA [BD0T] Ajwey

(PanuNUOd) ¥ 3jqey



Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

Antigonum leptopus [79], Acacia dealbata [80], Casu-
arina equisetifolia [77], etc.

First selection and characterization of some promising dye
plants in Reunion Island

Based on different criteria, like endemicity, scientific
knowledge, accessibility and availability, cultivability,
plant organs used for the extraction, and the industrial
interests and other known applications of the species,
we established a classification method to finally select
the most interesting and widely available dye plant spe-
cies listed above. From this first collection of Reunion
Island’s dye plants, we valued endemic and native dye
plants because of their value to the extension and conser-
vation of the Island plant biodiversity, and also for their
potential as a locally available resource that can lead to
regional economic development. Thus, 15 endemic and
13 native species (i.e., 58% of the endemic and native
species inventoried below) have been harvested from
different growing areas in Reunion Island. The results of
our laboratory experiments in terms of extraction yield
and coloring properties (shade, solubility and stability) of
the colors that have been extracted from each dye plant
harvested, as ranked by their ‘dye score, are described
in Table 5. Some colors are more interesting than others
in terms of industrial dyeing applications, thus we val-
ued rare/special colors (e.g., blue, magenta, pink, cyan,
mauve, black...) as well as yellow, orange and red shades
which are sought in the dyeing industries to replace syn-
thetic azo dyes. Moreover, the colors extraction yield
from the plant organs, and the capacity to obtain stable
water-soluble dyes extracted easily and efficiently using
eco-extraction method at low temperature with water or
aqueous ethanolic solution as solvents are also two main
factors contributing to the success of the industrial use of
the considered plant-based dyestuffs.

The species Thespesia populnea sets itself apart by its
high dye score of 60 (from a scale of 1 to 100). This is the
highest dye score obtained among all the endemic and
native plant species inventoried in this study (Table 5).
First, a value of 9 was attributed to the endemicity index
(criteria C1*C2; Tab.1) considering that T. populnea is a
cryptogenic species in Reunion and few information is
available on the coloring properties of the flowers and
fruits of this species [51, 54, 68]. However, only little
information is available on the dyeing properties of the
barks analyzed here, and the nature of the pigments from
the red barks is not established. The cultivability index
(criteria C3*C4; Tab.1) was scored at 100 because T. pop-
ulnea is easily cultivated in the island, and the industrial
extrapolation index (criteria C5*C6; Tab.1) presents the
value of 49 because the barks are used to extract the dyes,

(2023) 19:8
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and this plant species has other industrial interests in
Reunion island (e.g., medicinal uses). Then, the coloring
strength index, based on the criteria C7 (color and sta-
bility of dyes and pigments extracted) and C8 (yield and
difficulty of color extraction), is the highest among all the
plants investigated here. Indeed, T. populnea is character-
ized by the reddish bloody color of its bark extract (with
the highest red a*-value of+55.1 in the CIELab system
among all the color extracts analyzed) with a promis-
ing extraction yield of 12.8 kg per 100 kg of barks (dry
matter; dm.) obtained after a solid/liquid eco-extraction
using ethanol and water mixture (70:30, v/v), and a high
pH and temperature stability of the extract containing
reddish water-soluble dyes (Table 5).

Red color is one the most used color in the industries.
Even if sources of reddish colors are already available in
the market like carminic acid from Dactylopius coccus or
bixin from Bixa orellana, the research of other natural
sources are still in demand because the actual colorants
in the market don't really offer the bright red color that
their artificial counterparts offer. Thus, our results dem-
onstrated that barks of T populnea, as well as the dyestuff
extracted from barks of Weinmannia tinctoria (a*-value
of +47.8; yield of 16.9 kg per 100 kg dm.; dye score of 56),
barks of Leea guinensis (a*-value of +42.4; yield of 16.8 kg
per 100 kg dm.; dye score of 50), barks of Pemphis acidula
(a*-value of+30.7; yield of 11.6 kg per 100 kg dm.; dye
score of 49), barks of Erythroxylum laurifolium (a*-value
of +48.7; yield of 6.1 kg per 100 kg dm.; dye score of 48).
Roots of Morinda citrifolia (orangish-red color; a*-value
of 4 35.5; yield of 13.8 kg per 100 kg dm.; dye score of 44)
offered promising color extracts containing water-soluble
dyes which give a bright red or orangish-red coloration
at low concentrations (from 2 to 8 mg/mL) (Table 5). The
wavelength of maximum absorbance obtained around
500 and 550 nm in visible confirms the reddish color
given by these selected plant-based dyestuffs. These red
colors may come from different chemical classes of natu-
ral dyes like tannins, proanthocyanidins, flavonoids, alka-
loids, anthraquinones, etc. (Tables 2, 3). Furthermore, the
reddish colors of T. populnea, W. tinctoria, L. guinensis,
P acidula, E. laurifolium and M. citrifolia extracts can
be considered as highly stable considering that they are
able to support a wide range of pH (from 4 to 10 in water
buffer solutions) and temperature (from 25 to 95 °C) with
no significant variation; only an instability (discoloration)
to acidic pH was observed for the extract of M. citrifolia
roots.

Natural source of orangish and yellowish colorants are
the second most used colorants in the dye industries.
With red and blue, yellow is classified as one of the pri-
mary colors. Even if many sources of yellow colors are
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Table 5 Colors obtained from endemic and native dye plants in Reunion island as ranked by their dye score

