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REZUMAT - ABSTRACT

Efectele multifunctionale ale textilelor vopsite cu extract din radacina de roiba (Rubiatinctoria)

In acest studiu, tricotul de 100% bumbac a fost supus tratamentului preliminar de mordansare cu tanin de mimoza si
tanin de mimozéa/alaun si vopsit cu un colorant extras din rddécina de roibd. Gradul de epuizare a fost realizat prin
spectroscopie UV-Vis. Rezistenta culorii la lumina, spélare, frecare (umeda si uscatd) si transpiratia tesaturilor
mordansate si vopsite au fost evaluate conform standardului ISO specific.

Probele au fost testate la protectia impotriva radiatiilor ultraviolet si activitatea antibacteriana impotriva tulpinilor de
Staphylococcus aureus. Rezistenta culorii la spalare si lumind sunt slabe, iar rezistenta la transpiratie si frecare este
moderata. Tesaturile vopsite demonstreaza un efect excelent de protectie UV si o buna activitate antibacteriana. Chiar
Si subtiri, materialele utilizate pentru hainele de vara vopsite cu roibé ar putea oferi un mijloc eficient si comun de a
proteja corpul uman impotriva efectelor nocive ale radiatiilor ultraviolete.

Cuvinte-cheie: colorant natural, tanin de mimoza, alaun, protectie UV, activitateantimicrobiana

Multi-functional effects of textiles dyed with madder roots powder (Rubiatinctoria)

In this study, 100% cotton knit was premordanted with mimosa tannin and mimosa tannin/alum and dyed with a dyestuff
extracted from Madder root. The degree of exhaustion was carry out by UV-Vis spectroscopy. The color fastness to light,
wash, rubbing (wet and dry) and perspiration of the mordanted and dyed fabrics were evaluated according to specific
ISO standard.

The samples were tested for ultraviolet protection and antibacterial activity against Staphylococcus aureus strains. The
color fastness to washing and light are poor and the fastness to perspiration and rubbing is moderate. The dyed fabrics
demonstrate an excellent UV protective effect and a good antibacterial activity. Even thin, the materials used for summer
clothes dyed with madder could provide an effective and common mean to protect the human body against the harmful

effects of UV rays.

Keywords: natural dye; mimosa tannin; alum, UV protection; antimicrobial activity

INTRODUCTION

Rubiatinctorum also called madderis one of the old-
est dye used in paintings, for textiles and leather dye-
ing [1-2]. The extract of madder roots contains up
36 anthraquinone compounds [3]. The main 15 color
components extracted from the root of Rubia
Tinctoria are grouped together in the Colour Index as
C. I. Natural Red 8, among which the most important
ones are alizarin, purpurin, xanthopurpurin, rubiadin,
pseudopurpurin, munjistin, lucidin and, the glycosidic
compounds ruberythric acid and lucidinprimevero-
side [4-5].

The main issues raised by the use of natural dyed
textiles are the effects on human health and the envi-
ronment and coloristic resistance to wearing and
maintenance.

In Ayurvedic medicine, Indian madder is used as an
immune regulator, blood purifying herb, antioxidant,
to regulates blood pressure and blood vessel con-
striction, treatment of kidney and bladder stones, lax-
ative, mild sedative [6]. Rubiatinctorum is used as
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antifungal [7] and antimicrobial [8] medicine and has
antioxidant capacity superior to 1 m MTrolox equiva-
lent (hydrosoluble form of vitamin E) [9].

Even former studies reported a mutagenic potential
of RubiaTinctorium [10-11] due to 1,3-dihydroxyan-
thraquinones which bear a methyl orhydroxymethyl
group on carbon-2 such as lucidin [12], new scientif-
ic researches demonstrate the lack of dye’cytotoxic
activity [9].

More than that the, absorbing in UV region, the mate-
rials dyed with madder could provide an effective and
common mean to protect the human body against the
harmful effects of UV rays, such as premature aging
and skin cancers [13—-14].

Along the time different recipes were used to dye cot-
ton with madder roots, the most renown being the
Turkey red process involving 7 up to 20 stages [15].
Being a so complex process, different others syn-
thetic and natural mordants are used to increase the
fixation of the dye and to improve the light/wash fast-
ness of the dyestuff compounds.
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The aim of this research was to investigate the effect
of mordants on dyeing fastness, the UV protection
and antibacterial activity of cotton knit dyed with
MadColor, extracted from Madder root.

MATERIALS

Textile material: chemically bleached 100% cotton knit
with weight of 165 g/mZ, yarn fineness: 59.2+5.2 Nm,
thickness: 0.79 mm.

