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Abstract

Silver nitrate (AgNO;) was used as a mordant for dyeing cotton fabric with natural dyes. Due to the high
concentrations of catechin and tannin, green tea was used as a natural dye. The green tea extraction was
performed under neutral and alkaline conditions. Four molar concentrations of AgNO; were used, namely
1,5,10 and 50 mM. Mordanting was performed during dyeing with green tea extracts. The colour (CIE L*a*b*
values) and UV protection factor (UPF) of the dyed cotton samples before and after ten repetitive washings
were measured spectrophotometrically. The results revealed that with the increase of the molar concentra-
tion of AgNO;, the samples became darker, redder and bluer. Dyeing with alkaline green tea extract was not
as successful as dyeing with neutral green tea extract. Different shades of cotton were achieved when dye-
ing with neutral green tea extract and mordanting with different molar concentrations of AgNO;. Using
50 mM AgNQ; achieved a very dark grey (almost black) colour. Cotton samples dyed with neutral green tea
extract had excellent UV protective properties (50+4), some even after washing.
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Izvlecek

Pri barvanju bombazne tkanine z naravnim barvilom je bil kot ¢imza uporabljen srebrov nitrat (AgNO,). Kot na-
ravno barvilo je bil uporabljen zeleni ¢aj, saj ima visoko vsebnost katehina in creslovine. Barvilo zelenega caja je
bilo ekstrahirano pri nevtralnih in alkalnih pogajih. CimzZanje je bilo opravljeno med barvalnim postopkom, z upo-
rabo stirih molarnih koncentracij AgNO,, in sicer 1, 5, 10 ter 50 mM. Barvo (CIE L*a*b* vrednosti) in UV-zas¢itni fak-
tor (UZF) pobarvanih bombaznih vzorcev smo spektofotometricno izmerili pred 10 zaporednimi pranji in po njih.
Rezultati kazejo, da z ve¢anjem molarne koncentracije srebrovega nitrata postanejo barve vzorcev temnejse, bolj
rdece in bolj modre. Barvanje z alkalnim ekstraktom zelenega caja ni bilo tako uspesno kot z nevtralnim izvleckom
zelenega caja. Pri barvanju z nevtralnim izvleckom zelenega aja in z uporabo ¢imze razlicnih molarnih koncen-
tracij srebrovega nitrata so bili doseZeni razlicni odtenki bombaZza. Pri uporabi 50 mM AgNO; so bili doseZeni zelo
temni (skoraj ¢rni) odtenki. Bombazni vzorci, pobarvani z nevtralnim izvleckom zelenega caja, so dosegli odlicno
UV-zascito (50+), nekateri tudi po veckratnem pranju.

Klju¢ne besede: barvanje, zeleni ¢aj, cimZanje, srebrov nitrat, barve, UV-zascita
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1 Introduction

