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Abstract
An investigation into the antifungal activities of anti-microbially, hydrophobically and 
oleophobically finished cotton fabrics designed for tents and marquees was performed ac-
cording to the AATCC 30-1999 (IV) test method. The growth of test moulds (Aspergillus 
niger, Penicilium pinophilum and Trichoderma harzianum) on differently treated cotton 
fabric samples was evaluated according to the standard procedure and additionally using 
image processing and analysis, which have, to a great extent, increased the accuracy of 
standard organoleptic estimation. Image processing and analysis enabled an exact evalu-
ation of tests of microorganism growth over a percentage area of a fabric sample covered 
by fungi, after a defined exposure period. The introduction of an evaluation technique using 
image processing and analysis was shown to be suitable for the purpose of assessing fungal 
attack. The results of the tests performed on selected antifungal compounds showed signifi-
cant distinctions even between those cotton fabric samples treated with different amounts 
of antifungal agents. 
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starts on the cutting edge where the spores 
can easily reach the fibre’s lumen [6]. 
Hyphaes sprout in the lumen and form a 
mycelium, which grows toward the fibre’s 
wall, causing its degradation. 

The damage caused by microorganisms 
becomes visible with changes on the tex-
tile or fibre surface, mostly in the form 
of de-coloration and stains; in most cases 
these changes are followed by a typically 
musty smell. De-coloration is mainly 
caused by chemical reactions between 
metabolites secreted by the microorgan-
ism and finishing agents or dyes in the 
textile material. In many cases this leads 
to the production of pigment-like sub-
stances [4, 6]. 

There are a lot of standardised methods 
for the antifungal activity assessment of 
textiles, which mainly prescribe a visual 
estimation of fungal growth on textile 
samples or their de-coloration [9]. In 
some cases, where mechanical properties 
are the most important, test methods also 
include the determining of the mechani-
cal properties of textile samples before 
and after an attack of microorganisms. 
Certain quantitative approaches, e.g. ac-
cording to Quin [10], include the appli-
cation of a high performance microscope 
for counting bacteria or fungal colonies; 
such manual microscope measurements 
are very slow and tedious; however, im-
age processing and analysis solves these 
problems very successfully. Image pro-
cessing is a tool that converts analogue 
information of the image into a numeri-
cal form and is usually used for two 
somewhat different purposes [11]: firstly, 

for improving the visual appearance of 
images for the viewer, and secondly for 
preparing images to measure features 
and structures. Such image processing 
and analysis has been increasingly intro-
duced into fields where “organoleptic” 
evaluation or so-called “manual” data 
acquisition are the only ways to acquire 
analysis results. In textile research, im-
age processing and analysis have been 
mainly used to measure cotton fibre ma-
turity [12, 13] or to determine the distri-
bution of the diameter of wool fiber [14]. 
There have also been some approaches 
using flat-textile porosity measurements. 
However, the application of image analy-
sis as a tool for quality control and textile 
damage determination has increased over 
the past few decades [15, 16]. Computer 
processing is a method of obtaining nu-
merical information from images which 
is more accurate, less time-consuming 
and more reproducible than other meth-
ods [17]. 

The aim of the present research was to 
determine the antifungal activities of 
special cotton fabric samples for tents 
and marquees that had been treated with 
antifungal agents and flame-retardant, 
oleo- and hydro-phobic agents in the 
same finishing bath. The influence of 
interactions between different agents on 
the antifungal activity of a treated fabric 
was investigated. Several methods for 
the antifungal activity assessment of the 
textile samples were studied, and Test IV 
of the AATCC 30-1999 method was cho-
sen [18] as the most appropriate for these 
types of specialty textiles. The results of 
the conventional visual technique for fun-
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 Inroduction