L . CIELab coordinates L Dye
Scientific name Collection Parts Extraction yield (kg Colors Dye or Stability (pH and Y
of species area used per 100kg of dm.) obtained of the color extract pigment? temperature) score
(at 8 mg/ml) ° (1-100)
. B L:35.5; a:55.1; bi61.1 ‘Water -soluble . o e
Thespesia populnea Saint-Leu Barks 12.8+0.5 - (reddish) dye High pH/T® stability 60
. . Stems+ L:46.1; a:18.6; b:75.7 Water -soluble Stable to T, not to acidic
Thespesia populnea Saint-Leu Leaves 124+03 - (orangish-brown) dye oH 60
. . . L:32.9; a:39.2; b:56.3 Water -soluble Stable to T®, not to acidic
Thespesia populnea Saint-Leu Fruits 8.4+0.2 - (orangish-brown) dye pH 60
Weinmannia Notre-Dame de L:45.8; 2:47.8;b:77.4 Water -soluble . o L
tinctoria la Paix Barks 16.9 £1.9 - (reddish) dye High pH/T® stability 56
. . . L:60.0; a:42.4; b:64.6 Water -soluble . o epalmili
Leea guineensis Colimagons Barks 16.8 £2.0 - (orangish-red) dye High pH/T® stability 50
. . 5 L:58.4; a:30.7; b:58.0 Water -soluble . ° .
Pemphis acidula Vincendo Barks 11.6 £2.6 - (orangish-red) dye High pH/T® stability 49
Erythroxylum . - L:42.4; a:47.6; b:70.8 Water -soluble ) N
laurifolium Basse Vallée Barks 6.10.2 (reddish) dye High pH/T® stability 48
Erythroxylum . L:38.5; 2:48.7; b:65.9 Water -soluble . ° L.
lanrifolism Basse Vallée Stems 5.1+0.9 - (reddish) dye High pH/T® stability 48
Ochrosia borbonica Colimagons Barks 155405 - [:67.1;220.5; 6947 Water -soluble High pH/T® stability 46
(yellowish-orange) dye
Ochrosia borbonica Colimagons Stems 135417 - L:73.4;2:17.2:0:96.9  Water -soluble High pH/T® stability 46
(yellowish-orange) dye
Ochrosia borbonica Colimagons Leaves 249427 L:74.8; a:8.6; b:82.4 insoluble Low pH/T® stability 46
(yellowish-brown) pigments
Morinda citrifolia Trois-Bassins Roots 138424 - L:35.4; a.3.5.5, b:60.6 Water -soluble Stable to T°, not to acidic 44
(orangish-red) dye pH
. N L:67.4; a:24.7;b:93.4 Water -soluble Stable to T°, turn red in
Danais fragrans Basse Vallée Roots 15.1 0.6 - (yellowish-orange) dye alkaline pH 44
Pandanus utilis Vincendo Leaves 127203 - L:S(gg'f; a: -2.3; b;(‘;’S © insoluble Stable to pi, not to 44
Pemphis acidula Vincendo Stems 50409 - L:53.12329;b:788  Water -soluble High pH/T® stability 2
(orangish-red) dye
. L:54.8; a:10.2; b:75.9 Water -soluble . o .
Aloe macra Colimagons Leaves 18.5+0.2 - (brown-beige) dye High pH/T® stability 42
Taliparit tiliaceum Saint-Leu Barks+ 84205 18.3; 2:3.9; b:47.2 (pinkish-buf " 216" soluble Stable to pH, not to )
stems dye temperature
. . . L:52.2; a:24.6; b:70.7 Water -soluble . o L
Leea guineensis Colimagons Stems 8.2+0.4 - (orangish-red) dye High pH/T® stability 41
Terminalia bentzoe Colimagons Barks 314421 L:75.4; 2:7.5; b:67.4 Water -soluble High pH/T® stability 40
(yellowish-orange) dye
Erythroxylum Basse Vallée Leaves 153413 - L:60.5;,2:24.0; 995 Water -soluble High pH/T® stability 38
laurifolium (yellowish-orange) dye
. . . . L:52,2; a:13,4; b:79,1 Water -soluble Stable to T®, not to acidic
Cassytha filiformis Saint-Leu Lianas 7.9 +1.7 - (orangish-brown) dye pH 36
Monimia ovalifolia Notre-Dame de Barks 88402 - L:58.4;221.8;b:78.7  Water -soluble Low pH/T® stability 36
la Paix (orangish-brown) dye
Seryrif:ega Colimagons Stems+ 1.7+1.4 : :75.2; a:3.4; b:61.4 (yellowish-  Water -soluble Stable to T®, not to acidic 34
durissima leaves brown) dye pH
. o .
Securinega Colimagons Barks 55405 - 71.2; a:16.4; b:SL8 (terracotta Y217 -soluble - Stable to T?, not to acidic 34
durissima dye pH
359:2:11.6: b- ish- ins o i
Taliparit tiliaceum Saint-Leu Leaves 13.543.0 :35.9; a:11.6; b:59.7 (greenish- mmluble Stable to T s turn red in 34
dark) pigments alkaline pH
Antirhea borbonica Basse Vallée Leaves 212411 L:84.1;2:-85;,1:572  Water -soluble Stable to pH, not to 33
(greenish-brown) dye temperature
-64.7- 2:0.4: b: ishe R o i
Previdium aquilinim Entre-Deux Leaves 202417 -4.64.7, a:0.4; b:85.7 (greenish-  Water -soluble Stable to T ’, turn red in 3
brown) dye alkaline pH
Hypericum Cilaos Flowers 375416 L:89.6; a: -_5.3; b:37.0 Water -soluble Stable to pH, not to 3
lanceolatum (beige) dye temperature
Sophora denudata Plaine des sables Barks 24.0£0.1 18.3; a:7.7; b:57.3 (beige-orang W"‘e'f"luble Stable to pH, not to 3
lye temperature
Sophora denudata Plaine des sables  Leaves 18.847.8 - 8375246 bSO (greenish- - insoluble Low pH/T® stability B
rown) pigments
. Notre-Dame de L:65.9; a:7.8; b:90.6 insoluble o -
Bertiera rufa la Paix Leaves 13204 - (yellowish-brown) pigments Low pH/T® stability 30
Foetidia mauritiana Colimagons Leaves 1.240.3 - L:(i;‘]; ?:ﬁ'?‘; b:77.3 ".'SOIub]e Stable to pH, n:| to 29
Phymatosorus Mare Longue Leaves 20.240.9 - :72.9; a: -1.0; b:86.6 (greenish- insoluble Stable to pH, not to 2
scolopendria brown) pigments temperature
Weinmannia Sainte-Rose Leaves 20.040.5 L:89.3; a: -6.7; b:42.8 insoluble Low pH/T® stability 2
mauritiana (greenish-brown) P
Foetidia mauritiana Colimagons Fruits 8.140.6 ! L718;a:-4.5b:45.7  Water -soluble Low pH/T® stability 27
(greenish-brown) dye
Weinr.nfznnia Sainte-Rose Stems 16.2 402 L:90.5;Va: -2.6;b:13.4 Water -soluble Stable to pH, not to 27
mauritiana (beige-brown) dye temperature
Weinmfmnia Nolre-Da_me de Leaves 18.143.0 - L:70.6; ;:4.9; b:79.6 iqsoluble Stable to pH, not to 25
tinctoria la Paix ( h-bi p p e
Psiadia anchusifolia Plaine des sables  Leaves 8.6£0.6 - L:Z“; a: -23; ‘”5)8'9 insoluble Low pH/T® stability 25
Psiadia callocephala  Plaine des sables =%V 76403 - 1:63.2; a:5.0; b:81.4 insoluble Low pH/T® stability 25
+ stems (gr h-by
Psiadia dentata Colimagons Leaves 272433 83.7;2: 4.6, b:48.0 (greenish-  insoluble Low pH/T® stability 2
brown) pigments
Olax psittacorum Entre-Deux Barks 15404 L:75.7; a: 6;b:62.3 Water -soluble Stable to pH, not to 24
(orangish-brown) dye temperature
Mussaenda arcuata Basse Vallée Roots 2.1£0.5 33.2; a:2.2; b:36.7 (beige-browt Water -soluble Low pH/T* stability 22

