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I Introduction

Nosocomial or hospital-acquired infec-
tions occur in at least 5% of hospitalised
patients [1]. According to 2007 data from
the U.S. Centers for Disease Control, no-
socomial infections account for an esti-
mated 1.7 million infections and 99,000
associated deaths each year [2]. Among
the causes of death, nosocomial infec-
tions rank fourth, preceded only by heart
disease, cancer and strokes [3]. Hospital-
acquired infections add an estimated
$4.5 to $5.7 billion per year to the cost of
patient care [4]. Staphylococcus aureus
(MRSA) and vancomycin-resistant En-
terococci were reported to be among the
most frequent microorganisms responsi-
ble for nosocomial outbreaks [5]. Noso-
comial infections are a result of the trans-
mission of pathogens and bacteria from
patients to healthcare workers and vice-
versa. The garments of healthcare work-
ers are an important aspect of the envi-
ronment that can easily become contami-
nated. For example, staphylococci are
spread by the movement of contaminated
articles, such as bedclothes, bed curtains,
and the protective clothing of nurses. A
hospital outbreak of methicillin-resistant
Staphylococcus aureus (MRSA) was also
directly linked to a stretcher and hand-
held shower [6]. Additionally, it was re-
ported that about one-half of all surgical
procedures resulted in an accident where
at least one medical worker was contami-
nated with blood [7]. A widespread con-
tamination of enterococci has also been
found in the wet sites of hospitals and is
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commonly considered to spread by per-
son to person contact.

Of late, synthetic fibres and their blends
with natural fibres are increasingly being
used in hospitals. It has been proven that
bacteria can grow and survive on these
fabrics for more than ninety days, con-
tributing to the transmission of diseases
[8]. Although it has been found that pro-
tective clothing, such as surgical gowns,
scrub suits and lab coats reduces the risk
of exposure by acting as a barrier to in-
fectious agents, they are still inadequate
in preventing the transmission of disease
itself [9, 10]. A better level of protection
is obtained by using antibacterial finished
textile substrates [11]. In this regard, even
though a wide variety of antibacterial
agents are available, the search for new
antibacterial agents with a positive bias
towards the environment continues at a
rapid pace. One potential source of novel
antibacterial agents is plants. Plants are
known to produce secondary metabolites
for protecting themselves against micro-
bial attack, usually by killing or resisting
the microbes [12]. Among the various
plant-derived compounds with antibacte-
rial activity, berberine chloride is note-
worthy because it is thought to be active
against the methicillin-resistant Staphy-
lococcus aureus (MRSA) or vancomy-
cin-resistant enterococci (VRE) [13].

The purpose of this research was to eval-
uate berberine chloride as an antibacte-
rial agent on textile substrates against
Staphylococcus aureus and Enterococcus
faecalis. The durability of the antibac-
terial activity of the treated substrates
against laundering and light exposure

was also examined. The justification for
the use of berberine chloride is that or-
ganic compounds containing a quater-
nary ammonium salt structure strongly
show antibacterial functions. As shown in
Figure 1, berberine contains a positively
charged nitrogen atom in its chemical
structure. The structure of the quaternary
ammonium salt in berberine molecules
potentially destroys the cell membrane
of bacteria. The positive charges in ber-
berine molecules could destroy the nega-
tively charged cell membrane of bacteria
due to disturbing the charge balances of
the cell membrane [14]. Therefore, ber-
berine treatments can be utilised in the
functional finishing process for antibac-
terial properties.

B Experimental

Materials

Substrates

Polyester, nylon and a 50% polyes-
ter-50% cotton blend were the substrates
used for this study, selected due to their
wide use in medical environments. The
substrates were characterised with re-
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Figure 1. Structure of berberine.
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Table 1. Fabric characteristics.

Substrate Weight, g/m2
Polyester 335
Nylon 73
50%Polyester-50%Cotton Blend 140

spect to their weight and thickness, the
data of which is shown in Table 1.

Berberine chloride
Berberine chloride was obtained in pow-
der form from Sigma-Aldrich Co., USA.

