
INTRODUCTION 

Different natural and chemical compounds in the
form of hydrogels, hydrocolloids, bio-films, foams, sil-
icone, etc. are suitable as carriers of the healing
substances [1‒2]. Alternatively, such compounds can
also be applied to any of the textile material, e.g. vis-
cose, which is otherwise a leading substrate in the
field of sanitation and medicine [1‒2]. Satisfactorily
antimicrobial [3], antioxidant, etc. action can be
achieved with so called fiber functionalization. A mod-
ern concept of textile functionalization introduces nat-
ural compounds in the field of textile finishing due to
the fact that they have no adverse impact on the
potential user and the environment. Here, various
plant extracts, or other natural active substances are
of particular interest [1‒2]. All these compounds must
be skin-friendly in order to avoid possible side effects,
water pollution, etc. [4]. Arising from these findings
the aim of presented work was to create viscose non-
woven natural cosmetic/healing pads by using func-
tionalization based on the horsetail extract as a main
healing compound, individually, or in combination
with psyllium and keratin. Both, psyllium and keratin
colloids are very suitable for various uses, as they

intensively swell in aqueous medium [5‒11]. High
swelling capacity rate possess also animal keratin-
based adhesives [11‒14]. These protein colloids
(keratins) are interesting for water treatment applica-
tions [12], and also in the textile industry where are
used as adhesives, especially in the field of leather
industry, to replace conventional toxic substances
[13]. Horsetail is rich source of silicon, and as such
contributes to the form, resilience, and flexibility of all
connective tissues [15]. All mentioned was the rea-
son why it was used as the main part of the cosmet-
ic pads in order to possibly reduce the skin redness,
skin spots, or other skin inconvenience. In order to
obtain hydrophilic colloidal systems, horsetail extract
was combined with psyllium and keratin. To the best
of our knowledge, in such form, this colloidal system
was not used until now for viscose fiber functional-
ization. The obtained coating systems/adsorbates
were analyzed from the viscosimetric point of view,
supported with testing of their anti-microbial and anti-
oxidant activity, biodegradability, followed by “in vivo”
bioactive approach (preliminary visual testing). From
practical point of view, ant oxidative properties are
very important for medical textiles, since ant oxidative
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agents are known to cause reduced production of
free radicals that increase oxidative stress, leading to
DNA damage. Moreover, ant oxidative properties may
also contribute to the anti-inflammatory effect [16]. 

EXPERIMENTAL 

Materials and procedures

Dried horsetail plant, commercial psyllium, commer-
cial keratin (rabbit skin glue binder), stabilizer sodium
lactate (C3H5O3Na, Sigma Aldrich), non-woven vis-
cose obtained by the process of carding, laying and
needling, with a surface weight of 165 g/m2, ready-to-
use in the form of a 45 mm-width tape, on the back
side combined with polypropylene (PP) (Producer
Tosama d.o.o.) were used within experiment.
Horsetail extract: The extract was prepared accord-
ing to the following procedure: 20 g of dried horsetail
plant was poured with 500 mL of demineralized
water, then treated for 4 h at 100 °C, and finally left
overnight to slowly cool down at the room tempera-
ture. Functionalization medium (coating systems):
Psyllium in combination with demineralized water,
and psyllium in combination with the horsetail extract
were prepared in ratio of 200 mL of demineralized
water: 3 g of psyllium, while keratin (rabbit skin glue
binder) in combination with demineralized water, and
keratin in combination with the horsetail extract in
ratio of 200 mL of demineralized water: 20 g of rabbit
skin glue binder. Viscose functionalization: Non-
woven viscose was functionalized according to the
conventional impregnation method by using a two-
roller foulard (W. Mathis); Conditions: 2 bar pressure,
material transfer rate 2 m/min, and add-on 90‒100 %.
Before squeezing, the non-woven viscose was thor-
oughly soaked (1 hour) with all functionalization for-
mulations as pointed out in the table 1. 

Methods

Viscosimetry: The viscosity of prepared liquid func-
tionalization formulations in mPas was determined by
using viscometer FUNGILAB Smart Serial.
Antimicrobial activity: Antimicrobial testing was
carried out in accordance with the standard AATCC
147 (test organism: S aureus, ATCC No 25923).
Antioxidant activity: Antioxidant activity of function-
alized non-woven viscose was evaluated by using
the ABTS•+ method (2,2’-azino-bis-3-ethylbenzothia-
zoline-6-sulfonic acid, Sigma Aldrich). The radical
ABTS•+ occurs during the oxidation of ABTS, and
potassium persulfate absorbing in the visible region
at a wavelength of 734 nm. This is determined spec-
trophotometrically (eq. 1). 

Inhibition = (Astarting ‒ Asample)/Asample × 100/%
(1)

where: Astarting is absorbance, measured at starting
concentration of ABTS•+, Asample ‒ absorbance,
measured at the rest concentration of ABTS•+ [16]. 
Determination of biodegradability: Textiles-deter-
mination of the resistance of cellulose-containing tex-
tiles to micro-organisms-Soil burial test – Part 1:

Assessment of rot-retardant Finishing (ISO 11721-1:
2001). In vivo preliminary testing: Preliminary in
vivo testing was performed on population of four vol-
unteers suffering from the skin problems. 

RESULTS AND DISCUSSION 

Viscosimetry: Results of the average viscosity (3
replicates) of the functionalization formulations used
within research are collected in table 1.

