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mass according to procedures PN-EN 
14045:2005, PN-EN 14806:2010 & PN-
EN ISO 20200:2007) [21-23].

The samples tested were treated with 
a compost medium containing aerobic 
microorganisms. Reactors with the sam-
ples being tested were placed in a ther-
mal chamber in which constant con-
ditions were maintained (temperature 
– 58 ± 2 °C, humidit – 40-70%). Mass 
loss was estimated by weighing after 
the incubation, which lasted from 1 to  
24 weeks. 

Assessment of microbiological activity 2)

Antibacterial activity of the nonwov-
ens prepared was assessed according to 
Standard PN-EN ISO 20743:2013 [24]. 
Bacteria strains from the American Col-
lection of Pure Cultures (ATCC): Staph-
ylococcus aureus (ATCC 6538) and Es-
cherichia coli (ATCC 11229) were used 
in the tests. Samples of the nonwovens 
were inoculated with a bacteria suspen-
sion of defined concentration, and the 
number of bacteria was counted before 
and after the 24-hours incubation. A drop 
in the number in comparison to the refer-
ence samples before incubation marked 
the biological activity of the samples 
tested. The microbiological purity of the 
nonwoven was also estimated according 
to Polish Pharmacopeia [25].

Estimation of nonwoven mechanical 
properties 3)

Tests were made at standard environ-
mental conditions (20 ± 2 oC and RH 
65 ± 4%) according to Standard PN-EN 
ISO 139:2006 [26]. The following pa-
rameters were estimated: 
�„  thickness – according to PN-EN ISO 

9073-2:2002, with a thickness gauge 
TILMET – 64, constructed at the Lodz 

Table 1. Physical properties of IBPE.

Symbol  
No.

Ester exchange 
time, min

MFI,
g/10 min

η relative,
cm3/g

Tc,
°C

ΔHc,
J/g

Tg,
°C

Tm,
°C

ΔHm,
J/g

1 155 22.0 115 42.3 -20.0 -28.7 112.0 20.5

2 100 29.7 114 49.2 -20.3 -28.5 113.7 20.7

3 135 42.7 113 46.6 -20.9 -30.6 112.4 21.0

Basic nonwoven Nonwoven with collagen Nonvowen with HA/orange hydrolate

Figure 4. SEM images (magnification 200x) of IBPE nonwovens.

University of Technology, Poland. 
A pressure of 0.5 kPa [27] was applied;

�„  surface density – according to Stand-
ard PN-EN 29073-1:1994 [28];

�„  force and elongation – conditioned 
and wet according to Standard PN-
EN 29073-3:1994. The measurements 
were made on a tenacity tester – In-
stron model 5544 (UK).

Distilled water at ambient temperature 
was used in the wet measurements of the 
virgin nonwoven, while in the tests with 
the remaining samples, a blend of active 
substances applied in the padding of the 
nonwovens was used [29].
�„  bending length along and cross – ac-

cording to Standard PN-EN ISO 
9073-7:2011 [30]. 

 The measurements were made on 
apparatus for measuring the flexur-
al rigidity for samples cut along and 
across the nonwoven.

�„  ability to absorb liquid (LAC) and the 
capillary rise of the fluid – according 
to Standard PN-EN ISO 9073-6 [31].

 Distilled water at room temperature 
was used as test liquid.

Deposition degree of the active 
substance (content of the active layer)
The deposition degree of the active sub-
stance was estimated by weighing with 
an accuracy of 0.0001g using a scale- 
Sartorius BP 110S (Germany).

 Results and discussion
Synthesis of aliphatic-aromatic 
copolyester (IBPE)
IBPE belongs to the group of statistical 
copolymers with disordered regulari-
ty in their macromolecular chains and 
a decreased ability to crystallise. Sodiun 
carbonate decahydrate. in a suspension 
of 1,4 butanediol was therefore used as 
a nucleation agent. Three syntheses of 
the polymer were made at varied ester 
exchange times: 155 min (sample No 1), 
100 min (sample No 2) and 135 min 
(sample No 3). Ester interchange was 
conducted at 240 °C to arrive at an ad-
equate viscosity of the melt. Physical 
properties of the three polymer batches 
were analysed to select the one with the 
best parameters. Results are presented in 
Table 1 and Figures 1-3.

Table 2. Content of the active layer.