All surfaces in natural and artificial envi-
ronments are covered by ubiquitous micro-
organisms [1]. Microorganisms can cause 
problems in textile raw materials, process 
chemicals, during wet textile treatments, 
in textile and textile product warehouses 
during transportation, and even during 
the everyday usage of textile products [2, 
3]. Fungi produce at least three enzymes 
(‘cellulase complex’) of extra cellular 
activity [4, 5] during growth on exoglu-
canase or ß-D-glucosydases cellulose, 
respectively, remove disaccharide units 
from the chain ends of endoglucanases or 
ß-D-glucanohydrolases cellulose, respec-
tively, and randomly break the ß-1,4 bonds 
of cellulose chains; the third component is 
ß-D-glucosidases, hydrolysing cellobiose 
into glucose units, which are then used as 
a carbon source for fungal growth [6-8]. 
On cotton fabric, fungal contamination 
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gal growth evaluation anticipated by the 
standard test method were compared to 
the image analysis results. Image process-
ing and analysis even enabled to distin-
guish between cotton samples treated with 
different amounts of the antifungal agent. 

 Experimental
Materials 
Fabric samples
Cotton fabric of high thread density 
(warp: 335 threads/10 cm and weft: 195 
threads/10 cm) and high weight per unit 
area (280 g/m2), designed for tents and 
marquees, produced by Induplati Ltd., 
was used during this research. 

A standard finishing solution composition 
was proposed by the producer in order to 
obtain antimicrobial properties as well as 
oil- and water- repellency. An impregna-
tion procedure was applied using an an-
timicrobial triazol compound (Rucobac 
EPV) [19, 20], oil- and water-repellency 
fluorocarbon polymer (Rucoguard AFB), 
and a polyisocyanate fixing agent (Ru-
coguard NET). In order to investigate the 
influences of the agents applied on the 
fabric’s antimicrobial properties, several 
samples were prepared using different 
recipes for preparing the impregnation 
solution (Table 1). 

Experimental impregnation procedures 
were set up according to statistical rules. 
The last four samples were repetitions 
of the impregnation procedure, in which 
the same solution composition was used 
in order to evaluate standard deviations. 
Four parallel test samples: A, B, C and 
D were taken for the assessment of anti-
microbial properties. The control sample 
(K) was an untreated raw fabric sample.

Test organisms
The following test organisms were used in 
the antifungal activity assay: Trichoderma 
harzianum (CBS 370.52), Penicillium 
pinophilum (CBS 631.66) (List of cul-
tures, 1990; http://www.cbs.knaw.nl/da-
tabases/index.htm) and Aspergillus niger 
(Collection of industrial microorganisms, 
F42). During the experiment, the cultures 
were kept on agar plates and slants in an 
incubator at a temperature of 301K.

Culture medium
Malt agar was applied for the safekeeping 
and growth of the Trichoderma harzianum 
bioculture, and potato dextrose agar – for 
the P. pinophilum and A. niger cultures. 
 

Methods
The antifungal activity assessment of 
the finished cotton fabric samples was 
performed according to test IV of the 
AATCC Test Method 30-1999. A sche-
matic presentation of the experimental 
work is presented in Figure 1.

The samples were evaluated every 
7 days over a 28 day incubation period. 
Visual and microscopic estimation of 
the samples’ appearance was performed 
according to the AATCC standard test 
method using three estimation levels: 
0 – no growth, 1 – microscopic growth 

Table 1. Finishing solution composition and sample denotation.

Test sample Finishing 
procedure 

Finishing solution composition

Antimicrobial agent,  
g/l

Oil- and water 
repellency agent,  

g/l
Auxiliary agent,  

g/l

A, B, C, D K (control) – – –

A, B, C, D 1 80 50 50

A, B, C, D 2 30 50 50

A, B, C, D 3 80 5 50

A, B, C, D 4 30 5 50

A, B, C, D 5 80 50 10

A, B, C, D 6 30 50 10

A, B, C, D 7 80 5 10

A, B, C, D 8 30 5 10

A, B, C, D 9 49 15,8 22,4

A, B, C, D 10 49 15,8 22,4

A, B, C, D 11 49 15,8 22,4

A, B, C, D 12 49 15,8 22,4

Figure 1. Schematic presentation of antifungal activity assessment.
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sure conditions using a high-resolution 
digital photo camera. Photographs of 
both sides of the samples were taken 
(a – side of inoculum distribution and 
b – the other side) in order to follow the 
growth of fungi throughout the time peri-
ods of the fabric samples. 

