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REZUMAT - ABSTRACT

Investigarea proprietatilor antibacteriene ale tesaturilor din lana vopsite cu conuri de pin

Tendintele in moda si culoarea reprezinta elementul primordial al primei etape de selectie a produselor textile. Acesta
este motivul pentru care, in industria textild, vopsirea are un mare succes. In special vopsirea naturald a dus la
dezvoltarea de noi tendinte in ultima perioada si a dobandit importanté in acest sens. In acest studiu, conurile de pin au
fost utilizate pentru vopsirea tesaturilor din l&ana cu ajutorul a cinci agenti de mordansare diferiti si au fost realizate si
vopsiri féré mordant. In plus, teséturile din lan& vopsite cu conuri de pin au fost evaluate din punctul de vedere al
rezistentei la lumina si la spalare. S-a constatat ca diferite culori si nuante pot fi obfinute prin utilizarea unor agenti de
mordansare si, in final, s-a observat cd pot fi utilizate conurile de pin ca sursé de vopsire naturala. Mai mult decat atat,
eficienta antibacteriana a probelor vopsite a fost investigata pentru a studia efectul sursei de colorant natural utilizat si
al agentilor de mordansare. S-a constatat ca probele vopsite au proprietéti antibacteriene diferite in functie de agentul
de mordansare utilizat si de bacteriile analizate.
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Investigation of antibacterial properties of wool fabrics dyed with pine cones

Fashion and color are the foreground of the case in the first stage of the selection of textile products. That is why coloring
in textiles has a great appeal. In particular, natural dyeing, which has caught up with new trends in recent times, has
gained importance in this regard. In this study, pine cones were used in dyeing of wool fabrics with the help of five
different mordanting agent and also mordant-free dyeings were performed too. Besides, wool fabrics dyed with pine
cones have been evaluated in terms of light and washing fastnesses. It was found that different colors and shades can
be obtained with the use of different mordanting agents and finally it was observed that pine cones can be used as a
natural dye source. Moreover the antibacterial efficiencies of the dyed samples were investigated to see the effect of
the used natural dye source and the mordanting agents. It was seen that the dyed samples have different antibacterial

properties depending on the used mordanting agent and the bacteria tested on.
Keywords: wool, textile, natural dye, antibacterial, pine, pine cone

INTRODUCTION

Color pervades all aspects of our lives, influencing
our moods and emotions [1]. The coloring of textiles
for value addition, look and desire of the customers
was anciently initiated by using colors of natural
source [2]. It is an ancient art and it was primitively
managed by sticking plants to fabric or rubbing
crushed pigments into cloth [3]. But the introduction
of synthetic dyes led to an almost complete replace-
ment of natural dyes because of the several advan-
tages [4]. The effluents from finishing processes con-
tain high concentrations of biologically difficult-to-
degrade or even inert auxiliaries and chemicals and
there is pressure on dye manufacturers to develop
dyes that can reduce environmental problems [5-6].
Because of the increased environmental awareness
to avoid some hazardous synthetic dyes, the use of
natural dyes has become a matter of significant
importance [7]. In this respect this study was aimed
to show the usability of pine cones for coloration of
wools and the antibacterial efficiencies of the dyed
samples. Anatolian black pine is one of the most
common and important forest tree species in Turkey
[8]- Pinus nigra belonging to Pinaceae family is grown
in west and south regions of Anatolia [9]. Large quan-
tities of pine cones are produced annually throughout
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the world, especially in pine plantations grown for the
pulp and paper industry [10]. The antimicrobial activ-
ity is an important property for some functional fabrics
[11]. The large surface area and the ability to retain
moisture of textile structures enable microorganisms’
growth, which causes a range of undesirable effects,
not only on the textile itself, but also on the user [12].
So, there is a great demand for antimicrobial finishes
of textiles to control the growth of microorganisms
[13]. There are several studies available on usability
of different natural dye sources to ensure antibacteri-
al efficiencies. For example, Gupta et al. (2004) were
tested eleven natural dyes against three types of
Gram-negative bacteria and they were declared that
seven of them showed activity against one or more of
the tested bacteria [14]. Sapci et al. (2017) reported
antimicrobial and antifungal activity of fabrics dyed
with viburnum opulus and onion skins [15]. In other
study, Khan et al. (2012) were examined the effect of
Rheum emodi L. as dye and its dyed wool yarns
against two bacterial and two fungal species. They
were declared that the dyed samples showed very
effective antimicrobial properties [16]. Likewise,
Singh et al. (2005) tested four natural dyes against
common pathogens and found Quercus infectoria
dye indicating the best antimicrobial activity [17].
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MATERIAL AND METHODS
Material

In the experiments, 100% woolen fabric was used in
a 2/1 twill construction with a weight of 160 g/m2. The
fabrics were in pretreated form and ready for dyeing
process so no additional process was conducted
prior to dyeing.