Test organisms

Staphylococcus aureus (ATCC® 6538,
MicroBioLogics) and Enterococcus fae-
calis (ATCC® 51299, MicroBioLogics)
were the two microorganisms used in
this study. They are among the two most
common bacterial isolates found in hos-
pital environments and have been identi-
fied as the major cause of cross infections
among patients. Both the organisms are
gram-positive bacteria. Standard micro-
biological procedures were employed
to maintain cultures of the bacteria in a
laboratory.

Methods

Primary screening

The agar disc diffusion assay method
was used for primary screening of anti-
bacterial activity and also to determine
the Minimum Inhibitory Concentration
(MIC) of the agent required to exhibit
antibacterial activity. A solid culture me-
dium was prepared using nutrient agar
poured into petri dishes and inoculated
with the bacteria. Six hundred pL of 0.1,
0.2, 0.3 and 0.4% antibacterial agent con-
centrations were pipetted onto sterilised
Whatman filter paper discs and placed on
individual agar plates. The plates were
then incubated for 24 hours at 37 °C in
an incubator. At the end of this period,
the plates were examined for bacterial
growth, and the size of the inhibition
zone around each disc was measured.

Berberine chloride application

Representative samples from the three
substrates were treated with berberine
chloride in an Ahiba Nuance ECO-B
infrared machine. The samples were in-
troduced to treatment beakers at room
temperature at a material to liquor ratio
of 1:10. The concentration of berberine
chloride was 10%, 20% and 30%, on
weight of fabric (owf). The temperature
was gradually raised to 130 °C, and the
treatment continued for 90 minutes. The
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Thickness, mm Construction
0.813 Twill Weave
0.280 Knit Tricot
0.305 Plain Weave

high pressure-high temperature method
was used to ensure the exhaustion of
berberine chloride onto the synthetic
and blend fabric substrates. The samples
treated were then rinsed in deionised wa-
ter and air dried. Untreated samples of
the substrates were used as control.

Determination of the antibacterial
activity of the treated fabrics

Two methods were used to test for an-
tibacterial activity. In the first method,
evaluation of the treated fabrics was
made by AATCC Test Method 147: An-
tibacterial Activity of Textile Materials:
Parallel Streak Method. In this method,
five streaks of the microorganisms were
inoculated on nutrient agar plates. Fabric
samples were placed in intimate contact
with the bacteria inoculated agar. The
plates were incubated and then observed
for the presence of a clear area of inter-
rupted growth underneath and adjacent to
the test fabric, which gives an indication
of the antibacterial activity of the fabric.
The zone of inhibition of the samples was
calculated using Equation 1:

(T-D)
W=+——7+ 1
5 (D
where:
W - width of the clear zone of inhibition
in mm,

T - total diameter of the test specimen
and clear zone in mm,
D - diameter of the test specimen in mm.

The second method involved counting
the colony forming units (CFU), as de-
scribed by Gupta et al. [15]. The CFU’s
were enumerated using a Reichert Dark-
field Quebec Colony Counter and calcu-
lating the percent reduction in bacteria
using Equation 2:

R%=¥x100 @)

where:

R - percent reduction in bacteria,

A - CFU of treated fabric,

B - CFU of untreated (control) fabric.

Durability of the treated fabrics
and antibacterial activity against
laundering

The fabrics treated were laundered in
an Atlas Launder-Ometer according to
AATCC Test Method 61, Test 1A. The
test is intended to simulate five home
launderings. The antibacterial properties
of the laundered fabrics were evaluated
once more.

Durability of the treated fabrics and
antibacterial activity against light
Independent of laundering, the fabrics
treated were subjected to lightfastness
by exposing the samples in an Atlas
Sun Test XLS+ Weatherometer chamber
with the following parameters: a Black
Standard Temperature (BST) of 63 °C, a
phase time of 300 minutes, an irradiance
(E) of 500 W/m2, and a final dosage of
9000 kJ/mZ2. The samples were exposed
front and back in the chamber over suc-
cessive days. The antibacterial properties
of the light-exposed samples were then
evaluated.