dye

Page 20 of 26



Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

(2023) 19:8

Page 21 of 26

Table 6 Colors obtained from some alien cultivated or invasive dye plants in Reunion island (as ranked by their dye score)

CIELab
Scientific name of Collection Parts Extraction yield Colors ::::::‘::;Zsr Dye or Stability (pH and Dye
i k 100 kg of dm. i i 2 score
species area used (kg per 100 kg ofdm)  gbtained extract pigment? temperature) (1-100)
(at 8 mg/ml)
Selenicereus undatus _Qalé : L:50.4; a:75.1; b: - Water - Low pH/T® stability
(syn. Hylocereus undatus) Etang-Salé Fruits 56,3 44,3 - 21.6 (pinkish) soluble dye (turn violet in alkaline pH) 58
. L L:63.3; a:24.9; b:60.3 Water - . o L.
Casuarina equisetifolia Tremblet Barks 10.4 +0.6 - (orangish-red) soluble dye High pH/T® stability 53
1:60.2; a:42.4;
X . X ; y Water - High pH/T® stability (zurn
Curcuma longa Saint-Joseph Rhizomes 8.7+24 - b.]02’,38r;g;1)0w to soluble dye ved in alkaline pH) 52
L . . Red L:65.0; a:15.5; b:88.2 Water -
Terminalia catappa Saint-Pierre leaves 20.7+04 - (yellowish-orange) soluble dye Stable to pH 46
. Plaine des L:55.2; a:36.2; b:79.7 Water - . o .
Acacia dealbata Sables Barks 13.6 0.2 - (orangish-red) soluble dye High pH/T® stability 46
. Plaine des L:58.6; a:28.3; b:74.7 Water - . o L
Acacia dealbata Sables Stems 74203 - (orangish- brown) soluble dye High pH/T® stability 46
" [ L:67.4; a:23.8; b:66.5 Water - High pH/T® stability (red
Coccoloba uvifera Etang-Sal¢ Barks 12718 - (reddish) soluble dye more intense in alkaline pH) 44
. [ . i 1:79.6; a:8.6; b:40.1 Water - . o .
Coccoloba uvifera Etang-Salé Fruits 13.1 +1,5 . (pinkish-orange) soluble dye High pH/T® stability 44
. . L:61.4;2:6.7;b:72.8 Water - . o L
Coccoloba uvifera Etang-Salé Leaves 15.1+1.3 - (vellowish-brown) soluble dye High pH/T® stability 44
. - . L:58.9; a:20.1; b:62.6 Water - . ol
Antigonum leptopus Saint-Leu Stems 16.2+0.4 - (orangish-brown) soluble dye High pH/T® stability 40
Ficus carica Cilaos Barks 6.9+0.4 L:80.6; ;1.:_5'7; 0:607 Igsoluble High pH/T® stability 39
(greenish-brown) pigments
Cinammomum . L:75.8; a:-0.9; b:67.7 Insoluble . ° ..
burmanii Etang-Salé Leaves 21.1£1.4 (yellowish-brown) pigments High pH/T* stability 38
. L:61.5;a:-3.3; b:91.5 Water - . o o
Leucena leucocephala Terre Sainte Leaves 24.4 0.7 - (greenish-yellow) soluble dye High pH/T® stability 36
. L . . L:85.8; a:2.0; b:14.5 Insoluble
Syzygium cumini Colimagons Fruits 38.0+3.9 (pale beige) pigments Stable to pH 34
Psidium cattleyanum Cilaos Fruits L:83.9;2:08; b:25.7 Ir?soluble Stable to pH 33
(pale beige) pigments
. . Plaine des L:53.8; a:0.7; b:81.1 Water - ° L
Acacia mearnsii Sables Leaves 27408 - (greenish-brown) soluble dye Low pH/T® stability 30
. s L:70.0; a:3.3; b:46.1 Water - . o L
Casuarina equisetifolia Tremblet Leaves 45403 (brown) soluble dye High pH/T® stability 30
Phormium tenax Plaine des Leaves 31.7£13.4 L:70.0; a:3.3; b:46.1 Ir?soluble Stable to pH 30
Cafres (brown) pigments
Plaine des L:61.7; a:0.8; b:82.5 Water -
Ulex europaeus Sables Leaves 16.9 £1.6 - (greenish-brown) soluble dye Stable to pH 30

proposed in the market like curcumin or carotenoids
(lutein...), the main limits of these colorants are their
low stability. Our results indicated that many dye plant
species from Reunion Island contain orangish and yel-
lowish dyes. These colored molecules can be alkaloids,
flavonoids, quinonoids, etc. Three plant-based dyestufts,
namely barks and stems of Ochrosia borbonica (b*-value
of +-94.7; yield of 15.5 kg per 100 kg dm.; dye score of
46), roots of Danais fragrans (b*-value of+93.4; yield
of 15.1 kg per 100 kg dm.; dye score of 44), and barks of
Terminalia bentzoe (b*-value of+ 67.4; yield of 31.4 kg
per 100 kg dm.; dye score of 40) give a bright yellowish-
orange color (yellow at low concentration and orange in
concentration of 8 mg/ml or greater) (Table 5). Stabil-
ity characterization performed on these color extracts
demonstrates a high stability toward temperature and
pH of O. borbonica and T. bentzoe extracts, and a high
stability specially toward temperature for D. fragrans
extract; interestingly, this last extract turns red in alkaline
pH (Table 5). Compared to commercial Reseda luteola
extract, a common dye plants used in European coun-
try as a yellow colorant, the color stability of these above
interesting sources of yellowish-orange colorants from

Reunion Island is very promising for dyeing applications.
This current study offered a real choice of new natural
sources of yellowish-orange dyes that remain stables.