Psyllium and protein colloid (rabbit skin glue binder)
have high swelling ability in the aqueous medium so,
they were selected to determine whether either of
these compounds provides better properties in terms
of stickiness and the ability to retain the horsetail
extract in a gel-like structure. The interest was there-
fore, to achieve optimal viscosity in terms of the func-
tionalization formulations practical use following opti-
mal ratio between the solvent and the solute. On the
basis of preliminary tests it was determined the opti-
mal targeted viscosity which is in the case of psyllium
of about 350 mPas, and in the case of a rabbit skin
glue binder about 800 mPas. Based on this, the ratio
between the solvent and the solute was defined:
200 mL of solvent: 3 g of psyllium i.e. ratio 67:33
(v:m) and 200 mL of the solvent: 20 g of rabbit glue
binder  i.e. ratio 10:1 (v:m). Antimicrobial activity:
The bacterial strain Staphylococcus aureus (Gram-
positive bacteria, ATCC No 25923) was used as the
test organism. This type of micro-organism was
selected on the basis of the assumption that it is a
micro-organism that is present in most environments.
An insufficient anti-microbial activity (AATCC stan-
dard 147) on Staphylococcus aureus is seen with all
functionalized samples (no zone of inhibition).
However, not only antimicrobial properties are essen-
tial for medical textiles development, but also
antioxidant activity [18‒19]. Functionalization of
viscose with combination of psyllium and the horse-
tail extract proved to be more effective if compared to
viscose, functionalized with combination of protein
colloid (keratin) in combination with the horsetail
extract. Anyway, it can be seen from results that func-
tionalization where horsetail extract was used as a
solvent for psyllium and the protein colloid (keratin),
increased the antioxidant activity from 81 % to 95 %
in the case of psyllium (if deionized water was used
as a solvent) and in the case of a keratin from 55.9 %
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FVISCOSITY IN mPas OF SEPARATE
FUNCTIONALIZATION FORMULATION

Functionalization formulation
Viscosity

(mPas)

Psyllium + demineralized water (reference) 2923.4

Psyllium + horsetail extract 377.7

Rabbit skin glue binder + demineralized
water (reference)

1336.3

Rabbit skin glue binder + horsetail extract 840.0

Table 1



to 71.5 % (if deionized water was used as a solvent).
Results show also good antioxidative activity of vis-
cose, functionalized with psyllium in combination with
deionized water (81 %), indicating that psyllium itself
has good antimicrobial activity. Certain antioxidant
activity (55.9 %) possesses also viscose, functional-
ized with keratin in combination with deionized water,
which is related to the antioxidant activity of protein
colloid (keratin) itself due to the presence of amino
acid cysteine in its structure [20]. Antioxidant results
are shown in figure 1.

Biodegradability and aging: Results
show a significant degree of biodegrad-
ability of horsetail extract based function-
alized samples after seven days of burial
in the soil. In the case of viscose, func-
tionalized with keratin in combination with
horsetail extract, the appearance of
biodegradability was even more pro-
nounced than in the case of functionaliza-
tion using psyllium in combination with
the horsetail extract (figures 2‒3).
After fourteen days, the cosmetic pads
were completely decomposed. Thus, this
product is also very friendly from environmentally
point of view. In order to check the stability of pre-
pared cosmetic pads under real storage conditions
the cosmetic pads were packed in polyethylene (PE)
bags and stored in a refrigerator which not proves to
be effective, as after a few days a mould appeared
and fully covered the surface of the pads. In this
respect, appropriate solution based on the drying of
the pads at room temperature was found as a good
approach. These were sub sequently rehydrated by
the addition of about 5 ml of distilled water, thereby
establishing the original state of functionalized sam-
ples. In order to achieve certain stability of the func-
tionalized samples even in wet conditions, 5 % of nat-
ural stabilizer (Na lactate) was added to the separate
functionalization formulation; the samples remained
in perfect condition (visual estimation) after thirty
days of storage in the refrigerator. Antioxidativity of
samples remained almost the same.
Testing in vivo-preliminary study: The study includ-
ed 4 test persons-volunteers who treated the various

parts of the body they considered as a skin problem-
atic. In all cases, after one day of care, a significant
improvement in the appearance of spots on certain
parts of the body and the appearance of redness on
the face and forehead was confirmed (figure 4 sec-
ond line).

CONCLUSIONS

Psyllium and protein colloid (rabbit skin glue binder)
were used as i) the carriers of the care/healing com-
pound (horsetail extract) and as ii) the binding ele-
ments between the active substance (horsetail
extract) and the textile (non-woven viscose). Great
attention was paid to optimizing adequate viscosity
for optimal coating of the samples. S. aureus is insuf-
ficiently reduced by all functionalized samples. On
the other hand, high antioxidant activity of functional-
ized viscose samples with integrated horsetail extract
is seen with all tested samples. Besides this, prepared
pads are excellent biodegradable. The storage stabil-
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Fig. 1. Antioxidativity (reduction of radical ABTS•+) of
functionalized non-woven viscose in dependence on

functionalization formulation

Fig. 4. Results in-vivo-preliminary visual testing

Fig. 2. Biodegradability of functionalized viscose samples
after seven days of burial in the soil
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Fig. 3. Biodegradability of functionalized viscose samples
with added stabilizer after seven days of burial in the soil
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ity of textile pads in the refrigerator is prolonged



when the stabilizer (Na-lactate) is part of the func-
tionalization formulation. A great potential for the pro-
duction of psyllium and protein colloid based textile

pads with incorporated horsetail extract is confirmed
with the research; preliminary in-vivo results showed
extremely promising results.
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