All the experiments were done in trip-
licate, and the values reported are the
means of the three replications.

@ Results and discussion

Antibacterial activity of berberine
chloride in solution

At the outset, the Berberine chloride
was screened for its antibacterial activity
against Staphylococcus aureus and En-
terococcus faecalis in solution. The re-
sults showed that berberine chloride was
effective against both microbes since a
clear zone of inhibition was seen at treat-
ment concentrations of 0.2%, 0.3%, and
0.4%. The minimum concentration of
the agent at which the zone of inhibition
was greater than 2 mm was considered
as the Minimum Inhibitory Concentra-
tion (MIC), and therefore against both
the microbes the MIC was 0.2%. At this
concentration, the growth of bacteria ad-
jacent to and beneath the filter paper was
completely inhibited. At a concentration
of 0.1%, berberine chloride inhibited
bacterial growth beneath the filter paper,
but the zone of inhibition was less than
2 mm.

Determination of the antibacterial
activity of the treated fabrics

Subsequent to the activity of berberine
chloride in the solution being established,
the next step was to evaluate its effec-
tiveness on the three textile substrates.
An agent bound to a textile fibre may be
expected to show lower activity than in
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solution since some functional groups
are modified by interaction with the fibre
during the treatment process [15]. There-
fore, to offset the expected decrease, fab-
ric samples were treated at higher berber-
ine chloride concentrations of 10%, 20%
and 30% (on weight of fabric).

Evaluation of the samples treated was
first done according to AATCC Test
Method 147. A sample was considered
to possess good antibacterial activity
if its zone of inhibition was more than
2 mm. The mean zones of inhibition of
a polyester, nylon and polyester-cotton
blend treated with berberine chloride at
various concentrations against Staphylo-
coccus aureus and Enterococcus faecalis
are shown in Tables 2, respectively. As is
clearly seen from the data in the tables,
berberine chloride is an effective anti-
bacterial agent when applied to all three
test substrates. The zone of inhibition
of the treated substrates at all concen-
trations was greater than 2 mm. Since a
10% concentration (on weight of fabric)
was sufficient to exhibit good antibacte-
rial activity throughout all the substrates,
a statistical analysis was made to fur-
ther gauge whether differences between
the substrates were statistically signifi-
cant at this level of treatment. The data
were analysed using the least square
means (LSD) procedure at a 95% con-
fidence interval (SAS, Version 9.2). It
was found that the zones of inhibition
were significantly different among the
three substrates. However, it is pertinent
to note that the difference in the size of
the zone of inhibition, even when statis-
tically significant, cannot be interpreted
as a measure of quantitative distinction
in antibacterial activity [16]. To test the
durability of the antibacterial activity of
berberine chloride, the samples treated
were laundered and exposed to light un-
der conditions described previously, the
results of which are given in Table 2.
Values of the zone of inhibition for the
samples laundered clearly show that in
post-laundering, berberine chloride re-
tains its antibacterial activity against
S. aureus and E. faecalis. However, laun-
dering does diminish the effectiveness of
berberine chloride, but the zones of inhi-
bition were still greater than 2 mm. Like-
wise, exposure to light also diminishes
the effectiveness of berberine chloride
as an antibacterial agent. However, once
again the zones of inhibition of all three
substrates are greater than 2 mm, which
indicates that they have sufficient dura-
bility against light exposure.
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Table 2. Antibacterial activity of berberine chloride treated polyester, nylon and polyester-
cotton against S. aureus and E. faecalis (Zone of inhibition).