Synthetic dyes are being increasingly used in the
process of dyeing, mostly because of the lower price
compared to that of their natural counterparts. The
fact that their production and use has a tremendous
impact on the environment plays an insignificant
role. However, natural extracts including dyes have
become more popular over recent years because of
their better biodegradability and their compatibilities
with the environment. Most natural dyes also pos-
sess some functional properties [1-4]. Natural ex-
tracts have become quite popular amongst environ-
mentally conscious consumers and are receiving
more and more attention on the market. Green tea
extract, which can be used as a natural dye, has vari-
ous characteristics such as anti-carcinogenic, anti-
oxidant, anti-bacterial and anti-allergic properties
[5-10]. Green tea also has high UV protection due to
its main component of catechin moiety. The most
important ingredient in green tea is tea polyphenol,
which is mainly composed of catechin (the main
component representing more than 80%), flavones,
anthocyan, tannin, and phenolic acid. Catechins’ pri-
mary four compounds are (-)-epicatechin (EC),
(-)-epigallocatechin (EGC), (-)-epicatechin gallate
(ECG), and (-)-epigallocatechin gallate (EGCG),
which is the predominant compound [11, 12]. Kim
T. K. [13] discovered that cotton and nylon fabrics
treated with green tea extracts have good antioxidant
activities. Hwang et al. [14] discovered the deodori-
sation function of cotton, silk and wool treated with
tea extract. The extract of green tea, used in Shin and
Choi’s research [15, 16], showed relatively good affin-
ity with protein and polyamide fibres, and low affini-
ty to cellulosic fibres. Cotton’s uptake of the tea ex-
tract was improved using the cationic agents during
the process of pre-treatment. Chun et al. [17, 18]
used natural mordants such as camellia ash, bean
chaff ash and pyro-lignite of iron for dyeing silk fab-
rics with green tea extracts. After dyeing, the meas-
urements of the contents of four kinds of catechins
absorbed within the silk fabrics were in the following
order: EGCG>ECG>EGC>EC. Deo and Desai [19]
dyed cotton and jute fabrics with an aqueous extract
of tea using three mordant dyeing methods. This re-
sulted in deeper colour shades for jute and medium
shades for cotton with good wash and light fastness.
Kim [20] treated cotton fabrics with chitosan and
dyed them with green tea extracts afterwards. The
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results showed good UV protection properties. Cate-
chin contributes to UV protective properties. Kim
[21] also focused his research on the ultraviolet pro-
tection properties of different kinds of fabrics dyed
with green tea extract. The highest UV-A protective
properties were shown by silk, followed by wool, ny-
lon and acrylic, PET and cotton; higher UV-B pro-
tective properties were also shown by silk, followed
by nylon, wool, acrylic, cotton and PET. All of these
properties are dependent on several parameters, such
as extraction conditions, pH of the extract or dyeing
solution, and the temperature of the dyeing solution
[22-24]. Kim et al. [22] researched the optimum ex-
traction conditions of green tea. 1 g of green tea was
mixed with 100 ml of water, methanol or ethanol us-
ing different extraction temperatures. The optimum
extraction was shown in water and methanol rather
than in ethanol. The extracts showed greater stability
under acidic and neutral conditions than in the alka-
line region. CIE L*a*b* results for green tea extract
aqueous solutions at different pH (from 3 to 11)
showed that the increase of pH of the solution caused
the extract to be darker, redder and yellower. The pH
of an extract also influences the adsorption proper-
ties regarding textiles. Son et al. [23] discovered that
the optimum dyeing conditions for dyeing nylon,
cotton, rayon and lyocell fabrics with green tea ex-
tract was at pH = 5, where the adsorption of green
tea extract was the highest. Higher temperatures
combined with longer dyeing times caused higher
K/S values and deeper shades of colour [24]. As al-
ready mentioned, green tea extract has low affinity to
cellulosic fibres; therefore the use of mordants is nec-
essary. In the process of dyeing, different mordants
can be used, predominantly metallic. However, chi-
tosan can be used as well [25]. Ghaheh et al. [26] car-
ried out an assessment of the antibacterial activities
of wool fabrics dyed with five different natural dyes,
amongst which was also green tea extract. Alumini-
um sulphate, used as a mordant, caused the improve-
ment and durability of antibacterial effects after five
cycles of washing and 300 min of light exposure.
Shin et al. [24] used ferric sulphate as a mordant in
their study because tannin and all kinds of metallic
mordants react and produce different colour shades.
The purpose of our research was to achieve different
colour shades of cotton using green tea extract and
mordant that is not usually used for dyeing - silver
nitrate. Four different concentrations of mordant and
two extraction methods were used.
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2 Materials and methods

Material
100% bleached cotton plane weaved fabric (Teksti-
na, Ajdovécina) was used for the research.

Mordanting

The mordanting of cotton fabric was performed as
meta-mordanting (mordanting during dyeing) with
different molar concentrations of silver nitrate (Ag-
NO,), i.e. 1 mM, 5 mM, 10 mM and 50 mM. The
volume ratio between mordant and green tea ex-
tract was 1:1.

Extraction of green tea

Green tea was extracted under neutral and alka-
line conditions. The neutral extract was prepared
in deionised water with 20 g/I of green tea crushed
leaves. The leaves were inserted within cold water.
The mixture was heated and when it reached 95°C,
the extraction took 5 min. Afterwards the mixture
was left to cool for 30 min and then filtered to re-
move any of the solid particulates. The alkaline
green tea extract was performed in the same man-
ner however 5 g/l of Na,CO, was added to the
mixture.