Composition of the active layer Average content, %
blend HA/ hydrolate of damascena rose 11.6
blend HA/ hydrolate of bitter orange 11.7
blend HA/ collagen/hydrolate of bitter orange 19.8
blend HA /collagen/hydrolate of damascene rose 19.7
Collagen 11.5
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The IBPE samples show good thermal 
parameters, with the crystallisation tem-
perature Tc being the most important – it 
should be beyond 40 °C to assure good 
performance of the polymer in the spun-
bond process. Samples 2 and 3 were se-
lected for processing to nonwoven due 
to higher MFI values and better thermal 
properties. The higher the MFI (above 
30 g/10 min), the easier the forming of the 
polymer into spunbond nonwovens runs.

Estimation of the content of the active 
layer 
An active layer composed of collagen, 
a blend of sodium hyaluronates (HA), 

and plant hydrolates was deposited 
onto the IBPE nonwoven by padding. 
The content of the layer in the singu-
lar nonwoven types was estimated by 
weighing. Results are shown in Table 2. 

The contents of the active layers made up 
of sodium hyaluronates and different plant 
hydrates are close to each other, but it goes 
distinctly up with the addition of collagen. 
Generally, the contents are high, which is 
beneficial for cosmetic use. 

Inspection of morphology
The basic nonwoven made of polymer 
IBPE, the nonwoven with collagen, and 

the one with the HA blend and orange 
hydrate were inspected under a scanning 
microscope. An even distribution of the 
active layer on the fibres can be seen in 
Figure 4. 

Microbiological assessment 
Microbiological activity according to 
PN-EN ISO 20743:2013 [24] was esti-
mated to assess the ability of the active 
cosmetic layer to reduce the bacteria 
number on the skin. It is a quantitative 
test for assessing the antibacterial activi-
ty of hydrophilic textiles after 24 hours of 
incubation. The examination was made 
with bacteria Gram (+) S. aureus, which 
is the cause of many dermatological in-
fections [32]. Results for the IBPE non-
woven with deposited active layers are 
shown in Figure 5.

Nonwovens with a deposited active lay-
er: one with HA and hydrolate of rose and 
the other with HA and hydrolate of bitter 
orange revealed activity against S. aureus 
of 1.28 and 0.48, respectively, signifying 
a lack of activity. Standard PN-EN ISO 
20743:2013 quotes the range of 2 to 3 as 
substanial and above 3 as strong activi-
ty. The nonwoven with collagen showed 
5.7, indicating highly effective action, 
which was probably caused by low pH 
(3.2-4.2) in collagen-variant II. 

Figure 6 presents the activity of IBPE 
nonwovens with an active layer against 
bacteria Gram (–) E. coli. 
 
The nonwovens with collagen, the HA 
blend and rose hydrate reveal the high-
est activity against E. coli at the level of 
8.3. The nonwoven with collagen alone 
shows 8.0, while 6.3 is seen for the non-
woven with collagen, the HA blend and 
hydrolate of bitter orange. The addition 
of collagen made the materials acquire 
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seen for the nonwoven with collagen, the HA blend and hydrolate of bitter orange. The 
addition of collagen made the materials acquire a strong antibacterial property against E. coli 
and S. aureus during 24 hours of contact. Such long contact of the nonwoven with the skin is 
not practicable in cosmetics, therefore the time of incubation for  counting the number of S. 
aureus was, in further work, shortened for selected nonwovens. Results are presented in 
Figure 7. 
.

Figure 7. Comparison of time-dependent  number of bacteria S. aureus.. 

Right after incubation and after 30 minutes, the number of bacteria S. aureus on the basic 
nonwoven was constant at 1.2 x 105 cfu/ml; after 2 hours it began to rise (6.4 x 105 cfu/ml), 
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on the nonwoven with an active layer was slightly up at the beginning but went greatly down 
as soon as after 2 hours from the initial 1.5 x 107 cfu/ml; to 4.2 x 104 cfu/ml, and after 24 
hours attained a level below 20 cfu/ml.
The nonwoven fabric with collagen, the HA mixture and bitter orange hydrolate cannot be use 
as an antibacterial agent on the skin due to the extended duration of action - above 2 hours. 
Nonwoven cosmetic products usually have a shorter time of contact with the skin: up to 0.5 
hours for cosmetic masks and a few seconds for wet wipes. This feature, however, can be 
useful in protecting the product during prolonged storage and can act as a natural preservative.  
Examined was also the microbiological purity according to Polish Pharmacopeia X [25],   
results of which are presented in Table 3. 