Then, greenish-brown, orangish-brown, yellowish-
brown, beige, or pale beige-orange colors were obtained
by the others endemic and native species harvested in
this study (Table 5). For instance, the leaves of Pandanus
utilis (yield of 12.7 kg per 100 kg dm.; dye score of 44)
produce a pale greenish extract at low concentration,
but give a bright greenish-dark color at a concentration
of 8 mg/ml. The color remains greenish a few days later
both in acidic and alkaline medium. This property is very
uncommon for pigments extracted from green leaves
and it will be of interest to analyze the chemical classes
of the pigments extracted. The leaves of Talipariti tilia-
ceum (yield of 13.5 kg per 100 kg dm.; dye score of 34)
also give a greenish-dark color extract of interest for dye-
ing application. Interestingly this greenish-brown color
turns red in alkaline pH, and the same applies to leaves
of the species Pteridium aquilinum which give an intense
red in alkaline pH. Furthermore, from a mixture of barks
and stems of the native species T. tiliaceum, an original
pinkish-buff shade was obtained.
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T. populnea W. tinctoria

on wool:
on cotton:

1:alum+
potassium
bitartrate
mordant

2 : aluminium
acetate
mordant

3 : aluminium
acetate
mordant +
tannins

4:(2)+
ferrous

sulphate
mordant

5:(3)+
ferrous
sulphate
mordant

6:(2) +ash
lye + sodium
carbonate
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E. laurifolium
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L. guinensis

M. citrifolia

Fig. 2 Natural wool and cotton dyeing by bath-dyeing process utilizing the reddish color extracts from T. populnea, W. tinctoria, E. laurifolium, M.
citrifolia, and L. guinensis. Six different mordants were added in the dye-bath (1-6)

Finally, a selection of 15 introduced cultivated or alien-
invasive species in Reunion Island, among the 138 alien
species inventoried below (Table 3 and Additional file 1:
Table S1), have also been harvested and characterized
in this part of the study. Main results in terms of extrac-
tion yield and coloring properties (shade, solubility and
stability) for these introduced species are summarized
in Table 6. Water-soluble dyes with various shades were
obtained according to the dye plants, like pink-violet
from fruits of Selenicereus undatus (cultivated), yellow-
ish-orange shade for rhizomes of Curcuma longa (culti-
vated), leaves of Terminalia catappa (cultivated), stems
of Antigonum leptopus (invasive), barks of Casuarina
equisetifolia (invasive) or fruits of Coccoloba uvifera (cul-
tivated), and greenish shade for leaves of Leucena leuco-
cephala (invasive). The Reunion’s forest is a remarkable
reserve of plant biodiversity, and the most promising
dye plant species (endemic, native, alien cultivated or

invasive) may be used in dyeing application for the indus-
tries subject to their successful application for coloring
textiles, food or cosmetics.

Bath-dyeing applications on natural fibers of dye plants
from Reunion Island

Textile industry is a huge industry and this is crucial to
change the way textiles are designed to an eco-friendlier
production by using natural textile dyes [10]. Proven tox-
icity and environmental burdens caused by artificial azo
dyes and related hazardous substances applied for tex-
tile dyeing, especially in Asia—Pacific region (China and
India), have motivated consumers and industrials to turn
to natural and eco-friendly fabric dyeing alternatives [2].
In this study, for the first time to our knowledge, the most
promising plant-based dyestuffs from Reunion island rich
in water-soluble dyes have been investigated for textile
dyeing application on natural fibers (wool and cotton).
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O. borbonica D. fragrans

on wool:
on cotton:

1:alum+
potassium
bitartrate
mordant

2 : aluminium
acetate
mordant

3 : aluminium
acetate
mordant +
tannins

4:(2)+
ferrous
sulphate
mordant
5:(3)+
ferrous
sulphate
mordant

6:(2) +ash
lye + sodium
carbonate

(2023) 19:8

T. bentzoe
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T. cattapa

C. equisetifolia

Fig. 3 Natural wool and cotton dyeing by bath-dyeing process utilizing the yellowish-orange color extracts from O. borbonica, D. fragrans, T.
bentzoe, T. cattapa, and C. equisetifolia. Six different mordants were added in the dye-bath (1-6)

For cotton dyeing, it is usually necessary to perform a
mordanting step to improve the dye strength fixation
on the fabrics. Choice of mordant is important insofar
each complex mordant-textile may give a specific color
and light. Thus, the dyeing property of the plant extracts
has been checked for bath-dyeing with different mor-
dants (alum, aluminum acetate, tannins, and ferrous sul-
phate, either alone or in combination). Main results and
shades obtained after the bath-dyeing process using the
reddish color extracts from 1. populnea, W. tinctoria, E.
laurifolium, M. citrifolia, and L. guinensis are presented
in Fig. 2. Similarly, results obtained after the bath-dyeing
process utilizing the yellowish-orange color extracts from
O. borbonica, D. fragrans, T. bentzoe, T. cattapa, and C.
equisetifolia are described in Fig. 3. These experiments
have demonstrated very successful and very positive
results. By using the adequate dye plant and mordant,
it is possible to color the fabrics in a variety of different
colors, like bright red with M. citrifolia extract, reddish

with W. tinctoria, terracotta and pinkish-orange color
with T. populnea and E. laurifolium (turn dark-green
with iron mordant), sandy (pale yellow, cream) color with
L. guinensis, bright yellowish-khaki color with O. bor-
bonica (turn orangish pink with tannins added, and into
dark-green with tannins and iron mordant), ochre-yellow
and vibrant auburn colors with D. fragrans (turn ochre-
red color in alkaline pH), yellow/beige color with T. bent-
zoe and T. cattapa (turn dark-blue or black with iron
mordant), sandy color with C. equisetifolia (turn deep-
blue with iron mordant, and into terracotta in alkaline
pH), yellow and pinkish color with Coccoloba uvifera, etc.