Image analysis
Images of the fabric surfaces were ana-
lysed using KS 300 Rel. 3.0 software in 
the “true colour” mode (Zeiss) for image 
processing and analysis, and the area % 
of fungal overgrowth determined. 

Special protocol was designed to ensure 
the exact same measuring procedure for 
all the specimens, (Figure 2). Subjectiv-
ity in the evaluation was excluded by re-
specting this protocol.

The images were loaded by the “im-
gload” command and by the “wincopy” 
command, and the exact dimensions of 
the images evaluated were defined. Two 
images were loaded for each analysis: an 
image of the sample analysed , which had 
been exposed to fungi growth (image 2 in 
Figure 3), and an image of the so-called 
blank (non-exposed) sample (image 4 in 
Figure 3). Normalisation of the back-
ground was performed by the division 
of image 4 from image 2, the result be-
ing image 5 in Figure 3. The “scalint” 
command was applied for image contrast 
improvement (image 6 in Figure 3) and 
“dislevrgb” for colour segmentation. 
The segmentation command produced a 
so-called binary image, which was addi-
tionally processed by commands 11, 12, 
13 and 14, in order to achieve the best 
possible definition of the features meas-
ured – the area occupied by the fungi. 
The result of the binary image process-
ing was image 12 in Figure 3, and image 
13 in Figure 3 represents the processing 
procedure’s efficiency, with the bright re-
gions in the image representing the area 
occupied by the fungi.

 Results and discussion
Table 2 presents results for the standard 
visual estimation of fungal growth on the 
fabric samples, according to the AATCC 
30-1999 (IV) method. For the majority of 
samples, the effects of the fungal presence 
and growth are visible to the naked eye, 
hence estimation value 2 prevails. For 
the samples treated with larger amounts 
of the antimicrobial agent (samples 3, 
5 & 7), the effects of fungal growth are 
visible only under a microscope, and it is 

Table 2. Fungi growth on fabric samples estimated after 28 days of incubation according 
to AATCC 30-1999 (IV): 0 – no growth, 1 – microscopic growth (visible only under a 
microscope at 50x magnification), 2 – macroscopic growth (visible to the naked eye). 

Sample A B C D average

K (control) 2 2 2 2 2

1 1 2 2 2 2

2 2 2 2 2 2

3 2 1 1 2 1-2

4 2 2 2 2 2

5 2 1 1 1 1

6 2 2 1 2 2

7 2 2 1 1 1-2

8 2 2 2 2 2

9 2 1 2 1 1-2

10 2 1 2 2 2

11 2 2 2 2 2

12 2 2 2 2 2

Figure 2. Image of the processing and analysis protocol. 

Figure 3. Resulting images of single processing steps.

Image 2 Image 4

Image 5 Image 6

Image 12 Image 13

(visible only under a microscope at  
50x magnification), and 2 – macroscop-
ic growth (visible to the naked eye). Mi-
croscopy was also used to confirm the 
assumption that all darker spots on the 

treated fabric samples were due to fun-
gal activity. 

After 28 days of incubation, the samples 
were photographed under defined expo-
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very difficult or practically impossible to 
make a clear distinction between some of 
them using a visual (analogous) evalua-
tion technique. 
 
The non-treated control sample (K) be-
haved totally differently in comparison 
to the other anti-microbially finished 
samples during the performance of the 
tests of antifungal activity. All three 
test moulds applied were visible on that 
particular sample. The yellowish-green 
stains of Trichoderma harzianum are vis-
ible on the control sample (Figure 4) but 
are absent on all the other finished fabric 
samples (Figure 5). On the control sam-
ple the mycelium and conidia of Asper-
gillus niger are also clearly visible; but 
they are mainly limited to the edges of 
the sample owing to the cut fibre edges, 
which are more sensitive to fungal attack. 
Penicillium pinophilum is also present in 
a higher amount on the control sample 

Figure 4. Control sample (K) after 28 days 
of incubation.