Fabric samples Treated

Mean zone of inhibition, mm

Laundered Light exposed

S. aureus | E. faecalis | S. aureus | E. faecalis | S. aureus | E. faecalis

10% owf 6.3 7.3

Polyester 20% owf 6.8 8.1
30% owf 71 8.6

10% owf 7.5 8.1

Nylon 20% owf 8.1 9.1
30% owf 9.8 9.6

10% owf 3.8 5.1

olyester  20%owf| 5.1 58
30% owf 6.8 6.6

4.1 4.6 4.0 4.1
6.0 6.8 5.6 5.6
6.8 71 6.3 6.6
23 5.1 2.0 4.6
3.5 7.6 2.6 6.8
4.8 8.1 3.6 71
2.0 3.6 2.3 3.5
3.3 4.6 4.6 4.1
5.0 5.1 6.8 4.8

Table 3. Antibacterial activity of berberine chloride treated polyester, nylon and polyester-
cotton against S. aureus and E. faecalis (Percentage reduction in bacteria).

Fabric samples Treated

Reduction in bacteria, %

Laundered Light exposed

S. aureus | E. faecalis | S. aureus | E. faecalis | S. aureus | E. faecalis
10% owf 44.6 49.6 37.2 40.9 37.4 39.6
Polyester 20% owf 54.3 57.2 46.7 52.2 48.5 49.4
30% owf 61.8 66.9 63.0 62.9 62.5 58.2
10% owf 41.4 491 36.9 39.6 344 40.0
Nylon 20% owf 57.7 63.3 49.8 57.3 471 53.5
30% owf 70.9 73.3 65.6 64.2 61.0 62.6
10% owf 48.2 51.5 38.9 421 33.2 39.7
CE&L{?E}Z; 4 | 20%owf|  60.0 65.4 55.2 56.1 54.4 56.5
30% owf 73.3 76.6 74.5 67.8 70.2 69.1

The second method of evaluation was
calculating the percentage reduction in
bacteria by counting the Colony Form-
ing Units, data of which are presented
in Table 3 for polyester, nylon and pol-
yester-cotton, respectively. In the case
of polyester (Table 3), the data indicate
that an increase in agent concentration
from 10% on weight of fabric to 30%
on weight of fabric results in the higher
effectiveness of berberine chloride as an
antibacterial agent. For S. aureus, there
is a minor but statistically insignificant
increase in the percentage reduction af-
ter laundering and after exposure to light
at 30% concentration, whereas there is
a decrease in the case of E. faecalis at
all three concentrations. In the case of
nylon (Table 3), the data show that ber-
berine chloride treated nylon has good
antibacterial effectiveness against both
S. aureus and E. faecalis. In line with the
zone inhibition results, the percentage
reduction data confirm that the effective-
ness decreases after laundering and on
exposure to light. For example, in the
case of E. faecalis, there is a reduction
of about 9 - 12% after laundering and on
exposure to light. Statistical analysis at a
95% confidence interval revealed that at

a 10% concentration (on weight of fab-
ric) the results of the substrates are not
significantly different. Moreover, there
is no statistically significant difference
between nylon and polyester-cotton at
concentration levels of 20% (on weight
of fabric) and 30% (on weight of fab-
ric). Between polyester and polyester-
cotton, there is moderate difference at a
20% concentration (p-value 0.077) and
a higher significant difference at a 30%
concentration (p-value 0.0191) Table 3
bears out this analysis as it shows that
the berberine chloride treated polyester-
cotton blend gave the highest bacterial
population reduction of 73.3% against
S. aureus and 76.6% against E. faecalis

@ Conclusions

Berberine chloride was successfully ap-
plied as an antibacterial agent to three
textile substrates - polyester, nylon and
a polyester-cotton blend. It was found
that berberine chloride is an effective
antibacterial agent against Staphylococ-
cus aureus and Enterococcus faecalis.
The results showed that a concentration
of 10% on weight of fabric was suffi-
cient to impart antibacterial properties
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to the substrates. The antibacterial ef-
ficacy of berberine chloride on all three
substrates was also found to be durable
against laundering and light exposure.
A suggested future work could focus on
comparing the efficacy of berberine chlo-
ride with other natural and commercially
available antibacterial agents.

Acknowledgments

This research was supported by the United
States Department of Agriculture Multi-State
Research, Project S-1026 (Textile Materials
and Technologies addressing Energy, Health
and other National Security Issues) via a grant
from the Colorado Agricultural Experiment
Station.

