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Abstract

�e human being has always tried to variegate 

its life with colours. All natural dyes are not re-

silient, especially when they are directly exposed 

to sunlight. In most cases, only those products 

have remained preserved which were found 

buried in soil or in deep caves. �e aim of this 

research was a colorimetric evaluation of the 

changes in the colourings from natural sources 

people have been using most frequently with re-

gard to di�erent periods of exposure to UV ra-

diation. �e dyes used were obtained from red 

beet (Beta vulgaris), red cabbage (Brassica ol-

eracea), black currant (Ribes nigrum), onions 

(Allium cepa), hibiscus (Hibiscus) and sa�ow-

er (Carthamus tinctorius). �e research has 

shown that the dyes from the group of deriva-

tives from quinone present in sa�ower are the 

most resistant to UV radiation in comparison 

with the rest of the chosen natural dyes.
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tocianov in karotenoidov, saj naj bi delovala kot antioksidanti ter 

-

-

-

barvil za barvanje tekstilij iz različnih virov, tudi iz odpadkov živil-

-

vanja z uporabo različnih naravnih barvil, na odtenke obarvanj in 

-

-

1.1 Naravna barvila in ultravijolično sevanje

-

-

-

-

-

Table 1: UV ranges [7]

Wavelength of UV ranges

Wavelength 

(nm)

Quants of energy 

(eV)
Name

100–200 12.5–6 vacuum UV, Schumann UV

200–280 6–4.4 UV-C

280–315 4.4–4 UV-B

315–380 4–3.3 UV-A

-

-

1 Introduction

Natural dyes represent a part of the global cul-

ture and are of a great historical importance. 

�ey have been used for a longer period of 

time than any other synthetic dye. Lately, they 

are again becoming more present, since they 

are environment-friendly, harmless to health 

and biodegradable. Natural dyes are thus re-

placing also the synthetic dyes which are haz-

ardous to health in the food and pharmaceu-

tical industry. �e characteristics and e�ects 

of natural dyes are relatively poorly investi-

gated. �e latest researches point to healthy ef-

fects of natural dyes, above all those from the 

group of anthocyanins and carotenoids, since 

they are supposed to function as antioxidants 

protecting cells from injuries. �ey are very in-

teresting for the dyeing of textiles from nat-

ural !bres; however, due to the complicated 

and longer procedures of preparation, limited 

colour shades and higher prices in the indus-

try, they did not win recognition [1, 2]. A"er a 

few years of decreased interest, the researches 

in the !eld of textile dyeing with natural dyes 

are once again becoming more feasible, above 

all they aim at the studying of the use of nat-

ural dyes in the dyeing of textiles from di�er-

ent sources, also from the waste products in the 

food industry [3]. Furthermore, the researchers 

are directed towards the study of the e�ects of 

pretreatment processes with various metal salts 

using various natural dyes, both on the colour-

ing shades as well as on their resilience to the 

washing and UV radiation [2–4]. Apart from 

other positive e�ects, the colouring with indi-

vidual natural dyes is a prospective outlook to-

wards the functionalization of textiles as a pro-

tection against harmful UV radiation [5, 6] 

and in some cases, to obtain antimicrobial ef-

fects [6].

Ultraviolet (UV) radiation is a part of opti-

cal radiation and covers the wavelength re-

gion 100–380 nm [7]. One quant corresponds 

to the energy from 2.5–12.5 eV. �e UV rang-

es are presented in Table 1. �e most energe- 

tic UV range is the so called “Schumann UV” 

or “vacuum UV”, which is strongly absorbed in 
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-
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-

stanja, koncentracije barvila, vrste vlaken, kovinskih soli, vira sve-

tlobe, pogojev izpostavitve in prisotnosti drugih substanc na tek- 

1.2 Kemijska struktura izbranih naravnih barvil
-

-

Rdeča pesa (Beta vulgaris) -

-

-

-

-

-

či pesi, delež vsebnosti drugih barvil iz skupine batalainov je odvi-

Figure 1: Structural formula of betanin [11]