Conclusion

Reunion Island has a multitude of plant species that have
potential as a source of new compounds or new raw
materials for the dye industries. The current study dem-
onstrated that even if the local sector of natural dyes and
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uses of plants as source of colorants and pigments are
recent to the Island, the biodiversity of Reunion Island
has the potential to offer a large choice of alternative
sources of colorants and pigments for industry.

After literature review and surveys made on local pop-
ulation, an original classification method has been estab-
lished to rank the different dye plants collected using
different criteria like endemicity, parts used and colors.
As a preliminary study, this first survey and classification
will direct researchers and industrials to a smaller sam-
ple of plants to investigate as the next sources of natural
colorants and pigments. It embraces biodiversity and the
importance of recovering species that are endemic and/
or native to Reunion Island biodiversity which could be
used as natural colors. This study also illuminates addi-
tional research to be carried out where there is a lack of
scientific knowledge and great potential for socio-eco-
nomic impact through natural colorants from plants ori-
gin growing in tropical or sub-tropical regions.

The Indian Ocean region still offers huge potential for
discovering new sources of plant-based dyestuffs. The
current study is only a first step to demonstrating that
the recovery of natural dyes from these tropical regions
has a bright future for researchers, industry and con-
sumers. Thus, there is no doubt this is the tip of the
iceberg, and many other tropical plant species should
be investigated to unveil myriad of other useful natural
compounds.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513002-023-00580-w.

Additional file 1. Table S1. List of 194 plant species potentially rich in
dyes or pigments inventoried in Reunion Island

Acknowledgements

The authors would like to express their gratitude to all people, local dyers and
small cosmetics manufacturers who have participated in this screening of La
Réunion Island dye plant species diversity, and Prof. Dominique Cardon for his
helpful discussion about the project PLANTIN investigated here. We gratefully
acknowledge Aurélia Wolff who provided technical supports for wool and cot-
ton dyeing with the dye plants collected in this study. We are grateful to the
Réunion National Park (Parc National de la Réunion) and the National Forestry
Office (Office national des Foréts—ONF) who authorized the collection of all
protected plant materials.

Author contributions

YC and TP supervised the project and were in charge of overall direction

and planning. MA, SP, MD and CL carried out the ethnobotanical studies,
contributed to data collection and data analysis. CF, JF and MT helped to the
ethnobotanical studies and species identifications. MA, CL, YC, SP drafted the
manuscript and designed the figures and tables. MA and YC wrote the final
version of the manuscript with input from all authors. All authors have made
critical revisions and have approved the final version of the manuscript.

Funding
This work was financially supported by grants from Europe and
Conseil Régional de La Réunion, Réunion island (France) (Project

(2023) 19:8

Page 24 of 26

PLANTIN, Grant number: N° Synergie RE0022957/Agreement number: GUR-
DTI1/20200508-0022957/European Regional Development Fund).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!Laboratoire de Chimie et Biotechnologie des Produits Naturels (CHEMBIO-
PRO), Université de La Réunion, La Réunion, France. ?Conservatoire Botanique
des Mascarins, Saint Leu, La Réunion, France. >Département Hygiéne Sécurité
Environnement (HSE), IUT de La Réunion, Université de La Réunion, La Réun-
ion, France.

Received: 3 February 2023 Accepted: 16 March 2023
Published online: 25 March 2023

References

1. Adeel S, Azeem M, Habib N, Hussaan M, Kiran A, Haji A, et al. Sustain-
able application of microwave assisted extracted tea based tannin
natural dye for chemical and bio-mordanted wool fabric. J Natl Fibers.
2023;20:2136322.

2. Adeel S, Kiran S, Shahid M, Habib SR, Habib N, Hussaan M. Ecofriendly
application of coconut coir (Cocos nucifera) extract for silk dyeing. Environ
Sci Pollut Res. 2022,29:564-72.

3. Hussaan M, Raza A, Habib N, Adeel S, Igbal N, Javed MT. Microwave-
assisted sustainable exploration of cocklebur leaves (Xanthium stru-
marium L.) as a novel source of distinct yellow natural colorant for dyeing
cotton fabric. Environ Sci Pollut Res 2022.

4. Batool F, Adeel S, Igbal N, Azeem M, Hussaan M. Sustainable natural color-
ing potential of bitter gourd (Momordica charantia L.) residues for cotton
dyeing: innovative approach towards textile industry. Environ Sci Pollut
Res. 2022,29:34974-83.

5. Deuil JE, Gambino I. Etude de positionnement de la production et de
I'usage de pigments et colorants naturels a partir de ressources d'origine
végétales de I'lle de la Réunion. Quadrium ; 2022.

6. Andriamanantena M, Danthu P. Cardon D, Fawbush FR, Raonizafinima-
nana B, Razafintsalama VE, et al. Malagasy Dye Plant Species: A Promising
Source of Novel Natural Colorants with Potential Applications — A Review.
C&B. 2019
Dufossé L, Fouillaud M, CaroY, Mapari SA, Sutthiwong N. Filamentous
fungi are large-scale producers of pigments and colorants for the food
industry. Curr Opin Biotechnol. 2014,26:56-61.

8. CaroY,Venkatachalam M, Lebeau J, Fouillaud M, Dufossé L. Pigments and
Colorants from Filamentous Fungi. In: Merillon J-M, Ramawat KG, editors.
Fungal Metabolites, 2015. p. 1-70.

9. Cardon D. Le monde des teinture naturelles. Belin. 2014.

10. Fazal-ur-Rehman, Adeel S, Liagat S, Hussaan M, Mia R, Ahmed B, et al.
Environmentally friendly bio-dyeing of silk using Alkanna tinctoria based
Alkannin natural dye. Industrial Crops and Products. 2022; 186:115301.

11. Adeel S, Anjum F, Zuber M, Hussaan M, Amin N, Ozomay M. Sustainable
extraction of colourant from harmal seeds (Peganum harmala) for dyeing
of bio-mordanted wool fabric. Sustainability. 2022;14:12226.