Figure 5. Selected examples of the appear-
ance of the fabric samples after 28 days  
of incubation.

Figure 6. Area % of fungal overgrowth of the control (K) and differently treated sam-
ples (S1 to S12).

but is mainly covered by Aspergillus ni-
ger (Figure 4). 

The mycelium with the conidia of Asper-
gillus niger is absent on the fabric samples 
antimicrobially and oil- and water repellent 
finished (Figure 5). However, under a mi-
croscope it was established that the darker 
stains on these samples were caused by 
those particular fungi. The changed behav-
iour – growth and stains, could be caused 
by the chemical reaction of the metabolite 
secreted by the fungi, or by the chemicals 
with which the fabric was treated. Owing 
to the absence of a conventional form of 
Aspergillus niger, the colonies of Penicil-
lium pinophilum are also more easily visi-
ble on the finished fabric samples (samples  
2 & 4 in Figure 5). 

The inoculum distribution on those sam-
ples treated with a water-repellent agent 
(a hydrophobic surface) was difficult to 
determine owing to the build-up of in-
oculum drops on the fabric’ surfaces, the 
reason for which being that the inoculum 
was mechanically smeared over the sur-
face, for which a special rounded-hook 
was used. Despite the careful procedure 
for inoculum distribution on the surfaces 
of those samples treated with high con-
centrations of the water-repellent agent 
(samples 1, 2, 5 & 6), drops built-up, and 
therefore fungal growth also occurred in 
certain forms on the surface.

The results regarding the area % of fun-
gal overgrowth, determined using image 
processing and analysis, are represented 
on the diagram in Figure 6. There are sig-
nificant differences in the area % of fun-
gal overgrowth between the control sam-

ple, where the area amounts to approx. 
40%, and all the other chemically-treated 
samples, where the area covered by fungi 
is smaller than 18%. Hence, it follows 
that all the treatment procedures applied 
inhibit fungal growth significantly. It can 
also be concluded from the diagram in 
Figure 5 that the estimation method us-
ing image processing and analysis is, in 
comparison to the standard visual estima-
tion procedure, also sensitive enough to 
distinguish between those fabric samples 
treated with different amounts of the an-
timicrobial agent.

Samples 2, 4 and 8 exhibit slightly weak-
er antimicrobial activity in comparison 
to the other chemically treated samples. 
The area % covered by fungi on those 
samples amounts to between 15.8% and 
18.2%, thus all of them were treated with 
lower amounts of the antifungal agent. 
However, sample 6, which was also 
treated with the same amount of the an-
tifungal agent, did not demonstrate such 
low antifungal activity. Presumably, in 
this case a higher amount of the oil- and 
water-repellent agent caused poor wet-
ting with inoculum and, as such, a poor 
conidial suspension spread.

Samples 1, 3, 5 and 7 were treated with 
high amounts of the antifungal agent 
(80 g/l) and, as such, exhibited higher 
antifungal activity. The area % of fungal 
overgrowth on this group of samples is 
approx. 10% or lower, and no significant 
differences could be noticed between 
them. Hence it can be concluded that 
the oil- and water-repellent agents had a 
lower influence on fungal overgrowth, as 
was in the case of lower concentrations 
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of the antimicrobial agent. This conclu-
sion can be proved by comparing sample 
pairs 6 and 8 with 5 and 7. Between sam-
ples 5 and 7 there is no significant differ-
ence in the area % of fungal overgrowth, 
amounting to 7.3% and 8.1%, despite 
different concentrations of the oil- and 
water-repellent agent in the finishing 
bath (50 & 5 g/l). However, in the case of 
samples 6 and 8, treated with the lowest 
concentration of the antimicrobial agent 
(30 g/l), the area % of fungal overgrowth 
is significantly different (9.7% & 18.0%). 