Dyeing

Dyeing of non-mordanted and mordanted cotton
was performed in stainless-steal flasks, at goods to
liquor ratio 1:20, at 60°C, for 40 min. After dyeing,

Table 1: Sample marking according to the treatment
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rinsing of the samples was performed in deionised
water. The samples were air-dried at room tempera-
ture. The samples were marked according to their
treatments and are presented in Table 1.

Wash-fastness

The dyed samples were washed in laboratory ap-
paratus Launder-o-meter, according to EN ISO
105-C06 standard. The size of the sample was 100
x 40 mm, the wash bath contained 4 g/l ECE phos-
phate reference detergent B, the volume of the
bath was 150 ml, the temperature of the bath was
40°C and the time of washing 30 minutes. Ten
stainless steel globules were added into each bath
to perform washing, which corresponded to five
domestic washings. After washing, the samples
were rinsed twice in deionised water and air-dried
at room temperature.

Colour measurements
CIE L*a*b* colour values and reflectance (R) of the
samples were measured using reflectance spectro-
photometer Datacolor PLUS. From the CIE L*a*b*
colour values, colour differences were calculated ac-
cording to equation 1:

AE* = |AL? + Aa*? + Ab*, )

where AL* is the lightness difference, Aa* is the red/
green difference and Ab* is the yellow/blue differ-
ence between standard and batch.

Marking of sample Treatment of sample
Un Untreated
GT_H,O Dyed with neutral green tea extract (extraction in deionised water)
GT_Na,CO, Dyed with alkaline green tea extract (extraction in mixture of deionised

water and sodium carbonate)

1 mM + GT_H,O

Mordanted with 1 mM AgNO, and dyed with neutral green tea extract

5mM + GT_H,0

Mordanted with 5 mM AgNO, and dyed with neutral green tea extract

10 mM + GT_H,0

Mordanted with 10 mM AgNO, and dyed with neutral green tea extract

50 mM + GT_H,O

Mordanted with 50 mM AgNO, and dyed with neutral green tea extract

1 mM + GT_Na,CO;,

Mordanted with 1 mM AgNO, and dyed with alkaline green tea extract

5 mM + GT_Na,CO,

Mordanted with 5 mM AgNO, and dyed with alkaline green tea extract

10 mM + GT_Na,CO,

Mordanted with 10 mM AgNO, and dyed with alkaline green tea extract

50 mM + GT_Na,CO,

Mordanted with 50 mM AgNO, and dyed with alkaline green tea extract

w

10-times washed samples
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From the reflectance measurements, K/S values
were calculated according to equation 2:
K (1-R)
T _ 2
S 2R 2)
where R is the reflectance, K is the absorbance and S
is the scattering.

UV protection factor measurements

The cotton samples were analysed for their UV pro-
tective properties on a Varian CARY 1E UV/VIS
spectrophotometer containing a DRA-CA-301 inte-
gration sphere and Solarscreen software. The trans-
mittance measurements and calculations of the ul-
traviolet protection factor (UPF) were carried out in
accordance with the AATCC TM 183 standard.