Table 3. Assessment of microbiological purity 

Nonwoven 
Total number of 

mesophyllic bacteria
[cfu/g]

Total number of 
fungi

[cfu/g]

Limit from standard

PN-EN ISO 
17516:2014-11

basic unwoven < 4.0 x 101 < 4.0 x 101

≤ 2.0 x 103 jtk/g
collagen < 4.0 x 101 < 4.0 x 101
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Table 3. Assessment of microbiological purity.

Nonwoven Total number of mesophyllic 
bacteria, cfu/g

Total number  
of fungi, cfu/g

Limit from standard
PN-EN ISO 17516:2014-11

Basic nonwoven < 4.0 x 101 < 4.0 x 101

≤ 2.0 x 103 jtk/g
Collagen < 4.0 x 101 < 4.0 x 101

HA/orange 2.4 x 102 4.1 x 101

HA/ rose/collagen 5.8 x 101 3.8 x 101
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a strong antibacterial property against 
E. coli and S. aureus during 24 hours of 
contact. Such long contact of the non-
woven with the skin is not practicable in 
cosmetics, therefore the time of incuba-
tion for counting the number of S. aureus 
was, in further work, shortened for se-
lected nonwovens. Results are presented 
in Figure 7. 

Right after incubation and after 30 mi- 
nutes, the number of bacteria S. aureus 
on the basic nonwoven was constant at 
1.2 × 105 cfu/ml; after 2 hours it began to 
rise (6.4 × 105 cfu/ml), and reached the 
level of 1.5 × 107 cfu/ml after 24 hours 
of incubation. The number of bacteria on 
the nonwoven with an active layer was 
slightly up at the beginning but went 
greatly down as soon as after 2 hours 
from the initial 1.5 × 107 cfu/ml; to 
4.2 × 104 cfu/ml, and after 24 hours at-
tained a level below 20 cfu/ml.

The nonwoven fabric with collagen, the 
HA mixture and bitter orange hydrolate 
cannot be use as an antibacterial agent 
on the skin due to the extended duration 
of action – above 2 hours. Nonwoven 
cosmetic products usually have a short-
er time of contact with the skin: up to 
0.5 hours for cosmetic masks and a few 
seconds for wet wipes. This feature, how-
ever, can be useful in protecting the prod-
uct during prolonged storage and can act 
as a natural preservative. 

Examined was also the microbiological 
purity according to Polish Pharmacopeia 
X [25], results of which are presented in 
Table 3.

The basic nonwoven and those with the 
addition of collagen, the HA blend and 
hydrolates of bitter orange and damasce-
na rose all satisfy the limit for cosmetic 
devices permitted, as quoted in Standard 
PN-EN ISO 17516:2014-11 [33]. 

Estimation of mechanical properties 
Mechanical properties were tested for 
samples of basic nonwoven, nonwoven 
with a collagen layer, nonwoven with 
sodium hyaluronate, and nonwoven with 
hydrolate of bitter orange. Results are 
shown in Tables 4-9.

It can be seen that the surface modifica-
tion of the nonwoven with an active layer 
causes an increase in the breaking force 
and tenacity. Highest is the effect on the 
collagen-covered nonwoven Elongation 

Table 4. Mechanical properties – conditioned.

Parameter
IBPE nonwovens

Basic nonwoven HA/orange/collagen Collagen
Thickness, mm 0.43 0.39 0.44
Surface density, g/m2 77.0 103.3 97.6
Breaking force along, N 3.34 4.04 6.02
Elongation along, % 90.8 50.9 49.0
Tenacity along, MPa 0.311 0.415 0.547
Breaking force across, N 2.33 2.81 4.16
Elongation across, % 101 63 96
Tenacity across, MPa 0.217 0.288 0.378

Table 5. Mechanical properties – wet.

Parameter
IBPE nonwovens

Basic nonwoven HA/orange/collagen Collagen
Thickness, mm 0.38 0.39 0.39

Breaking force along, N 1.94 1.53 1.49

Elongation along, % 52.7 43.0 52.0

Tenacity along, MPa 0.200 0.163 0.152

Breaking force across, N 1.56 1.19 1.29

Elongation across, % 79.7 60.4 76.5

Tenacity across, MPa 0.171 0.122 0.132

Table 6. Results of stiffness testing.