Fig. 1. (a) Black pine (Pinus nigra) tree; (b) The cones;
(c) The milled cones

As a natural dye source, the idle cones (figure 1, b)
of the black pine (Pinus nigra) tree (figure 1, a) that
grows in Central Anatolia region is used. The cones
were collected and dried up in the shadow after they
completed the developmental period and poured.
These dried cones were then milled (figure 1, ¢) and
these milled cones were used in the dyeing of the
wool fabrics.

Method

The dyeings were conducted in a laboratory type
sample dyeing machine according to exhaustion
method. In dyeing procedure firstly the dye bath was
adjusted to pH 7 and then the fabric, natural dye
source and mordanting agent have been added to
this bath as seen from the figure 2.

The dyeing and mordanting of the fabrics has been
managed simultaneously and as mordanting agents;
3% Copper (ll) sulfate (CuSO,-5H,0), 3% tin (lI) chlo
ride (SnCl,-2H,0), 3% iron (Il) sulfate (FeSO,-7H,0),
3% potassium dichromate (K,Cr,0,) or 20% Alum
(KAI(SO,4),-12H,0) have been used. Moreover, dye-
ings without use of any mordanting agent have been
tested too. The natural dye sources used in the
experiments were directly added to the dye bath with-
out any previous extraction in three different concen-
trations: 1:0.5; 1:1; 1:2 (fabric to natural dye source
ratio). During the dyeing procedure the liquor ratio
was adjusted to 1:50 (fabric to dye bath ratio). After
the dyeing process, the samples were allowed to dry
at room temperature following the washing process

I Washing off the dyed
samples after natural
dyeing: Rinsing 5 minules
with cold water then washing
at 50°C for 5 minutes and
Ay _ Y rinsing for 2 minutes and
“"‘w% Yool e ﬁg_/" subsequently allowing the
\5‘%' @@/ dyed&washed samples to

¥ &5 dry at room lemperature

25y
Dye Bath at pH7

Fig. 2. Natural dyeing procedure
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and then various measurements were conducted to
them.

CIEL *a™*b * values and color efficiencies (K/S) of
the dyed fabric samples were measured to evaluate
the usability of the pine cones as a natural dye
source. Konica Minolta 3600d spectrophotometer
was used for this purpose. Moreover, the samples
were photographed by scanning the samples to bet-
ter observe the colors obtained. In addition, after dye-
ings the samples were evaluated for light fastness
(according to ISO 105-B02) [18] and washing fast-
ness (according to ISO 105-C10 standard) [19].
Moreover to see the effect of pine cones in terms of
the antibacterial activity, the samples dyed with pine
cones at the highest dye concentration of the 1:2
have been analyzed in terms of the antibacterial effi-
ciencies.

The antibacterial test method used in this study is
described in detail elsewhere [20]. For determina-
tion of antibacterial effectsof the fabrics; the nat-
urally dyed samples were tested against Gram-nega-
tive bacteria (Escherichia coli ATCC 25922) and
Gram-positive bacteria (Staphylococcus aureus
ATCC 29213) according to ASTM E 2149 01 stan-
dard [21].

The antibacterial efficiency of the samples was mea-
sured by using the equation presented below. This
equation represents the bacteria reduction (%)
caused by the contact with the sample for 24 hours.

Bacteria Reduction (%) = 100 x (BC, — BC,,)/BC,

BC,,: Bacteria concentration (CFU/ml) of the jar after

“24 hours” contact time with the naturally dyed sam-
ple.
BC,: Bacteria concentration (CFU/ml) of the jar at “0”

contact time (before the addition of the naturally dyed
sample).

RESULT AND DISCUSSION

In order to talk about the usability of any vegetable
source in textile dyeing, this source should be able to
color the textile materials as competently and exhibit
sufficient fastnesses at the same time. In this context,
the colors obtained after dyeings in the framework of
the experiments were measured firstly and collected
in table 1. Table 1 also contains the scanned photos
of the samples too.

It was generally seen from the table 1 that the
amount of dyestuff used in obtaining different colors
is not important and that different colors can not be
obtained by changing the amount of pine cone used
in dyeing. On the other hand, it has been observed
that the color efficiency and the lightness-darkness
values (L*) change with the change in the concentra-
tion of the natural dye source. The increase in L*
value gives the lightness of the color, while the
decrease indicates that the color is darker. The L*
value ranged from 48.55 to 79.88 for the samples of
woolen fabrics dyed with pine cone. When the L* val-
ues were taken into account it was found that a
reduction in L* values could come across in case of

2018. vol. 69. nr. 5




Table 1

THE COLORS AND COLOR VALUES OF THE FABRICS DYED WITH PINE CONES
Natural dye ] CIE L*a*b* (D65) Scanned