3 Results and discussion

During the experiment we noticed that the colour
of the green tea extract was much darker when the
green tea was extracted under alkaline conditions
(in a mixture of deionised water and Na,CO,) than
under neutral conditions (only in deionised wa-
ter). This observation is in accordance with litera-
ture [22]. As the extract was darker, the expected
result was darker coloration of the dyed cotton.
However, the results show differently. The CIE
L*a*b* colour values (Table 2) show that the cot-
ton dyed with alkaline green tea extract was light-
er, less red and less yellow than the cotton dyed
with neutral green tea extract. The K/S value of the
cotton dyed with neutral green tea extract (GT_
H,0) was higher than the K/S value of cotton dyed
with alkaline green tea extract (GT_Na,CO;) (Ta-
ble 2), meaning that dye uptake was lower for the
GT_Na,CO, sample. Cellulosic fibres, such as cot-
ton, when in contact with water gain slightly nega-
tive charge due to the ionisations of the hydroxyl
groups [27]. At a pH higher than 8, some of the
hydroxyl groups in the hydroxymethyl side chains
may also be ionised thus increasing the negative
charge significantly [28]. The negative charges on
the surface of the cellulose repel anionic dyes and
hence the efficiency of dye adsorption on cellulosic
fibres is generally low. The increase of the molar
concentration of AgNO, increases the dyeability
with green tea extract (Table 2). The K/S values of
those cotton samples dyed with neutral green tea
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extract increased from 0.61 for non-mordanted to
1.01 for mordanted with 1 mM AgNO,, and up to
10.51 for mordanted with 50 mM AgNO,. The K/S
values of the cotton samples dyed with alkaline
green tea extract were lower, ranging from 0.41 for
non-mordanted to 1.93 for 50 mM AgNO, mor-
danted. Cotton samples dyed with neutral green tea
extract and mordanted with higher molar concen-
tration of AgNO, were darker, redder and bluer, ex-
cept the sample mordanted with 50 mM AgNO,
that was less yellow (Table 2). Meta-mordanting
during alkaline green tea extract dyeing gave dark-
er, redder and yellower colorations of the dyed cot-
ton (Table 2).

Table 2: CIE L*a*b* colour values and K/S values of
cotton dyed with green tea extract

Sample L* | a* b* | KIS
Un 95.65(-0.27 | 2.09 | 0.02
GT_H,0 81.20| 3.90 | 1532 | 0.61
GT_Na,CO, 8295| 146 | 13.77 | 047
1 mM + GT_H,0 69.58| 5.70 | 16.15 | 1.01
5mM + GT_H,0 50.65|13.92 | 29.03 | 5.77
10 mM + GT_H,0O 39.63|13.47 | 18.83 |10.19
50 mM + GT_H,0 33.84| 1.90 | 7.37 |10.51
1 mM + GT_Na,CO; |75.02| 213 | 9.62 | 0.57
5mM + GT_Na,CO, | 6945| 7.14 | 22.34 | 1.19
10 mM + GT_Na,CO; | 69.08| 6.23 | 29.06 | 1.66
50 mM + GT_Na,CO, | 67.87| 7.74 | 31.73 | 193

The colour differences (AE*) between the non-
mordanted and mordanted samples are presented
in Figure 1. The differences are higher with in-
creasing mordant molar concentration. Even at
low molar concentration (1 mM), the colour dif-
ference between the non-mordanted and mordant-
ed samples was higher than 1, meaning that the
difference was visibly detectible. Colour differenc-
es were higher for samples dyed with neutral green
tea extract. The results are in agreement with the
results of CIE L*a*b* values.

In order to demonstrate the colourful qualities of
the cotton dyed with green tea extract using dif-
ferent molar concentrations of AgNO,, the sam-
ples were photographed and are presented in
Figure 2. Mainly brown shading was achieved,
varying from very pale to dark brown. Dyeing with
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Figure 1: Colour differences (AE*) between the non-
mordanted and mordanted samples dyed with green
tea (GT) extract

neutral green tea extract and mordanting with 50 mM
AgNO, gave dark grey to almost black colorations
of the cotton.

Textiles dyed with natural dyes have poor washing
stability and mordanting helps to improve the wash
fastness. Therefore, samples dyed with green tea
extract were repetitively washed 10-times. The CIE
L*a*b* values of the washed samples are presented
in Table 3, and the colour differences between non-
washed and washed samples in Figure 3. The non-
mordanted sample dyed with neutral green tea ex-
tract was lighter, redder and less yellow after
washing, while the non-mordanted sample dyed
with alkaline green tea extract became lighter, less
red and less yellow (Table 3). The colour difference
was higher for the sample dyed with alkaline green
tea extract than for the sample dyed with neutral
green tea extract (Figure 3). The reason is in the
poor adsorption of the dye onto cotton and is
therefore easily removed with washing. Mordant-
ing with AgNO, did not drastically improve the
wash fastness of the dyed samples. The colour dif-
ferences in all cases were higher than 1, meaning
that colour difference was detectable (Figure 3).
The best results for wash fastness were achieved for
the sample dyed with neutral green tea extract and
mordanted with 50 mM of AgNO, (sample 50 mM
+ GT_H,0) (Figure 3).
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1'mM + GT_H,0