Parameter
IBPE nonwovens

Basic nonwoven HA/orange/collagen Collagen
Bending length along, cm 0.50 1.93 1.86

Specific bendig stiffness 
along, mN∙cm 0.00788 0.7656 0.6467

Bending length across, cm 0.56 1.61 1.78

Specific bending stiffness, 
across, mN∙cm 0.0137 0.4416 0.0822

General specific bending 
stiffness, mN∙cm 0.0104 0.5814 0.6015

Table 7. Ability to absorb liquids – test results. 

Nonwovens Ability to absorb liquid LAC, %
Basic nonwoven 1.54
HA/orange/collagen 13.8
Collagen 13.9

Table 8. Capillary rise in lengthwise direction – test results.

Capillary rise along, mm
IBPE nonwovens

Basic nonwoven HA/orange/collagen Collagen

Time, sec

10 0 12.5 0
30 0 20.5 0
60 0 24.7 0

300 0 36.0 0.6

Table 9. Capillary rise in widthwise direction – test results.

Capillary rise across, mm 
IBPE nonwovens

Basic nonwoven HA/orange/collagen Collagen

Time, sec

10 0 16.5 0
30 0 21.5 0
60 0 26.2 1.6

300 0 41.2 6.0
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both in the lengthwise and widthwise 
directions decreases in the covered non-
wovens. This is explained by the higher 
stiffness conferred by the active addi-
tives. 

It can be seen that the breaking force and 
tenacity are dramatically down in sam-
ples tested in a wet condition compared 
with the results of tests made with con-
ditioned materials. It accords with the 
generally lower tenacity of wet synthetic 
fibres. 

The aliphatic-aromatic polyester IBPE 
used has a larger aliphatic portion than 
the aromatic one (proportion Al/Ar is 
60/40), which makes the aliphatic com-
ponent undergo faster hydrolytic degra-
dation under the influence of water. Poly-
mers with a content of hetero-atoms (es-
ter- and amide groups) in the main chain 
are more prone to hydrolytic rupture of 
the bonds [34,35]. Mechanical parame-
ters of the nonwoven tested went down 
under the influence of the moisture-in-
duced hydrolysis. Comparison of the 
breaking force and tenacity of the basic 
nonwoven with those of the covered non-
wovens in a wet condition shows worse 
results for the latter, while elongation re-
mains at a comparative level. 

The nonwovens examined are character-
ised by a very low bending length, antic-
ipating good drapeability. The bending 
length is up in nonwovens with the active 
layer applied, yet the drapeability at val-
ues below 2 cm (HA/orange/collagen) is 
still acceptable, pointing to the good per-
formance of the products.

A very low absorption ability is shown 
by the basic nonwoven, but applying the 
active layer improves this. It may be in-
ferred that collagen is the improving in-
gredient. 

Capillary rise is one more parameter 
characterising the absorption ability 
of the nonwoven prepared. The basic 
nonwoven does not reveal any capil-
lary effect, not even after 300 seconds. 
The use of the active layer HA/orange/
collagen improves the capillary rise of 
the liquid, while a meager effect emerg-
es with the collagen layer. The active 
layer composed of HA/orange/collagen 
substantially improves the absorption 
ability desired in the performance of the 
material. 

Testing of biodecomposition
The examination of selected samples was 
made in aerobic compost in laboratory 
conditions. The biological activity and hu-
midity of the inoculum used was estimat-
ed, where the total amount of the micro-
organisms was 5.1 × 107-1.1 × 108 jtk/g,  
and the humidity of the medium was in 
the range of 50.2% to 51.0%.

Table 10 presents results of the biode-
composition tests for the polymer, basic 
nonwoven and nonwoven with an active 
layer.

The starting polymer decomposes slow-
ly, losing about 40% of its mass after 
24 weeks. At the same time the mass loss 
of the basic nonwoven is down by about 
65%; moreover a substantial mass loss 
(about 25%) can be seen as soon as af-
ter 4 weeks of the process. Furthermore, 
the addition of the active layer – colla-
gen, hydrolate and HA insignificantly af-
fects the speed of mass loss, which was 
about 77% after 24 weeks. However, 
a substantial loss (about 40%) was seen 
after 4 weeks of composting. The slow-
est degradation rate of the polymer re-
sults from its solid structural resistance 
to the penetration of microorganisms. 
The structure of the nonwoven is more 
easily accessible, thereby promoting the 

biodecomposition. Since hyaluronic acid 
reveals a high affinity to water, nonwo-
ven with its addition binds big amounts 
of water, providing conditions favourable 
for the growth of microorganisms as well 
as causing hydrolytic degradation. 