In order to test for systematic errors, 
samples 9, 10, 11 and 12 were treated in 
finishing baths with the same chemical 
composition. On the basis of a signifi-
cant analysis (t-test), it was established 
that there were significant differences 
between the untreated (control) sam-
ple and all the treated sample groups  
(p < 0, 0002). The evaluation technique 
introduced, in which image processing 
and analysis were used, also proved sen-
sitive enough to trace significant differ-
ences in the inhibitory effects of the anti-
microbially treated samples with a higher 
concentration of the antimicrobial agent  
(80 g/l), in comparison to those treated with 
a lower concentration (30 g/l) (p = 0,020). 

The influence of added amounts of oil- 
and water-repellent agents had a signifi-
cant influence on the antimicrobial effect 
of the treated fabric samples only in the 
case of lower concentrations of the anti-
microbial agent in the finishing bath. In 
this case the hydrophobic agent increased 
the inhibitory effect of the antimicrobial 
agent. However, the presence of an auxil-
iary agent had, in all cases, an inhibitory 
effect on the antimicrobial properties of 
the fabric samples.

 Summary
The aim of the research presented was to 
determine the antifungal activity of spe-
cial cotton fabric samples for tents and 
marquees treated with antifungal as well 
as oleophobic and hydrophobic agents, 
using the same finishing procedure. Test 
IV of the AATCC 30-1999 method was 
chosen as the most appropriate for testing 
these types of samples. Three test organ-
isms were applied according to the test 
method: Aspergillus niger, Penicilium 
pinophilum and Trichoderma harzianum.

Image processing and analysis were suc-
cessfully introduced for the evaluation 
of fungal growth in order to distinguish 

small differences between different anti-
microbially finished samples, the results 
of which were compared to those using 
the standard visual estimation technique.

All the test fungi applied could be traced 
in large amounts on the non- antimicrobi-
ally treated control sample after 28 days 
of incubation, which did not occur in 
the case of the antimicrobially treated 
samples. On the antimicrobially treated 
samples, mycelium with the conidia of 
Aspergillus niger was absent; there were 
only darker stains, which were the prod-
ucts of the fungi’s changed behaviour, 
presumably owing to the chemical reac-
tions of the metabolite secreted by the 
fungi, as well as to the finishing agents 
present on the surface.

The standard visual (organoleptic) evalu-
ation method for fungal growth on fabric 
samples allowed to clearly distinguish be-
tween the appearance of the non-treated 
control sample and all the other anti-mi-
crobially treated samples. Differences be-
tween the various anti-microbially treated 
samples, however, were indistinguishable 
using the standard estimation method.

The image processing and analysis meth-
od, which was successfully introduced 
during this research, proved sensitive 
enough to differentiate between samples 
treated with different amounts of the an-
timicrobial agent. The results show that 
those treatments using large amounts of 
the antimicrobial agent (80 g/l) caused 
a significantly higher inhibitory effect 
on fungal overgrowth (area % covered 
by fungi amounted to 18% and higher) 
than those samples treated with smaller 
amounts (30 g/l) of that particular agent 
(the area % covered by fungi amounted 
to 10.8 % or lower). The presence of oil- 
and water-repellent agents had a signifi-
cant influence on the antifungal activity 
of the samples tested only in the cases 
of smaller amounts of the antimicrobial 
agent in the finishing bath. The presence 
of an auxiliary agent displayed a negative 
influence on the anti-fungal properties of 
the samples tested.

The standard evaluation method, which is 
prescribed in the AATCC 30-1999 method 
(Test IV), is easily applicable for deter-
mining differences in the fungistatic effec-
tiveness of anti-fungally treated and non-
treated fabric samples. However, when 
determining the fungistatic effectiveness 
of different anti-fungally-treated fabric 
samples, the visual evaluation method 

was shown to be lacking in sensitivity. 
The evaluation technique introduced, in 
which image processing and analysis was 
used, proved extremely promising. 
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