Rdeče zelje (Brassica oleracea), črni ribez (Ribes nigrum), čebu-

la (Allium cepa) in hibiskus (Hibiscus) vsebujejo naravna barvila 

-

-

the atmospheric gases. It has only a small in$u-

ence on the Earth, while its true signi!cance is 

in space. �e most important natural source of 

UV radiation is the sun, which emits UV radi-

ation over the whole spectral range. �e ozone 

layer absorbs most of the UV-C radiation, thus 

only the UV-B and UV-A radiation seems to be 

of importance. �e thinning of the ozone lay-

er leads to a reduced protection against short-

wave radiation. Consequently, a larger amount 

of harmful solar radiation reaches the Earth, 

causing damages to the cells of living orga- 

nisms. 

UV radiation is an important natural muta-

gen. Its in$uence on organic compounds can 

be complex, since many various chemical mole-

cules are usually present. Moreover, each chem-

ical bond absorbs UV radiation di�erently. 

Carbon compounds which include π-electron 

systems are the most susceptible to the UV ab-

sorption. �e π-electron system in natural or-

ganisms has the most signi!cant protective 

function [8].   

Textiles can also o�er protection against UV 

radiation. �eir protective ability depends on 

their chemical structure and structural param-

eters (porosity, mass per unit area, thickness, 

production process). Also the presence of dyes, 

pigments and other auxiliary agents, reducing 

or blocking the harmful UV radiation in the 

wave range 290–400, in$uence the protection 

against UV radiation [5, 6, 9].

UV radiation also a�ects dyed fabrics or prod-

ucts. It can be seen from the literature that the 

colourfastness of natural dyes to UV radiation 

depends on several factors, i.e. chemical struc-

ture, physical state, dye concentration, !bre 

type, mordant type, light source, exposure con-

ditions and the presence of other substances on 

textiles. Natural dyes from the $avonoids group 

are much less resistant to UV radiation than 

the natural dyes from the anthraquinones and 

indigoids group [10].

 natural dyes

Natural dyes are colouring matters that are 

produced in the cells of living organisms. �ey 

can be divided into !ve main groups, i.e. qui-

none derivatives, pyrrole derivatives, pyran de-
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-

-

-

Figure 2: Structural formula of anthocyan [11]

-

-

Figure 3: Structural formula of delphynidin [12]   

-

Figure 4: Structural formula of malvidin [11]

-

-

rivatives and pyrimidine derivatives [11]. �e 

research focuses on those natural dyes which 

have been in use most frequently.

Red beet (Beta vulgaris) contains the natural 

dye betalain. Betalains are water-soluble dyes 

that contain nitrogen and are classi!ed as pyr-

role derivatives [12, 13]. �eir water solutions 

change the colour when the pH changes; there-

fore, they are used as natural pH indicators. 

�ey usually appear in yellow-orange colour 

shades in the presence of betaxanthins and in 

red-violet colour shades in the presence of be-

tacyanins, the most common being betanin (cf. 

Figure 1). �e latter occurs most naturally in 

red beet. �e percentage of other compounds 

from the betalain group depends on the culti-

var of red beet.

Red cabbage (Brassica oleracea), black currant 

(Ribes nigrum), onions (Allium cepa) and hi-

biscus (Hibiscus) contain natural dyes from an-

thocyanidins, which represent the largest group 

of $avonoids and are classi!ed as pyran deriva-

tives. Flavonoids as water-soluble dyes in strong 

yellow, red, violet and blue colours mainly ap-

pear in plant $owers and fruits. Anthocyani-

dins strongly absorb light in the visible spectral 

range. Various colours of particular anthocyan-

idin dyes are a result of a double bond and hy-

droxyl group shi"s on the main structure. �e 

basic chemical structure of anthocyanins is pre-

sented in Figure 2.