5mM+ GTIH,0

5 mM + GT_Na,CO,

10 mM + GT..H,;0

10 MM +GT..Na,CO4

50 mM + GTH;0

50 mM + GT_Na,CO,

Figure 2: Photographs of samples dyed with green tea
extract

Table 3: CIE L*a*b* values of washed (w) samples of
cotton dyed with green tea extract

Sample I a* b*
GT_H,O_w 82.03 | 4.34 | 10.96
GT_Na,CO, w 89.71 | 091 | 7.89
1 mM + GT_H,O_w 7285 | 593 | 16.29
5mM + GT_H,0_w 5148 | 11.84 | 2451
10 mM + GT_H,O_w 41.06 | 11.46 | 18.86
50 mM + GT_H,O_w 3957 | L13 | 527
1 mM +GT_Na,CO, w | 7888 | 191 | 590
5mM + GT_Na,CO, w | 7105 | 9.11 | 3422
10 mM + GT_Na2CO,_w | 71.22 | 7.67 | 19.69
50 mM + GT_Na,CO,_w | 7347 | 476 | 26.60
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Figure 3: Colour differences (AE*) between the non-
washed and 10-times washed samples dyed with

green tea extract

The Influence of Mordanting with Silver Nitrate on
the Dyeability and UV Protection of Cotton Dyed with Green Tea

Green tea extracts are known for their good UV ab-
sorption properties [20, 21]. The UV transmission and
UV protection factor of the dyed samples were meas-
ured (Table 4). The samples dyed with neutral green
tea extract had excellent protective properties against
UV radiation (50+), with the UPF values ranging from
66.44 for the non-mordanted sample up to 497.68 for
the 50 mM AgNO, mordanted sample. Mordanting
with AgNO, greatly increased the UV protection of
the cotton dyed with neutral green tea extract. Al-
though the mordanted samples dyed with alkaline
green tea extract were darker than the non-mordanted
sample, the UPF values are lower than for the non-
mordanted sample. The exception was the sample
50 mM + GT_Na,CO,, which had a higher UPF val-
ue. We could not find the reason for such results. After
washing, the samples dyed with alkaline green tea ex-
tract had poor UV protection properties, with UPF
values ranging from 8 to 15. The samples dyed with
neutral green tea extract had very good UV protection
properties even after ten repetitive washings. The non-

Table 4: Ultraviolet protection factor (UPF), UVA and UVB blocking properties, transmission (T) in the UVA and
UVB regions and ultraviolet radiation (UVR) of the dyed and mordanted samples, before and after washing (w)

UVA UVB
Sample UPF blocking | blocking | T (UVA) | T(UVB) | T (UVR)
(%) (%)
Un 5.60 77.09 83.57 2291 16.44 20.69
GT_H,O 66.44 96.26 98.85 3.74 1.15 2.94
GT_Na,CO, 22.15 92.23 96.43 7.77 3.57 6.45
1 mM + GT_H,O 41.31 95.96 98.01 4.04 1.99 3.39
5mM + GT_H,0 81.05 98.79 98.95 1.21 1.05 1.14
10 mM + GT_H,0O 139.65 99.40 99.37 0.60 0.63 0.60
50 mM + GT_H,0O 497.68 99.82 99.81 0.18 0.19 0.18
1 mM + GT_Na,CO;, 14.11 90.51 94.12 9.49 5.88 8.31
5 mM + GT_Na,CO, 16.92 94.48 94.90 5.52 5.01 5.28
10 mM + GT_Na,CO;, 20.71 95.92 95.63 4.08 4.37 4.09
50 mM + GT_Na,CO, 28.30 96.66 96.74 3.34 3.03 3.20
GT_H,O_w 21.26 93.73 95.72 6.27 4.28 5.60
GT_Na,CO;_w 8.63 83.48 89.72 16.52 10.28 14.48
1 mM + GT_H,O_w 27.58 92.61 96.75 7.39 3.25 6.10
5mM + GT_H,O_w 53.30 98.50 98.40 1.51 1.61 1.51
10 mM + GT_H,O_w 127.23 99.43 99.34 0.60 0.63 0.60
50 mM + GT_H,O_w 416.49 99.78 99.77 0.22 0.23 0.22
1 mM + GT_Na,CO;_w 8.45 86.11 89.61 13.89 10.40 12.67
5mM + GT_Na,CO,_w 11.60 92.42 92.41 7.58 7.59 7.46
10 mM + GT_Na,CO;_ w 13.71 93.89 93.37 6.11 6.63 6.15
50 mM + GT_Na,CO,_w 15.67 94.96 94.49 5.04 5.51 5.09
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mordanted sample and the sample mordanted with 1
mM AgNO, had lost excellent UV protection proper-
ties. Their UPF values were 21.26 and 27.58, respec-
tively. The protection categories for these two samples
were good and very good. The samples mordanted
with higher molar concentrations of AgNO; and dyed
with neutral green tea extract maintained their excel-
lent (50+) protective properties against harmful UV
radiation after ten repetitive washings.