12. Adeel S, Habib N, Batool F, Amin N, Ahmad T, Arif S, et al. Environmental
friendly exploration of cinnamon bark (Cinnamomum verum ) based yel-
low natural dye for green coloration of sio-moroanTeD wool fabric. Env Prog
and Sustain Energy [Internet]. 2021.


https://doi.org/10.1186/s13002-023-00580-w
https://doi.org/10.1186/s13002-023-00580-w

Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

19.
20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

Sanda B, Liliana I. Natural dye extraction and dyeing of different fibers: a
review. In: Rather LJ, Haji A, Shabbir M, editors. Innovative and emerg-
ing technologies for textile dyeing and finishing [internet]. 1st ed. Wiley;
2021.p. 113-35.

. Andriamanantena M, Razafimbelo FF, Raonizafinimanana B, Cardon

D, Danthu P, Lebeau J, et al. Alternative sources of red dyes with high
stability and antimicrobial properties: towards an ecological and sus-

tainable approach for five plant species from Madagascar. J Clean Prod.

2021;303: 126979.

. Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J. Bio-

diversity hotspots for conservation priorities. Nature. 2000,403:853-8.

. Giraud-Techer S, Amédée J, Girard-Valenciennes E, Thomas H, Brillant

S, Grondin |, et al. Plantes médicinales de La Réunion inscrites a la
Pharmacopée francaise. Ethnopharmacologia. 2016 ;7-33.

. Boullet V. Index de la flore vasculaire de La Réunion (Trachéophytes) :

statuts, menaces et protections. Conservatoire Botanique National de
Mascarin ; 2020.

. Bosser J. Flore des Mascareignes, 90. Rhizophoracées a 106. Araliacées.

Ird. 2011.

Bosser J. Flore des Mascareignes, 80. Légumineuses. Ird Eds. 1998.
Bosser J. Flore des Mascareignes, 149. Aristolochiacées a 152. Monimi-
acées. Ird Eds. 1999.

. Lavergne R. Fleurs de Bourbon. Tome 10. Imprimerie Cazal. Saint-Denis

; 1990.

Lavergne R. Fleurs de Bourbon. Tome 7. Imprimerie Cazal. Saint-Denis;
1994,

Fee S, Rasoarifetra B. Recipes from the past: Highland textile dyes in
19th century Merina sources, with a translation of passages from the
"Ombiasy"s manuscript” Etudes Océan Indien. 2009 ;143-73.

Etheve A-M. Manuel de teinture naturelle : Exemple de Madagascar.
Cite ; 2005.

Lavergne R. Le grand livre des tisaneurs et plantes médicinales
indigénes a la Réunion. Orphie. 2001.

Imhaus G. Notice sur les principales productions naturelles et fabri-
quées de cette ile : Réunion (Ed. 1862). Hachette Bnf. 2013.

Polhill. Légumineuses. Flore des Mascareignes : La Réunion, Maurice,
Rodrigues. Mauritius, Sugar Industry Research Institute; Paris; ORSTOM,
Royal Botanical Gardens, Kew. 1990.

Friedmann F, Scott AJ. Lécythidacées. Flore des Mascareignes, la
Réuion, Maurice, Rodrigues. MSRI, ORSTOM, Kew Gardens, Imprimerie
de Montligeon. 1990. p. 7.

De Lanessan JL. Les plantes utiles des colonies francaises (Edition
1886). Hachette Livre BNF. 2012.

De Cordemoy JE. L'ile de La Réunion (Phanérogames ; Cryptogames
vasculaires, Muscinées) avec l'indication des propriétés économiques
et industrielles des plantes. Jacques Lechevalier. 23, rue racine, 23 ;
1895.

CaroY, Petit T, Grondin |, Clerc P, Thomas H, Giuffrida D, et al. Chemical
characterization of unconventional palm oils from Hyophorbe indica
and two others endemic Arecaceae species from Reunion Island. Nat
Prod Res. 2020;34:93-101.

Apel C, Bignon J, Garcia-Alvarez MC, Ciccone S, Clerc P, Grondin |, et al.
N-myristoyltransferases inhibitory activity of ellagitannins from Termi-
nalia bentzoé (L) L. f. subsp. bentzoé. Fitoterapia. 2018 ;131 :91-5.
Rummun N, Rondeau P, Bourdon E, Pires E, McCullagh J, Claridge TDW,
et al. Terminalia bentzoé, a mascarene endemic plant, inhibits human
hepatocellular carcinoma cells growth in vitro via GO/G1 phase cell
cycle arrest. Pharmaceuticals. 2020;13:303.

Zhang B-J, Yan J-M, Wu Z-K, Liu Y-P, Bao M-F, Cheng G-G, et al. Alkaloids
from Ochrosia borbonica. HCA. 2013;96:2288-98.

M. Joyce Nirmala JN, A. S, P. DS. Natural plant resources in anti-cancer
therapy. Research in Plant Biology. 2011.

Liu Y-P, Chen A-H, Li R-H, Yang H-W. Ochroborbone, A New Cyto-

toxic Indole Alkaloid from Ochrosia borbonica. Nat Prod Commun.
2017;12:491-3.

Suroowan S, Pynee KB, Mahomoodally MF. A comprehensive review
of ethnopharmacologically important medicinal plant species from
Mauritius. South African Journal of Botany. 2019;25.

Soulange JG, Sanmukhiya MR, Lobine D, Lavergne C, Howes MJR, Cha-
zot P. Aloe macra. Underexplored Medicinal Plants from Sub-Saharan
Africa [Internet]. Elsevier; 2020. p. 13-9.

(2023) 19:8

39.

40.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

59.

60.

Page 25 of 26

Lohezic F, Amoros M, Boustie J, Girre L. In-vitro antiherpetic activity of
Erythroxylon laurifolium (Erythroxylaceae). Pharmie and Pharmacolgy
Communicatioins. 1999;5:249-53.

Restrepo, Saenz, Jara-Munoz, Calixto-Botia, Rodriguez-Suérez, Zuleta,

et al. Erythroxylum in Focus: An Interdisciplinary Review of an Overlooked
Genus. Molecules. 2019; 24:3788.

. Diehl GA. A study of the Lecytidhaceae. Tropical Woods. 1935. p. 1-14.
42.

Majumder R, Adhikari L, Dhara M. Olax psittacorum (Lam.) Vahl.
(Olacaceae): current status and future prospects as an herbal plant. ADV
TRADIT MED (ADTM). 2020.