Dye: Mad-Color: dyestuff extract of Madder root
(Rubiatinctoria); dyestuff content: 110 g/Kg; supplied
by NIG Nahrungs-Ingenieurtechnik GmbH, Austria.
Mordents: alum (KAI(SO,),"12H,0) from Sigma-
Aldrich; mimosa tannin powder supplied by Silva
Chimica (St Michele Mondovi, ltaly); it contains
80-82% flavonoid monomers and oligomers (robine-
tinidin, fisetinidin, catechin, delphinidin), 1% of amino
and imino acids, carbohydrates.

Mordanting and dyeing process: The cotton knit
was pre-mordanted with mimosa tannin and alum for
one hour 30—40°C and 3 hours at ambient tempera-
tura. The mordanted fabrics were dyed with 4% Mad
Color on weight of fibre (owf) foronehour at 80°C,
maintaining the liquor ratio 1:25 and then allowed to
cool down, rinsed with clean water and air-dried.

CHARACTERIZATION

UV-Vis spectroscopy (UV-VIS-NIR Perkin Elmer
Lambda 950 spectrophotometer) was used to deter-
mine the maximum absorption specific of dyes and
mimosa tannin and to evaluate the degree of exhaus-
tion representing the amount of dyestuff or mordant
diffused in the fibers.

The color fastness of mordanted and dyed fabrics
were evaluated according to ISO standards: colour
fastness to washing (ISO 105-C06:2010), alkaline
and acid perspiration (ISO 105-E04:2013), rubbing
(ISO 105-F09:2009) and color fastness to light (ISO
105-B02:1999).

2% mimosa 8% mimosa

4% Rubia/2% mimosa

4% Rubia/8% mimosa

Ultraviolet protection factor (UPF) was measured on
UV-VIS spectrophotometer (Cary 50, Varian, Australia)
fitted with an Diffuse Reflectance Accessoryacross
the wavelength range 280 to 390 nm. Thereported
values are the average of eight measurements made
on sub-samples taken from the fabrics. The samples
were tested for microbial activity in Staphylococcus
aureus according to SR EN ISO 20645/2005. Textile
fabrics — Determination of antibacterial activity —
Agar diffusion plate test.

RESULTS AND DISCUSSIONS

The appearance of mordanted and dyed
materials

The appearance of mordanted and dyed materials
are shown in the table 1.

The mimosa tannin colors the fabrics in brown-yel-
low, the shade becoming darker as the tannin con-
centration increases. The alum gives lighter shades
to fabrics. The red color of the fabrics mordanted with
mimosa tannin and dyed with extract from Rubia
Tinctoria could be attributed to tannins, polyphenolics
compounds and polysaccharide and free sugars [16].
The red-orange and orange colors of the fabrics mor-
danted with 2% mimosa/4% alum and respectively
8% mimosa/15% alum and dyed with Rubia are due
to the arrangement of anthraquinone structures
around the aluminum cation used in the pre-mor-
danting process. Other studies show that the yellow-
orange color could be determined by the high content
of heterosidic dyes such as are lucidinprimeveroside,
ruberythric acid (alizarin primeveroside), galiosin
(pseudopurpurinprimeveroside) and rubiadinprime-
veroside [17]. The aglycones compounds (alizarin,
purpurin, pseudopurpurin, lucidin, xanthopurpurin
and rubiadin) induce a more orange-red color.

UV-VIS spectra of Mad-Color

The UV-VIS spectra of the 0.143 g/L Mad-Color dye
is shown in the figure 1.

Table 1

2% mimosa/4% alum 8% mimosa/15% alum

4% Rubia/2% mimosa
and 4% alum

4% Rubia/8% mimosa
and 15% alum
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Fig. 1. UV-VIS absorption spectrum of Mad-Color

Fig. 2. Calibration curve of Mad-Color at Amax = 416 nm

Table 2
Samble The dyebath resulting from dyeing | Initial concentration, | Final Concentration, The dyebath
P the cotton knit mordanted with: g/L* g/L** exhaustion
1 8% Mimosa 0.3887 0.4359 -12.14
2 2% Mimosa 0.3988 0.4074 -2.15
8 8% Mimosa, 15% Alum 0.4243 0.5053 -19.09
4 2% Mimosa, 4% Alum 0.3607 0.5011 —-38.92

* Initial concentration represents the concentration of 4% Mad-Color solution used to dye the cotton
** Final concentration represents the concentration of Mad-Color dyebath solutions after dyeing of cotton mordanted

with different mordants.