4 Conclusion

Bleached cotton fabric was dyed with green tea ex-
tract and mordanted during dyeing with silver ni-
trate. Green tea was extracted under neutral and al-
kaline conditions. Silver nitrate was added into a
dyebath at four molar concentrations, i.e. 1, 5, 10
and 50 mM. With the increased molar concentra-
tion of mordant the dyed cotton was darker, redder
and bluer, meaning that different colorations of the
cotton were achieved. The dyeability of the cotton
was higher when it was dyed with neutral green tea
extract than with alkaline. Consequently, mordant-
ing with higher molar concentration of silver nitrate
did not have such an influence on the dyeability of
the cotton than when it was added into the neutral
dyebath (neutral green tea extract). Different brown
colourings of cotton fabric can be achieved by
choosing the right molar concentrations of mordant.
Dark grey coloration of the cotton was achieved
when it was dyed with neutral green tea extract and
mordanted with 50 mM of silver nitrate. Cotton fab-
rics had very high UV protection factor (even up to
400). Even after repetitive washing the UV protec-
tion of the samples dyed with neutral green tea ex-
tract and mordanted was excellent. However, the
dyed samples had poor colour fastness to washing.

Acknowledgements

The research was financially supported by the Slove-
nian Research Agency (programme Textiles and Ecol-
ogy P2 - 0213).

References
1. BECHTOLD, Thomas, TURCANU, A., GAN-

GLBERGER, Erika and GEISSLER, Susanne.
Natural dyes in modern textile dyehouses — how

The Influence of Mordanting with Silver Nitrate on 197
the Dyeability and UV Protection of Cotton Dyed with Green Tea

to combine experiences of two centuries to meet
the demands of the future? Journal of Cleaner
Production, 2003, 11(5), 499-509, doi: 10.1016/
50959-6526(02)00077-X.

2. GIRI DEV Venkateshwarapuram Rengaswami,
VENUGOPAL, Jayarama, SUDHA, §., DEEPI-
KA, Gupta and RAMAKRISHNA, Seeram. Dye-
ing and antimicrobial characteristics of chitosan
treated wool fabrics with henna dye. Carbohy-
drate Polymers, 2009, 75(4), 646-650, doi:
10.1016/j.carbpol.2008.09.003.

3. GRIFONI, Daniele, BACCI, Laura, ZIPOLI, Ga-
etano, CARRERAS, Giulia, BARONTI, Silvia
and SABATINTI, Francesco. Laboratory and out-
door assesment of UV protection offered by flax
and hemp fabrics dyed with natural dyes. Photo-
chemistry and Photobiology, 2009, 85(1), 313-
320, doi: 10.1111/§.1751-1097.2008.00439.x.

4. SINGH, Rajni, JAIN, Aastha, PANWAR, Shikha,
GUPTA, Deepti and KHARE, S.K. Antimicro-
bial activity of some natural dyes. Dyes and Pig-
ments, 2005, 66(2), 99-102, doi: 10.1016/j.dyepig.
2004.09.005.