Black currant contains a mixture of anthocya-

nins, more speci!cally cyanidin and delphinidin 

(cf. Figure 3) or their derivatives. Among them, 

delphinidin-3-glucoside is prevailing. �e black 

currant extract gives blue-violet to violet colour 

shades [12, 14].

Hibiscus $owers contain malvidin, which is 

one of the delphinidin derivatives and is clas-

si!ed as anthocyanidin. �e chemical structure 

of malvidin is presented in Figure 4. While this 

dye is less soluble in water, it is completely solu-

ble in ethanol.

Researches showed that red cabbage contains 

a mixture of natural dyes from the $avonoid 

group, with anthocyanins prevailing, mainly 

malvidin derivatives (cf. Figure 4), malvidin-

5-glucoside and malvidin 3,5-diglucoside [15].

Onion skin contains a mixture of $avonols 

and anthocyanins, the most important being 
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-

Figure 5: Structural formula of quercitrin [11]

Cvetovi žafranike Carthamus tinctorius -

-

-

-

Figure 6: Structural formula of carthamin [12]

quercetin derivatives [16]. One of them is also 

quercitrin, which is shown in Figure 5. With 

onion skin extracts, yellow to yellow-red colour 

shades can be obtained.

Flowers of sa�ower (Carthamus tinctorius) 

can appear in yellow, orange or red colours. 

Sa�ower is highly valued in cooking as it can 

be used for the colouring of di�erent foods as 

a cheaper substitute for sa�ron. It is also used 

in the dyeing of textile !bres, especially natu-

ral !bres, gaining various colour shades from 

yellow, orange, red to olive green. �e $ow-

ers of sa�ower contain 0.3–0.6% of red dye – 

Carthamin, also known as C.I. Natural Red 26 

and 25–30% of yellow dye (C.I. Natural Yellow 

5) [12]. Carthamin natural dye, the structur-

al formula of which is presented in Figure 6, is 

classi!ed as a quinone derivative.

Researches that include the investigation of the 

e�ect of time of the UV radiation exposure on 

the changes in the colourings with natural dyes 

are rare. �erefore, the goal of the research was 

a colorimetric evaluation of the change in the 

colourings of a fabric dyed with chosen natural 

dyes a"er di�erent exposure times.

2 Experimental 

For dyeing, a bleached cotton fabric was used in 

atlas weave with 295 g/m2 mass per unit area 

and density of 40 threads/cm in warp and 30 

threads/cm in we" direction.

 

Mordanting was performed with the exhaus-

tion process with the addition of KAl(SO
4
)

2 
× 

12 H
2
O (50 g/l) at boiling for 5 min and the liq-

uor ratio 1 : 20. 

 

In this study, we used 6 di�erent natural dye 

extracts from sa�ower (Carthamus tinctori-

us, Sample A), onion (Allium cepa, Sample B), 

hibiscus (Hibiscus, Sample C), black currant 

(Ribes nigrum, Sample D), red beet (Beta vul-

garis, Sample E) and red cabbage (Brassica ol-

eracea, Sample F). �e dyeing baths were pre-

pared from natural juices with 65% of fruit 

content (Samples D, E and F) and from the ex-



Vpliv UV-sevanja na obarvanja bombažnih tkanin z naravnimi barvili

Tekstilec, 2011, letn. 54, št. 4–6, str. 69–79 

74

2.1 Tkanina

2.2 Postopek predobdelave s kovinskimi solmi
× 

2.3 Barvanje

Carthamus tinctorius Allium cepa, 

Hibiscus Ribes ni-

grum Beta vulgaris

Brassica oleracea -

-

-

-

-

-

2.4 Osvetljevanje vzorcev

-

 
o

2.5 Barvnometrično vrednotenje obarvanj

-

-

-

tracts of dried materials (Samples A, B and C). 

�e latter were prepared with the boiling of 0.5 

g of dry mass in 200 ml of distilled water.