The aqueous solution of Mad-Color (RubiaTinctoria
extract) has two maxima absorption peaks at 259 nm
and 416 nm, representing the absorption of aceto-
phenone- and benzoquinone chromophores. The
absorption at 259 nm is caused by the electron trans-
fer bond in the benzenoid ring and one keto group
and the absorption at 416 nm is due to the local exci-
tation bond of the C=0 of the quinone chromophore
[18].

The anthraquinone compounds with Amax near to
that found by us include ruberythric acid (406 nm),
lucidinprimeveroside (415 nm) and alizarin (424 nm)
[19-20].

For the Rubia dye components, other literature data
[21] indicate the absorption maxima at Amax = 198,
249, 279 nm, 423 nm for alizarin, at Amax = 255, 292,
479, 485 and 512 nm for purpurine [22] 493 and
460 nm for pseudopurpurine, Amax = 224, 256, 415
nm for ruberythric acid and Amax = 200, 246, 285,
406 nm for lucidinprimeveroside. Considering this
data, it is assumed that the main components of the
coloring powder used could bea mixture of rubery-
thricacid, lucidinprimeveroside and alizarine.

During the dyeing process, the ruberythric acid and
the lucidinprimeveroside are usually hydrolyzed to
alizarin and lucidin. Lucidin is hardly detected in dyed
textiles [23], due to its oxidation to nordamnacanthol
in the presence of oxygen by endogenous enzymes
[24] or its enzymatically transformation to a quinone
groups [25].
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Dye-bath exhaustion

Absorbance of the dyebath solutions before and after
dyeing was measured at Amax = 416 nm.

For the determination of the concentration, a calibra-
tion curve was made in 5 points (0.1 g/L, 0.3 g/L,
0.4 g/L, 0.5 g/L, 0.7 g/L dye) at 416 nm (figure 2).
The percentage dye-bath exhaustion (E%) was cal-
culated using equation 1:

E% =100 x (1 — C,/C,) (1)
where: C, and C, represent the concentration of dye
solution before and after dyeing, respectively.

The concentrations of the initial and final solutions of
Mad-Color recorded at Amax = 416 nm are displayed
in the table 2.

The slight variation in the initial concentration of the
dye solution from 0.3607 g/L to 0.4243 g/L is deter-
mined by the large number of compounds present in
the Mad-Color powder, responsible for the different
shades obtained almost in the same conditions [26].
Higher final concentration values than the initial ones
demonstrate that the after dyebath contains both
the color components of Mad-Color and probably,
mimosa tannin compounds with structures similar to
the dye components that migrate from the material to
the solution during dyeing.

This hypothesis is confirmed by higher concentra-
tions of the final solutions resulting from the dyeing of
the fabrics mordanted with 8% mimosa tannin than
those mordanted with 2% mimosa tannin. On the
other hand, a higher concentration of tannin implies a
larger number of occupied active sites which are no
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longer available for the absorption of the dye which
remains in solution.

The addition of alum does not have a positive effect
on the degree of exhaustion. Certain studies [27]
have shown that although aluminum has the role of
fixing low molecular weight compounds (e.g., alizarine
molecules) to the substrate in the case of higher
molecular weight molecules such as glycosylated
compounds, aluminum hindered the dyeing process.
As has been shown, the basic component of Mad-
Color dye is lucidinprimeveroside, a glycoside having
two sugar moieties attached to the anthraquinone
structure. Due to its increased steric bulk, it could
limit the number of molecules that are able to arrange
around the aluminum ion and, therefore lowers the
exhaustion degree.

Colour fastness of knits dyed with Mad-Color

Evaluation of colour fastness of knits dyed with Mad-
Color is presented in table 3.

The Indian standard requirements for minimum
change in colour of natural Rubiadye on cotton fabric
to washing, light and rubbing is 4-5, and to perspira-
tion is 3 [28]. Our results demonstrate a very low
fastness rating to washing, and light, regardless of
the type and concentration of mordants used. The

perspiration fastness is slightly better for knit mor-
danted with 8% mimosa and 15% alum, not because
of the dye itself but because the knit is dyed with a
smaller amount of dye and consequently, a less
amount of dye migrates from the material in solution.
Rubbing fastness, especially dry rubbing, is high.

Ultra violet radiation (UPF) protection factor
assessment of materials dyed with Mad-Color

The values of the sun protection factor and of the
transmissions in the UVA and UVB regions are pre-
sented in table 4.

According to Australia/New Zealand Standard
AS/NZS 4399:1996, the textilescould provide a good
protection if UPF is 15, 20, very good protection if
UPF is 25, 30, 35, or excellent protection if UPF is 40,
45, 50, 50+.