Jonville MC, Kodja H, Strasberg D, Pichette A, Ollivier E, Frédérich M, et al.
Antiplasmodial, anti-inflammatory and cytotoxic activities of various
plant extracts from the Mascarene Archipelago. J Ethnopharmacol.
2011;136:525-31.

Mahadeo K, Grondin |, Kodja H, Soulange Govinden J, Jhaumeer Laulloo
S, Frederich M, et al. The genus Psiadia: Review of traditional uses, phyto-
chemistry and pharmacology. J Ethnopharmacol. 2018;210:48-68.
Ohyama M, Tanaka T, Yokoyama J, linuma M. Occurrence of prenylated
flavonoids and oligostilbenes and its significance for chemotaxonomy of
genus Sophora (Leguminosae). Biochem Syst Ecol. 1995;23:669-77.
Ledoux A, Cao M, Jansen O, Mamede L, Campos P-E, Payet B, et al.
Antiplasmodial, anti-chikungunya virus and antioxidant activities of 64
endemic plants from the Mascarene Islands. Int J Antimicrob Agents.
2018;52:622-8.

Rummun N, Baider C, Bahorun T, Neergheen-Bhujun VS. Terminalia bent-
zoe subsp. bentzoe. Underexplored Medicinal Plants from Sub-Saharan
Africa. Elsevier; 2020. p. 273-9.

Bussmann RW, Hennig L, Giannis A, Ortwein J, Kutchan TM, Feng X.
Anthraquinone Content in Noni (Morinda citrifolia L.). Evidence-Based
Complementary and Alternative Medicine. 2013; 2013:1-5.

Dhingra S. Dyeing with Morinda citrifolia: In Pursuit of Sustainable future.
Textile Society of America Symposium. 2016. p. 957.

Rahman A, Muktiningsih M, Andika FL, Kartini I, Slamet R. Extraction of
natural dye powder from morinda citrifolia and its application as anti-
bacterial dyes for cotton fabrics. IOP Conf Ser: Mater Sci Eng. 2018;434:
012096.

. Mohini K, Tejashree L, Vijay N. Dataset on analysis of dyeing property of

natural dye from Thespesia populnea bark on different fabrics. Data Brief.
2018;16:401-10.

Manisha Kothari, D. K. Jain. Quantification of Phytoconstituents and Isola-
tion of Flavonoids from Thespesia populnea Bark Extracts. PBJ. 2018;39-45.
Kumaresan M, Ashwinbalaji S, Karthikeyan B. Dyeing of Cotton Fabric
with Natural Dye obtained From Flower of Thespesia Populnea using
Combination of Mordants. J Environ Nanotechnol. 2018;7:12-6.

Amutha K, Grace Annapoorani S, Sudhapriya N. Dyeing of textiles with
natural dyes extracted from Terminalia arjuna and Thespesia populnea
fruits. Ind Crops Prod. 2020;148: 112303.

Derksen GCH, Niederldnder HAG, van Beek TA. Analysis of anthraquinones
in Rubia tinctorum L. by liquid chromatography coupled with diode-array
UV and mass spectrometric detection. Journal of Chromatography A.
2002; 978:119-27.

Lo I-W, Cheng Y-B, Haung C-C, Hwang T-L, Wu C-C, Liou J-R, et al. Con-
stituents of the Leaves of Pandanus Utilis. Natural Product Communica-
tions. 2016; 11:1934578X1601100.

Jansen PCM, Cardon D, Lemmens RHMJ, Oyen LPA, Plant Resources of
Tropical Africa (Program). Ressources végétales de I'Afrique tropicale.
Wageningen ; Leiden : Fondation PROTA : CTA ; Backhuys Publishers ;
2004,

. Le Sage F, Meilhac O, Gonthier M-P. Anti-inflammatory and antioxidant

effects of polyphenols extracted from Antirhea borbonica medicinal
plant on adipocytes exposed to Porphyromonas gingivalis and Escheri-
chia coli lipopolysaccharides. Pharmacol Res. 2017;119:303-12.
Marimoutou M, Le Sage F, Smadja J, Lefebvre d'Hellencourt C, Gonthier
M-P, Robert-Da SC. Antioxidant polyphenol-rich extracts from the medici-
nal plants Antirhea borbonica, Doratoxylon apetalum and Gouania
mauritiana protect 3T3-L1 preadipocytes against H202, TNFa and LPS
inflammatory mediators by regulating the expression of superoxide
dismutase and NF-kB genes. J Inflamm. 2015;12:10.

Veeren B, Ghaddar B, Bringart M, Khazaal S, Gonthier M-P, Meilhac O, et al.
Phenolic Profile of Herbal Infusion and Polyphenol-Rich Extract from



Andriamanantena et al. Journal of Ethnobiology and Ethnomedicine

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Leaves of the Medicinal Plant Antirhea borbonica: Toxicity Assay Determi-
nation in Zebrafish Embryos and Larvae. Molecules. 2020,25:4482.

Tsai T-H, Wang G-J, Lin L-C. Vasorelaxing Alkaloids and Flavonoids from
Cassytha filiformis. J Nat Prod. 2008;71:289-91.

Adamu AA, Garba FN, Ahmed TM, Abubakar A. Pharmacognostic studies
and elemental analysis of Cassytha filiformis Linn. J Pharmacognosy
Phytother. 2017;9:131-7.

Prada F, Stashenko EE, Martinez JR. LC/MS study of the diversity and
distribution of pyrrolizidine alkaloids in Crotalaria species growing in
Colombia. J Sep Sci. 2020;43:4322-37.

Bloor SJ. Deep blue anthocyanins from blue Dianella berries. Phytochem-
istry. 2001,58:923-7.

Widyaning EA, Rahayu |, Timotius KH. Ethno medical uses, phytochem-
istry and pharmacology of Dianella ensifolia (Linnaeus) de Candolle: A
systematic review. International Journal of Herbal Medicine.

Poullain C, Girard-Valenciennes E, Smadja J. Plants from reunion island:
evaluation of their free radical scavenging and antioxidant activities. J
Ethnopharmacol. 2004;95:19-26.