5. HIBASAMI, Hiroshihe, ACHIWA, Yumiko,
FUJIKAWA, Takahiko and KOMIYA, Takashi.
Induction of programmed cell death (apoptosis)
in human lymphoid leukemia cells by catechin
compounds. Anticancer Research, 1996, 16(4A),
1943-1946.

6. HIROSE, Masao, MIZOGUCH]I, Yasumoto, YAO-
NO, Makoto, TANAKA, Hikaru, YAMAGUCH],
Tsuyoshi and SHIRAI, Tomoyuki. Effects of
green tea catechins on the progression or late
promotion stage of mammary gland carcino-
genesis in female Sprague-Dawley rats pretreat-
ed with 7,12-dimethylbenz(a)anthracene. Can-
cer Letters, 1997, 112(2), 141-147, doi: 10.1016/
S0304-3835(96)04560-0.

7. KATIYAR, Santosh K., AGARWAL, Rajesh and
MUKHTAR, Hasan. Protection against malig-
nant conversion of chemically induced benign
skin papillomas to squamous cell carcinomas in
SENCAR mice by a polyphenolic fraction iso-
lated from green tea. Cancer Research, 1993,
53(22), 5409-5412.

8. KATIYAR, S. K; MUKHTAR, H. Metabolic con-
sequences of changing dietary patterns. World
Review of Nutrition Diet, 1996, 79, 154-184.

9. NELSON, Bryant C., THOMAS, Jeanice Brown,
WISE, Stephen A. and DALLUGE, Joseph J. The

Tekstilec, 2015, letn. 58(3), str. 191-198



198

10.

11.

12.

13.

14.

15.

16.

17.

separation of green tea catechins by micellar
electrokinetic chromatography. Journal of Micro-
column Separations, 1998, 10(8), 671-679, doi:
10.1002/(SICI)1520-667X(1998)10:8<671::AID-
MCS6>3.0.CO;2-A.

SETIAWAN, Veronica Wendy, ZHANG, Zuo-
Feng, YU, Guo-Pei, LU, Qing-Yi, LI, Yong-Liang,
LU, Ming-Lan, WANG, Ming-Rong, GUO,
Chun Hua, YU, Shun-Zhang, KURTZ, Robert C.
and HSIEH, Chung-Cheng. Protective effect of
green tea on the risks of chronic gastritis and
stomach cancer. International Journal of Cancer,
2001, 92(4), 600-604, doi: 10.1002/ijc.1231.
DALLUGE, Joseph J., NELSON, Bryant C., THO-
MAS, Jeanice Brown and SANDER, Lane C. Se-
lection of column and gradient elution system for
the separation of catechins in the green tea using
high-performance liquid chromatography. Jour-
nal of Chromatography A, 1998, 793(2), 265-274,
doi: 10.1016/S0021-9673(97)00906-0.

CHU, Kai On, WANG, Chi Chiu, ROGERS,
Michael Scott, CHOY, Kwong Wai and PANG,
Chi Pui. Determination of catechins and cate-
chin gallates in biological fluids by HPLC with
coulometric array detection and solid phase ex-
traction. Analytica Chimica Acta, 2004, 510(1),
69-76, doi: 10.1016/j.aca.2003.12.060.

SON, Son-Gi, JANG, Kyung-Jin, KIM, Tae-
Kyeong, JUNG, Jong-Suc and CHOI, Young-
Hee. Functional dyeing and finishing using cat-
echins extracted from green tea (II) — Evaluation
of anti-oxidant activity of the fabrics treated
with green tea extracts. Journal of Korean Socie-
ty of Dyers and Finishers, 2008, 20(5), 7-13, doi:
10.5764/TCFE.2008.20.5.007.

HWANG, Eun-Kyung, LEE, Young-Hee and
KIM, Han-Do. Dyeing and deodorizing proper-
ties of cotton, silk, and wool fabrics dyed with
various natural colorants. Journal of the Korean
Society of Dyers and Finishers, 2007, 19(6), 12-20.
SHIN, Younsook and CHOI, Hee. Characteris-
tics and dyeing properties of green tea colorants
(Part I) - Components and characteristics of
green tea colorants. Journal of the Korean Society
of Clothing and Textiles, 1999, 23(1), 140-146.
SHIN, Younsook and CHOI, Hee. Characteristics
and dyeing properties of green tea colorants (Part
III) - Dyeing properties cotton with green tea
colorants. Journal of the Korean Society of Cloth-
ing and Textiles, 1999, 23(4), 510-516.