Having a UPF equal to 10, the white knit doesn’t pro-
vide any protection against UV rays. Instead, the
same material mordanted with mimosa tannin and
dyed with Mad-Color ensures an excellent UV pro-
tection no matter the type or concentration of mor-
dants.

It has been shown that alizarin in the madder dye
improves the UV protective effect of textiles due to its
absorption in the UV region (Amax = 250 nm) [29].

Table 3
0, H 0, H
Fastness to: /Sample R + 8% mimosa R + 2% mimosa Rige /Z mimosaiiiae zf' MImoSe
15% alum 4% alum
Washin color change 1 1 1 q
9 color staining* 4/4-5/4/4-5/4-5/4 | 3-4/4-5/3-4/4-5/4-5/3-4 | 3-4/4-5/3-4/4/4-5/4 | 4/4-5/4/4-5/4-5/4
Acidic- color change 1-2 2 2-3 2
perspiration | color staining* | 2-3/2/1-2/3/2-3/2-3 | 2-3/2-3/1-2/3/2-3/2-3 2-3/2/2-3/3/2-3/3 | 2-3/2/2-3/3/2-3/3
Alkaline- color change 2-3 3 4 3-4
perspiration | color staining* | 2-3/2/1-2/3/2-3/2-3 | 2-3/2-3/1-2/3/2-3/2-3 2-3/2/2-3/3/2-3/3 | 2-3/2/2-3/3/2-3/3
3 dry 4-5 4-5 4-5 4-5
g wet 3 34 3 3
1 Gray scale G+ 3 S Sl
Light Blue scale 8 3 8 &
*Diacetate/Cotton/Polyamide/Polyester/Acryl/Wool; Exposure time: ** — 14 hours; *** — 7 hours.
Table 4
Mean UVA Mean UVB Calculated .
Rapies RESuLIPF Transmission | Transmission UPF UPFiraiiy
undyed (white) Cotton 13.051 10.152 7.145 11.829 10
knitmordanted with 2% mimosa 316.134 0.234 0.278 277.242 50+
" T
kr_1|tmordanted with 2% mimosa and dyed 216.930 0.507 0.434 153.174 50+
with Mad Color
knitmordanted with 8% mimosa 179.150 0.775 0.493 150.111 50+
" T
kr)ltmordanted with 8% mimosa and dyed 140.793 0.947 0.636 125.532 50+
with Mad Color
knitmordanted with 2% mimosa 4% alum 418.690 0.175 0.186 350.775 50+
knitmordanted with 2% mimosa 4%
alumand dyed with Mad Color 229.963 0.402 0.406 194.800 50+
knitmordanted with 8% mimosa 15% alum 412.343 0.077 0.211 296.006 50+
knitmordanted with 8% mimosa 15% alum | 1376.710 0.244 0.077 586.236 P+
and dyed with Mad Color (1047.600) (0.111) (0.084) (497.602)
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The dyeing of knit mordanted with 2% mimosa, basi-
cally leads to UVA radiation blocking (only 0.234
being transmitted) and to the penetration of a
reduced amount of UVB rays (0.434) providing excel-
lent protection for the human body.

If dyeing is done on a knit mordanted with 8%
mimosa, the amount (0.947) of UVA rays penetration
increases slightly compared to knitted mordanted
with 2% mimosa and dyed, providing an excellent
protection (UPF > 50+). The effective UV transmis-
sion trough the fabrics required by the AS/NZS 4399:

1996 standard is from 6.7 to 4.2 for a good protec-
tion, from 4.1 to 2.6 for a very good protection and
less than 2.5 for an excellent protection.

If only the UV rays on UVA domain penetrating the
fabrics are considered, is observed that the smallest
amounts of radiation are transmitted through the fab-
rics mordanted with 8% mimosa and 15% alum (Mean
UVA Transmission = 0.077) and through the fabric
mordanted with 8% mimosa 15% alum and dyed with
Mad Color 2% mimosa (Mean UVA Transmission =
0.111). If only the amount of transmitted UVB radiation