�e dyeing baths prepared in this way were 

heated to boiling. A"erwards, the soaked and 

wrung out textile fabrics were put inside. �e 

dyeing was performed in a beaker with the ex-

haustion process at boiling for 15 min and the 

liquor ratio 1: 20. During the dyeing, we were 

constantly stirring the dyeing baths. A"er the 

dyeing, the textiles were wrung out and air 

dried, followed by ironing.

Two parallels of dyed cotton samples were illu-

minated in the apparatus Xenotest Alpha (At-

las, USA) according to the SIST ISO 105-B02 

standard. �e light source represents an air-

cooled xenon lamp with an output of radia-

tion 0.8–2.5 kVA and the area of UV radiation 

above 320 nm (using !lter Xenochrome 320), 

which simulates the operation of sunlight be-

hind the window glass. �e samples with 4.5 

× 13 cm in size were inserted into the cham-

ber where a constant temperature of 35 °C and 

70% relative humidity were established. A"er 2, 

4, 6, 9, 12, 14, 16 and 22 hours of exposure to 

illumination, the samples were evaluated color-

imetrically. 

�e di�erence in the colour of textile samples 

before and a"er the arti!cial illumination was 

determined with a two-ray spectrophotometer 

Spectra$ash 600 PLUS-CT (Datacolor, Switzer-

land). In accordance with the EN-ISO 105-J01 

standard, the instrument gives the sample re-

$ection values in a visible range on the basis of 

the relationship between the incoming light and 

the light re$ected from the sample. �e meas-

urements were performed under the following 

conditions: aperture size 9 mm, standard light 

D65, standard observer 10°, number of sample 

layers 4. Each sample was measured 5 times. 

�e total colour di�erence,
 
∆E*

ab
, was calcu-

lated from the di�erences in coordinates in all 

three directions of the CIELAB colour space ac-

cording to Equation 1 [17].
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o

Celotno barvno razliko, ∆E*
ab

  

∆L* = L*
B
 – L*

S

∆a* = a*
B
 – a*

S 

∆b* = b*
B
 – b*

S

-

vili iz hibiskusa svetlo vijoličasto obarvanje, iz rdeče pese in črne-

-

3.1 Svetlost, L*, obarvanih tkanin po osvetljevanju

�e di�erences between the sample, V, and 

standard, S, were calculated using Equations 

2–4. A non-illuminated dyed fabric was used as 

the standard.

3 Results and discussion

Table 2 presents the CIELAB values of dyed 

samples before and a"er the illumination. By 

applying the dyes from sa�ower and onion 

onto a cotton fabric, yellow hues were obtained.

�e dyes from hibiscus gave a light violet col-

our, those from red beet and black currant a 

red-violet colour and those from red cabbage a 

blue-violet hue.

Figure 7 presents the values of lightness, L*, af-

ter di�erent illumination times for the dyed 

samples. Before the exposure to light, the high-

est values of lightness were measured on Sample 

A, dyed with sa�ower, and the lowest on Sam-

ple F, dyed with red cabbage (cf. Table 2). A"er 

22 hours of illumination, the fabrics dyed with 

sa�ower (Sample A) reached the highest value 

of lightness among all samples, despite the fact 

that the lightness increased only by 2.07 units.

Table 2: Measured values of L*, a*, b*, C*
ab

 and h
ab

 of dyed samples

L* a* b* C*
ab

h
ab

L* po različnih časovnih obdo-

-

-

-

�e results also show that a"er 22 hours of ex-

posure, the increase in lightness was the most 

evident on Sample F, dyed with red cabbage, as 

the lightness of this sample increased by 23.53 

units. Nevertheless, the lightness of this sample 

remained the lowest.

For the fabrics dyed with hibiscus (Sample C), 

black currant (Sample D) and red beet (Sam-
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vrednost L -

razito, saj se je vrednost L -
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Figure 7: Lightness, L*, of dyed samples a"er di�erent illumination 

times

3.2 Kroma, C*
ab

, obarvanih tkanin po osvetljevanju

C*
ab

 znižujejo in 

-

-

-

ple E), the highest increase in lightness was ob-

served during the !rst six hours of illumination. 