1:0.5 No mordanting agent 2.42 60.34 12.72 16.47 20.82 52.32 %
1:1 No mordanting agent 3.26 57153 13.9 18.16 22.86 52.57 7 7 )
1:2 No mordanting agent 4.21 56.81 12.78 20.58 24.23 58.15 7 -'w;
Copper (ll) sulfate 7.52 52.69 5.67 2415 24.81 76.79 :

Tin (ll) chloride 1.3 79.88 2.12 221 22.2 84.52

1:0.5 Iron (ll)sulfate 2.54 62.29 9.63 18.59 20.93 62.61

Potassium dichromate 2.79 65.21 5.88 21.16 21.97 74.46

Alum 1.55 72.77 4.95 19.42 20.04 75.7

Copper () sulfate 8.02 51.57 7.78 25.03 26.21 72.74

Tin (ll) chloride 1.85 73.65 9.05 23.05 2476 68.56

1:1 Iron (ll) sulfate 3.83 56.73 11.88 19.57 22.89 58.75

Potassium dichromate 2.83 63.61 4.69 19.62 2017 76.56

Alum 2.06 68.7 7.34 20.38 21.66 70.2
Copper (ll) sulfate 9.57 48.55 9.67 25.27 27.06 69.05 .

Tin (ll) chloride 2.96 69.9 6.52 25.93 26.74 75.9
1:2 Iron (ll) sulfate 4.55 56.84 10.45 21.81 2418 64.39 '-':‘::I.

Potassium dichromate | 324 | 6326 | 659 | 2198 | 2295 | 7332 |
Alum 2.71 65.72 7.1 22.12 23.24 72.21

the increase the used natural dye source concentra-
tion in dyeings. This can be shown as proof that the
color becomes darker with the increase of used dye
concentration. The increase in the K/S value indi-
cates that the color efficiency is high while the
decrease shows that the color efficiency is low. The
K/S value for woolen fabric samples dyed with pine
cone varies between 1.30 and 9.57. When the color
efficiencies of the dyed samples were compared, it
was found that the K/S values increase as the dyeing
concentration increases and this tendency is also
seen in the dyeings made with different mordanting
agents as well. If an example of the dyeing done with-
out use of any mordanting agent want to be given; it
could be seen that the color efficiency for the 1:2 dye
concentration was 4.21, and the color efficiency for
the dyeing concentration 1:0.5 was 2.42. From table
1, it can be seen that the variation in dyeing efficien-
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cy was mainly due to the natural dye source concen-
tration and mordanting agent type. Along with the
increase in dyeing concentration, an increase in color
efficiency is an expected feature. Moreover, it has
been observed that the highest color efficiency could
be achieved by using copper (ll) sulfate as a mor-
danting agent and the lowest color efficiencies were
generally observed with tin (Il) chloride and alum.

On the other hand, the effect of the mordanting
agents on obtaining different colors was obvious.
When table 1 has been examined, it could be easily
seen that different colors and shades can be
obtained with the use of different mordanting agents.
It was seen from table 1 that yellow, khaki, pinkish
orange and brown colors and tones could be
obtained in the dyeings made with the use of pine
cones. By taking the hue angles (h°) in table 1 as ref-
erence, it was determined that the hue angles were
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Table 2

LIGHT AND WASHING FASTNESSOF FABRICS DYED WITH PINE CONES
Natural dye source concentration

Mordanting agent 1:0,5 1:1 1:2
Light Washing Light Washing Light Washing
No mordanting agent 3/4 E:C- 2 3/4 cQ 2 4 S0 2
Sta. 5 Sta. 5 Sta. 5
Copper (ll) sulfate 3/4 o 2 3 o 2 4 ce 2
Sta. 5 Sta. 5 Sta. 5
Tin (ll) chloride 4 eC 4 4/5 L 2 4/5 el 5
Sta. 5 Sta. 5 Sta. 5)
Iron (Il) sulfate 3/4 EC. 2 3/4 o 2 3/4 Sl 2
Sta. 5 Sta. ) Sta. 5)
Potassium dichromate 3/4 Chee S 4 cE 2 4 ol 2
Sta. 5 Sta. 5) Sta. 5
Pl i C.C. 5 ; C.C. 5 al5 C.C. 5
Sta. 5 Sta. 5 Sta. 5