 Conclusions
In this study, synthesized was biode-
gradable aliphatic-aromatic copolyester 
poly(1,4 butylene-succinate-co-glutarate- 
co-adipate-co-terephtalate), named IBPE.  
The resin is characterised by good ther-
mal properties, crystallisation tempera-
ture (Tc), in particular, and good rheolo-
gy (Melt Flow Index) appropriate for the 
preparation of spunbond nonwovens.

The IBPE nonwoven prepared was of 
low tenacity and high elongation in both 
directions, and its surface was suffi-
ciently even. Mechanical parameters of 
material both virgin and with an active 
layer applied were greatly down when 
measured in a wet condition. Mechanical 
parameters are not crucial in materials 
for cosmetic application. The nonwoven 
obtained was extendable, however, and 
not prone to breaking. Both the basic and 
covered nonwovens revealed good drape-
ability, favourable for use as a face mask. 
The basic nonwoven showed low fluid 
absorption of a level of 1.54%, since low 
fluid imbibition is inherently character-
istic of polyester fibres. Absorption was 
distinctly up in 3 nonwovens covered 
with an active layer (high molecular hy-
aluronic acid has high affinity to water).
All nonwovens with a collagen con-
tent revealed high antibacterial activity 
against S. aureus and E. coli. The an-
tibacterial character of collagen – var-
iant 2 probably stems from its low pH  
(3.2-4.2), which may inhibit bacteria 
growth and provide a peeling capabil-
ity on face masks made of the materi-
al. The antibacterial action of collagen 
emerges only after more than 2 hours of 
incubation, and hence it is unsuitable as 
a bacteria-inhibiting agent in face masks. 
It may, however, be used as a skin condi-
tioner and preserving agent. 

Our investigation did not confirm litera-
ture information claiming the antibacte-
rial property of plant hydrolates [11-13]. 
Different methods applied in estimating 
the property are the suspected reason for 
the divergent results of investigation. In 
this work hydrolates were applied on 
the nonwoven, thus deteriorating their 
activity.

Table 10. Results of biodecomposition tests.

Sample
Time of biodegradation, week, day

1(7) 4(28) 8(56) 12(84) 16(112) 20(140) 24(168)
Mass loss, %

Polymer IBPE
0 1.77 10.1 17.7 25.5 30.3 41.1
0 1.94 4.55 19.8 27.3 31.6 40.4
0 2.16 6.01 16.3 25.1 31.5 39.1

Basic nonwoven
3.73 29.0 41.1 51.7 57.0 58.3 65.3
2.88 24.4 44.3 54.9 64.1 64.1 64.1
4.09 20.5 43.9 50.7 57.8 66.7 71.0

HA/ orange/collagen
18.6 53.3 54.6 71.2 72.0 73.6 77.5
17.9 39.4 67.6 68.1 70.1 75.8 76.8
16.8 33.6 53.0 61.8 67.2 67.8 77.7
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All nonwovens examined satisfied the re-
quirements for microbiological purity in 
cosmetic products as set out in Standard 
PN-EN ISO 17516:2014-11 [33]. 

An active layer consisting of collagen, 
orange hydrolate and a hyaluronic acid 
blend enhances the composting process 
because hydrolytic decomposition adds 
to the biodegradation process. Degrada-
tion products of the hydrolysis are more 
easily accessible for microorganisms, 
which makes the whole process run fast-
er. Substantial mass loss could be seen 
as soon as after 4 weeks of composting, 
caused by the high affinity of HA to wa-
ter molecules. 

The biodegradable cosmetic nonwoven 
prepared with an active layer composed of 
collagen, a blend of sodium hyaluronates, 
and hydrolate of bitter orange satisfies 
the requirements for mechanical proper-
ties, and shows microbiological purity. 
The technology prepared enables prepara-
tion of a basic textile as a carrier for natu-
ral components in use for skin care. 

Editorial notice
1)  Examination was made in the accredit-

ed Biodegradation Laboratory of IBWCh 
(Certificate of accreditation AB 388).

2)  Examination was made in the accredited 
Microbiological Laboratory of IBWCh (Cer-
tificate of accreditation AB 388).

3)  Examination was made in the accred-
ited Metrological Laboratory of IBWCh 
(Certificate of accreditation AB 388).
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