References

1. Nguyen Q.; (2009). Hospital-acquired
infections. http://femedicine.medscape.
com/article/967022-overview. Accessed
June 2010.

2. CDC website, http:.//www.cdc.gov/ncidod/
dhgp/hai.html, accessed August 2010.

3. Klevens R. M., Edwards J. R., Richards
Jr. C. L., Horan T. C., Gaynes R. P,
Pollock D. A., Cardo D. M.; Public Health
Reports, Vol. 122(2), (2002) pp. 160-166.

4. Burke J. P.; New England Journal of Me-
dicine, Vol. 348(7), (2003) pp. 651-656.

5. Gastemeier P.,, Balderjahn-Stamm S.,
Hansen S., Zuschneid I., Sohr D., Behnke
M., Vonberg R-P., Ruden H.; American
Journal of Infection Control, Vol. 34, pp.
603-605.

6. Al-Barrak A., McLeod J., Embil J., Thomp-
son G., Aoke F., Nicolle L.; American
Journal of Infection Control, Vol. 26(1),
(1998) p. 189.

7. Dusaj S.; Technical Textile International,
Vol. 15(5), (1993) pp. 20-22.

8. Neely A. N., Maley M. P.; Journal of
Clinical Micriobiology, Vol. 38(2). (2000)
pp. 724-726.

9. Granzow J. W., Smith J. W., Nichols R. L.,
Waterman R. S., Muzik A. C.; American
Journal of Infection Control, Vol. 26(2),
(1998) pp. 85-93.

10. Sun G., Worley S. D.; Journal of Chemical
Education, Vol. 82, (2005), pp. 60-64.

11. Borkow G., Gabbay J.; Medical Hypothe-
sis, Vol. 70, (2008) pp. 990-994.

12. Hussein S. A. M., Barakat H. H., Merfort
I., Nawwar M. A. M.; Phytochemistry, Vol.
45(4), (1997) pp. 819-823.

13. YuH. H., KimK. J., Cha J. D., Kim H. K.,
Lee Y. E., ChoiN. Y., YouY. O.; Journal of
Medicinal Food, Vol. 8(4), (2005) p. 454.

14. Kim T. K., Son Y. A.; Dyes and Pigments,
Vol. 64(1), (2004) pp. 85-89.

15. Gupta D., Khare S. K., Laha A.; Colo-
ration Technology, Vol. 120, (2004) pp.
167-171.

16. American Association of Textile Chemists
and Colorists. (2009). Technical Manual.
Research Triangle Park, NC: Author.

Received 17.08.2010 Reviewed 28.11.2010

134

Technical University of Lodz
Faculty of Material Technologies
and Textile Design

Research:
The Department of Man-Made Fibres has more than 50 years of history
and experience in man-made fibres
The main scientific interest of the Department can be divided into several
fields:
composite interactive cellulose fibres based on NMMO,
nanofibres from biodegradable polymers,
advanced materials based on biodegradable polymers for medical and
technical applications,
special fibres based on advanced polymers.
The Department is equipped with advanced devices for spinning solution
preparation and fabrication of fibres and nanofibres by different methods
(melt state, dry-wet, wet spinning).

Cooperation:
The Department is currently looking for partners from academia or industry.

We offer:
The Department is equipped with various devices for the determination of
the properties of fibres and polymers:
thermal analysis (TGA and DSC),
rheometers and devices to determine the melt flow rate,
devices for determining the mechanical properties of fibres (e.g. tensile
tester),
spectrometers (FTIR, UV-vis),
optical microscopes.

For more information please contact:

Department of Man-Made Fibres
Technical Universiy of Lodz
ul. Zeromskiego 116, 90-924 £.6dz, Poland
tel.: (48) 42-631-33-59

e-mail: Piotr.Kulpinski@p.lodz.pl web site: http://www.k41.p.lodz.pl/

FIBRES & TEXTILES in Eastern Europe 2011,Vol. 19, No. 4 (87)