Sta.: Staining on wool; C.C.: Color Change

around 52 in all mordant free dyeings. For example,
in a mordant free dyeing process at a 1:1 dye con-
centration, the h® was 52.57, a* was 13.9 and b* was
18.16 and the color is perceived as a pinkish orange.
After dyeing at 1:0.5 dye concentration by using cop-
per sulphate mordanting agent, the h® value of the
obtained color was 76.79, and a* and b* values were
measured as 5.67 and 24.15 respectively. Therefore,
a yellowish and a lesser red color than the color
obtained from the mordant free dyeing emerged and
a khaki color was observed. In dyeings with tin chlo-
ride mordanting agent at 1:0.5 natural dye source
concentration, the obtained color was perceived as in
light yellow shade. The a* and b* values were mea-
sured 2.12 and 22.1 respectively and h° angle was
found 84.52. As can be seen, different colors and
color tones could be obtained with the pine tree
cones using different mordanting agents. It is possi-
ble to obtain different colors with a single natural dye
source, for example herein with pine tree cones,
thanks to this unique feature of the natural dyes.
Another important parameter in terms of textile dye-
ing is the fastnesses, which were also tested for the
samples dyed with milled pine tree cones. Table 2
shows the light fastness and wash fastness of the
samples.

When table 2 has been examined, it was seen that
mordant types and natural dye source concentration
were effective in terms of light fastness values. But
generally in coloring made by using pine tree cones,
the light fastnesses were medium-good. If a general-
ization is made, it was found that the increase of the
natural dye source concentration generally means
the increase of the light fastness values. The reason
of this was thought to be due to the high tolerability
of the dyestuff portion of the light-decayed in dark
colors. When the washing fastness values were
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checked, very good/excellent washing fastness
results were obtained. All wash fastness results have
a value of 5 for staining and color change. This
showed that wool fabrics dyed with pine cone natural
dye source have no staining or discoloration during
washing process. In other words, it could be said that
the mordant material and the dyeing concentration
have no effect on washing fastness for dyeing with
pine cone natural dye source and that sufficient fast-
ness results could be obtained.

As detailed in the method part of the study, the wool
fabrics dyed with pine cones at concentration of 1:2
were analyzed in terms of antibacterial efficiencies
against E. coli and S. aureus. From table 3, it was
observed that there was no bacteria reduction in
undyed wool fabrics.

Table 3
THE ANTIBACTERIAL ACTIVITY OF WOOL FABRICS
DYED WITH PINE CONES AT A CONCENTRATION
OF 1:2
Bacteria reduction (%)
S. aureus | E. coli

Undyed wool fabric - -
Wool fabric dyed without use

A 99.7 -
of any mordanting agent
Wool fabric dyed with use
of Copper (ll) sulfate - -
Wool fabric dyed with use 999 )
of Tin (Il) chloride )
Wool fabric dyed with use
of Iron (1l) sulfate . -
Wool fabric dyed with use 50 )
of Potassium dichromate
Wool fabric dyed with use
B Alum 99.9 99.9
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These antibacterial test results clearly showed that
depending on the tested bacteria and used mordant-
ing agents the reduction (%) of the bacteria popula-
tion has differed but generally it can be told that nat-
ural dyeing with pine cones ensured better antibacterial
efficiency against S. aureus. As seen from the table 3,
except the samples dyed in presence of Potassium
dichromate mordanting agent the bacterial reduction
of S. aureus is higher than 99% so not only the effect
of the mordanting agents but also the extracts of pine
cones have an antibacterial efficiency against S.
aureus. However when the antibacterial efficiency
against Gram-negative bacteria (E. coli) has been
examined, it was observed that natural dye source of
pine cones have not antibacterial efficiency against
E. coli and only if the Copper (Il) sulfate, Iron (ll) sul-
fate or alum based natural dyed samples exhibit sig-
nificant bacterial reduction of E. coli. So this antibac-
terial efficiency against E. coli is more related to the
used mordanting agent and the tested natural dye
source solely did not cause a positive effect on it.

CONCLUSIONS

In this study, it was aimed to show the usability of
pine cones in natural dyeing of the wool fabrics. As a

result of the dyeing experiments, it has been deter-
mined that the pine tree cones can bring out different
colors with the use of different mordanting agents.
When a summary is made by looking at the generic;
the color of pinkish orange was obtained in the mor-
dant free dyeings. Moreover, depending on the type
of mordant in the mordant based dyeings; yellow-
beige, khaki, pinkish orange and brown tones had
been observed. In addition, it was observed that
same washing but different light fastnesses can be
obtained with the use of different mordanting agents.
Beyond the use of pine cones as a natural dye
source, the effect of pine cone based natural dyeing
has also been analyzed in terms of antibacterial effi-
ciencies. The dyed samples’ antibacterial efficiencies
were tested against E. coli and S. aureus. It was
found that while the fabrics not dyed did not exhibit
antibacterial efficiency, the samples dyed with pine
cones has shown an antibacterial efficiency depend-
ing on the used mordanting agent and the bacteria
tested. But briefly, wool fabrics dyed with pine cones
in presence of Copper (ll) sulfate, Iron (ll) sulfate or
alum showed antibacterial efficiency for both E. coli
and S. aureus and the mordant free dyed samples
were showed an antibacterial efficiency against only
S. aureus.
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