A"erwards, it was increasing more slowly.

�e most intensive colour and the highest val-

ues of chroma were reached with the dyes ob-

tained from onion (Sample B) and red cab-

bage (Sample F). �e lowest values were 

measured on Sample C, dyed with hibiscus (cf. 

Figure 8).

A"er the exposure to light, the values C*
ab 

de-

crease and the colour becomes less intensive on 

all samples, which is in accordance with our 

expectations. �e most evident changes appear 

already a"er 2 or 5 hours. It is evident (cf. Fig-

ure 8) that a"er two hours of illumination, the 

decrease in chroma is especially obvious on yel-

low samples (Sample A – sa�ower and Sample 

B – onion), followed by Sample E (red beet), C 

(hibiscus), D (black currant) and F (red cab-

bage).

A"er 22 hours of illumination, the biggest dif-

ference in chroma was found on Sample F (red 

cabbage) as it exceeded 20 units, followed by 

Samples B, A, E and D. �e smallest change in 

chroma was measured on Sample C (hibiscus), 

which gave at the beginning the least intensive 

colour.

Figure 9 presents the change in values a* and b* 

on the samples during the process of illumina-

tion. �e direction of change is presented with 

arrows.

�e biggest change in hue appeared on Samples 

E (red beet) and F (red cabbage), and the small-

est on Sample A (sa�ower). �e most evident 

change in hue appeared already a"er two hours 

of illumination. Very similar changes were ob-

served on the samples dyed with red beet (E) 

and black currant (D). Both of them gradual-

ly lost their red-blue hue and gained a yellow-

ish one.

Samples A (sa�ower) and B (onion) lost their 

yellow hue during the illumination and became 

very neutral in colour.

0 

5 

10 

15 

20 

25 

30 

0 5 10 15 20 

C*
ab

 

t (h) 

A 

B 

C 

D 

E 

F 

Figure 8: Chroma, C*
ab

, of dyed samples in dependence of time, t 
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nasičenosti, ∆C*
ab

-

3.3 Sprememba barvnega tona po osvetljevanju
a* in b* od za-

-

-

Figure 9: Values a* and b* of dyed samples a"er di�erent illumina-

tion times (2, 4, 6, 9, 12, 14, 16 and 22 hours)

3.4 Celotna barvna razlika po osvetljevanju
-

-

E*
ab

 pri obarvanjih z 

-

sti b a*, to-

-

According to the results (Figure 10), UV radia-

tion caused the most evident changes on Sam-

ple F, dyed with red cabbage, as it reached the 

highest values of ΔE*
ab

. �e smallest di�erences 

a"er the illumination were measured on Sam-

ple A (sa�ower). �e di�erences are expressed 

mostly as the changes in b* (Samples A and B) 

and a* (Sample E) values showing a relatively 

big change in hue. At other samples (C, D, F), 

the colour di�erence was expressed mostly as an 

increase in lightness.

4 Conclusions

As expected, already a short-term exposure of 

dyed cotton samples to UV radiation has a sig-

ni!cant impact on the change in the CIELAB 

values of the colourings with   selected natu-

ral dyes. �e study showed that among all the 

selected natural dyes, UV radiation has the 

smallest in$uence on the total colour di�er-

ence of the dye from quinone derivatives, which 

is present in sa�ower. �erefore, this dye is the 

most resistant to UV radiation compared to 

other dyes from the groups of pyrrole deriva-

tives, present in red beet, and pyran derivatives, 

present in onions, hibiscus, black currant and 

red cabbage.

Note
�e study was conducted within the !nal pro-

ject work by the students from the University of 

Ljubljana, Faculty of Education, chemistry and 

biology programme, during the course Method-

ology of Chemical Education.
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Figure 10: Total colour di�erence, ΔE*
ab

, of dyed samples a"er 22 

hours of illumination

-

-

-

derivatov pirola, prisotnih v rdeči pesi, in derivatov pirana, priso-
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