Nwiloh Bl, Monago-lghorodje CC, Onwubiko N. Analyses of bioactive
compounds in fiddleheads of Pteridium aquilinum L. Kuhn collected
from Khana, Southern Nigeria, using gas chromatography-flame ioniza-
tion detector. Journal of Pharmacognosy and Phytochemistry. 2020;
9:1079-86.

Suvarna CHM, Sriya P, Arshad M, Pavan K. A review on phytochemical and
pharmacological properties of Thespesia populnea. J Drug Delivery Ther.
2018;8:1-4.

Alafiatayo AA, Lai K-S, Syahida A, Mahmood M, Shaharuddin NA. Phyto-
chemical evaluation, embryotoxicity, and Teratogenic effects of curcuma
longa extract on zebrafish (Danio rerio). Evid-Based Comp Altern Med.
2019;2019:1-10.

Dinesh 'Y, Abilasha R, Ramani P, Rajeshkumar S. Assessment of Cytotoxic,
Antioxidant, Thrombolytic, Anti Inflammatory and Antimicrobial Activity
of Curcuma longa Linn, Cissus quadrangularis and Boerhaavia diffusa
Herbal Mixture - An In vitro Study. JPRI. 2021;1766-77.

Ibrahim SRM, Mohamed GA, Khedr AIM, Zayed MF, EIl-Kholy AA-ES. Genus
Hylocereus: Beneficial phytochemicals, nutritional importance, and bio-
logical relevance-A review. J Food Biochem. 2018;42: e12491.

Bhuiyan MAR. Coloration of polyester fiber with natural dye henna
(Lawsonia inermis L.) without using mordant: a new approach towards a
cleaner production. 2018;11.

Pinheiro Silva L, Damacena de Angelis C, Bonamin F, Kushima H, José
Mininel F, Campaner dos Santos L, et al. Terminalia catappa L.: A medicinal
plant from the Caribbean pharmacopeia with anti-Helicobacter pylori and
antiulcer action in experimental rodent models. Journal of Ethnopharma-
cology. 2015; 159:285-95.

Katiki LM, Gomes ACP, Barbieri AME, Pacheco PA, Rodrigues L, Verissimo
CJ, et al. Terminalia catappa: Chemical composition, in vitro and in vivo
effects on Haemonchus contortus. Vet Parasitol. 2017;246:118-23.

Lin L-G, Xie H, Wang Y-T, Ding J, Ye Y. Chemical Constituents from the
Heartwood of Haematoxylon campechianum as Protein Tyrosine Kinase
Inhibitors. Chem Biodivers. 2014;11:776-83.

Zhang S-J, Lin Y-M, Zhou H-C, Wei S-D, Lin G-H, Ye G-F. Antioxidant tan-
nins from stem bark and fine root of Casuarina equisetifolia. Molecules.
2010;15:5658-70.

Narayanaswamy V, Gowda KNN, Sudhakar R. Natural dye from the bark of
Casuarina equisetifolia for silk. Int J Pharma Biosci. 2013;4:94-104.
Campos CCZ-, Garcia-Martinez JE, Chavira JS, Valdés JAA, Morales MAM,
Mellado M. Chemical composition and nutritional value of leaves and
pods of Leucaena leucocephala, Prosopis laevigata and Acacia farnesiana
in a xerophilous shrubland. Emir J Food Agric. 2020;723.

Prashith Kekuda T, Raghavendra H. Medicinal Uses, Phytochemistry

and Pharmacological Activities of Antigonon leptopus Hook. and Arn.
(Polygonaceae): A Review. 2018;9.

Linhares T. LCA of textile dyeing with Acacia Dealbata tree bark: a case
study research. 2017;5.

Cardon D. Natural dyes. Sources, tradition, technology and science. 2007.
Xiong J, Grace MH, Esposito D, Komarnytsky S, Wang F, Lila MA. Poly-
phenols isolated from Acacia mearnsii bark with anti-inflammatory and
carbolytic enzyme inhibitory activities. Chin J Nat Med. 2017;15:816-24.
Al-Dhubiab B. Pharmaceutical applications and phytochemical profile of
Cinnamomum burmannii. Phcog Rev. 2012;6:125.

(2023) 19:8

Page 26 of 26

84. Segura Campos MR, Ruiz Ruiz J, Chel-Guerrero L, Betancur Ancona D.
Coccoloba uvifera (L.) (Polygonaceae) Fruit: Phytochemical Screening and
Potential Antioxidant Activity. Journal of Chemistry. 2015; 2015:1-9.

85. Adeel S. Influence of UV radiations on the extraction and dyeing of cot-
ton fabric with. Indian J Fiber Text Res. 2012;4.

86. Gupta A, Mahajan S, Sharma R. Evaluation of antimicrobial activity of Cur-
cuma longa rhizome extract against Staphylococcus aureus. Biotechnol
Rep. 2015,6:51-5.

87. Chowtivannakul P, Srichaikul B, Talubmook C. Antidiabetic and antioxi-
dant activities of seed extract from Leucaena leucocephala (Lam.) de Wit.
Agriculture and Natural Resources. 2016; 50:357-61.

88. de Almeida Lopes MM, de Oliveira Silva E. Araga— Psidium cattleyanum
Sabine. Exotic Fruits. Elsevier; 2018, 31-6.

89. Surana K, Idris MG, Bhattacharya B. Natural dye extraction from Syzygium
Cumini and its potential photovoltaic application as economical sensi-
tizer. Appl Nanosci. 2020;10:3819-25.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	A survey on the potential contribution of Reunion Island dye plant species diversity to the market demand for bioactive plant-based dyes and pigments
	Abstract 
	Background 
	Methodology 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study area
	Exploration of the Reunion island dye plant species biodiversity
	Scoring and evaluation of the most promising plant species for coloring applications
	Plant material collections
	Pigment extractions and evaluation of coloring properties of the plant-based dyestuffs
	Statistical analysis

	Results and discussion
	Ethnobotanical survey of plants traditionally used in natural dyeing on Reunion Island
	The uses of endemic plant species in Reunion Island potentially rich in dyes or pigments
	The uses of native plant species in Reunion Island potentially rich in dyes or pigments
	Introduced and alien-invasive species in Reunion Island potentially rich in dyes or pigments

	First selection and characterization of some promising dye plants in Reunion Island
	Bath-dyeing applications on natural fibers of dye plants from Reunion Island

	Conclusion
	Anchor 23
	Acknowledgements
	References