Table 5
THE MICROGRAPHS OF ANTIBACTERIAL ACTIVITY OF UNDYED AND DYED FABRICS AGAINST
STAPHYLOCOCCUS AUREUS
Sample Inhlb;::]c::)zone Growth Description Evaluation Picture
Control 0 Moderate . W't.h.o Ut Insufficient effect
inhibition zone
) Without inhibition
Mo(r)dan_ted il 0 Small zone, some Limited efficacy
2% mimosa . :
restricted colonies
. Without inhibition
Mogdan'ted sl 0 Small zone, some Limited efficacy
8% mimosa ) i
restricted colonies
Mordanted with Without inhibition
2% mimosa / 0 Small zone, some Limited efficacy
4% alum restricted colonies
Mordanted with Without inhibition
8% mimosa / 0 Small zone, some Limited efficacy
15% alum restricted colonies
g it Without inhibition
Mad Color and ; '
A 0 None zone, without Satisfactory effect
mordanted with N
o2 multiplication
2% mimosa
it Without inhibition
Mad Color and " i
A 0 None zone, without Satisfactory effect
mordanted with M
o P multiplication
8% mimosa
Dyed with
Mad Color and Without inhibition
mordanted with 0 None zone, without Satisfactory effect
2% mimosa / multiplication
4% alum
Dyed with
Mad Color and Without inhibition
mordanted with 0 None zone, without Satisfactory effect
8% mimosa / multiplication
15% alum
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is taken into account, the smallest values of the mean
UVB transmission and consequently, the best protec-
tion against UVB radiationare obtained for knitted
fabrics with Mad Color, previously mordanted with
8% mimosa, 15% alum and for the knitmordanted
with 2% mimosa and 4% alum.

Antibacterial activity evaluation

SR EN ISO 20645/2005 standard (Determination of
antibacterial activity-agar diffusion plate test): the
manitolsalt Aagar gel is prepared for the lower layer
without bacteria. (10 + 0,1) mL gel is placed into each
sterilized Petri dish and allow gel to solidify. Another
amount of gel is prepared for the upper layer and
cooled to 45 °C in a water bath. 150 ml of gel is inoc-
ulated with 1 mL of Staphylococcus aureus bacterial
working solution (1-5 x 108 pg/mL). The container is
vigorously stirred for the uniform distribution of bac-
teria. (5 £ 0,1) mL are introduced in each Petri plates
and allow the gel to solidify. The textile specimens
(2 cm diameter) are placed on the surface of the
nutrient medium and then incubated at 37°C for 18 h
— 24 h. The antibacterial evaluation is based on the
absence or presence of bacterial multiplication in the
contact area between the agar and the test specimen
and on the occurrence of a possible inhibition area
around the specimens. Inhibition zones were calcu-
lated using the following formula: H = (D — d)/2,
where: H is the inhibition zone in mm; D — the total
diameter of specimen and inhibition zone in mm;
d — the diameter of specimen in mm.

Table 5 shows the micrographs of antibacterial activ-
ity of undyed and dyed fabrics against Staphylococcus
aureus.

Hier the data about methodic that you have used for
antibacterial activity determining must be described.
According to EN ISO 20645:2004 standard, the treat-
ment is considered effective if the inhibition zone is
= 1-0 mm and no growth under specimen is detect-
ed, whereas 0 mm inhibition zone and slight growth
is evaluated as limited effect and without colonies
multiplication is evaluated as satisfactory effect.

The inhibition zone is zero mm for all the tested sam-
ples. The untreated cotton knit doesn’t have any

antibacterial activity. The efficacy of the fabrics mor-
danted with mimosa tannin and mimosa tannin/alum
is limited, a small growth of bacteria colonies is
observed on the materials. The dyed fabrics have a
“satisfactory effect” as long as any bacterial growth is
detected on their surface. Different studies [8] report-
ed the antibacterial activity of the madder dye, the
responsible compounds for this effect being consid-
ered alizarin, purpurin and quinizarin [30-32] wich
affect the bacterial cell wall. Due to their redox poten-
tial, these molecules form complexes with amino
acids, inhibiting the synthesis of proteins and the
bacterial growth [33].

CONCLUSIONS

Knit cotton fabric was premordanted with mimosa
tannin and mimosa/alum and then dyed with Mad
Color powder extracted from Rubia Tinctoria. Being a
complex mixture, it is very difficult to identify the
exact components responsible for dyeing of textiles,
the UV-Vis spectra suggesting as main components
ruberythricacid, lucidinprimeveroside and alizarine.
The exhaustion degree, spectrophotometrically eval-
uated, has demonstrated the presence of dye and
mimosa tannin in the after dye bath. Colour fastness
to washing and light is poor while the fastness to per-
spiration and rubbing is moderate. The mordanted
and dyed knitted fabrics highly improve the UV pro-
tection ability by lowering the penetration of UV rays
through the materials. Moreover, the dyed fabrics
inhibit the bacterial growth, probably due to presence
of madder specific molecules on the material surface
of the fiber.
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