CHOI, Suk Chul, JUNG, Jin Soun, and CHUN,
Tae IL. The effect of mordants on the silk fabrics
dyed with green tea extracts (I) - Analysis of
natural mordants and the effect on color chang-
es. Journal of Korean Society of Dyers and Fin-
ishers, 1999, 11(3), 15-22.

The Influence of Mordanting with Silver Nitrate on
the Dyeability and UV Protection of Cotton Dyed with Green Tea

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

SON, Ji-Hyon, LEE, Myung-Sun and CHUN,
Tae-II. Catechins content and color values of
silk fabrics dyed with Korean green tea extracts.
Journal of Korean Society of Dyers and Finishers,
2006, 18(1), 10-19.

DEO, H. T;; DESAI B. K. Dyeing of the cotton
and jute with tea as a natural dye. Coloration
Technology, 1999, 115(7-8), 224-227, doi:
10.1111/j.1478-4408.1999.tb00360.x.

KIM, Sin-hee. Dyeing characteristics and UV
protection property of green tea dyed cotton
fabrics - Focusing on the effect of chitosan mor-
danting condition. Fibers and Polymers, 2006,
7(3), 255-261, doi: 10.1007/BF02875682.

KIM, Sin-Hee. Ultraviolet protection property of
green tea extract dyed fabrics. Journal of Korean
Society of Dyers and Finishers, 2006, 18(6), 80-87.
KIM, Tae-Kyeong, SON, Song-I, JUNG, Jong-
Suc, JANG, Kyung-Jin, KWON, Oh-Kyung,
CHOI, Young-Hee and JEONG, Young-Han.
Functional dyeing and finishing using catechins
extracted from green tea (I) — Extraction opti-
mization, stability, and content analysis of cate-
chins. Journal of Korean Society of Dyers and
Finishers, 2008, 20(2), 75-82, doi: 10.5764/
TCF.2008.20.2.075.

SON, Songi, JANG, Kyungjin, KIM, Taekyeong,
JUNG, Jongsuc and CHOI, Younghee. Func-
tional dyeing and finishing using catechins ex-
tracted from green tea — dyeing optimization
and fastness. Journal of Korean Society of Cloth-
ing Industry, 2009, 11(2), 344-349.

SHIN, Nam-Hee, KIM, Sung-Yeon and CHO,
Kuyung-Rae. A study on dyeing of gray tone
utilizing green tea. Journal of the Korean Society
for Clothing Industry, 2006, 8(3), 343-348.
JUNG, Hye-Kyung and KIM, Sin-Hee. Physical
property evaluation of chitosan mordanted green
tea dyed cellulose - focusing on the physical prop-
erty changes upon the repetition of treatment.
Journal of Fashion Business, 2008, 12(6), 61-72.
GHAHEH, Fatemah Shahmoradi, MORTAZA-
VI, Sayed Majid, ALIHOSSEINI, Farzaneh,
FASSIHI, Afshin, NATERI Ali Shams and ABE-
DI, Daryoush. Assessment of antibacterial ac-
tivity of wool fabrics dyed with natural dyes.
Journal of Cleaner Production, 2014, 72, 139-
145, doi: 10.1016/j.jclepro.2014.02.050.
STANA-KLEINSCHEK, Karin and RIBITSCH,
Volker. Electrokinetic properties of processed cel-
lulose fibers. Colloids and Surfaces A: Physico-
chemical and Engineering Aspects, 1998, 140(1-3),
127-138, doi: 10.1016/50927-7757(97)00301-4.
Chemistry of the textiles industry. Edited by C. M.
Carr. Cambridge: Blackie Academic&Professional,
1995, doi: 10.1007/978-94-011-0595-8.

Tekstilec, 2015, letn. 58(3), str. 191-198



