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Abstract- Objectives of this study were to isolate and identify bacteria found in used clothes containing unpleasant odor by 
using MALDI-TOF MS.  Thirty two used cloth samples were swabbed and plated count on Plate Count Agar (PCA) at 35C 
for 48 hrs.  There were 20 different morphological characteristics of bacteria and were identified with MALDI-TOF MS.  
Results showed that there were 8 different species which were Staphylococcus aureus (3 isolates), Staphylococcus hominis 
(2 isolates), Staphylococcus saprophyticus (2 isolates), Staphylococcus pasteuri (6 isolates), Bacillus megaterium (2 
isolates), Bacillus pumilus (2 isolates), Brevibacillus parabrevis (2 isolates), and Brevibacillus agri (1 isolate) could be 
isolated from used clothes.  Staphylococcus spp. was a main group of bacteria which isolated from used clothes. 
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I. INTRODUCTION 
 
Clothes or fabrics are commonly and widely used in 
living. Unfortunately, used clothes easily present the 
unpleasant odor if they do not wash properly after 
being used because there are substrates for 
microorganisms growth under appropriate conditions 
such as moisture and temperature [1]. 
Microorganisms can attach clothes surface, grow and 
release waste products that can cause unpleasant 
odor. Several microbial strains will prolong and grow 
on clothes [2]. To isolate and identify bacteria in used 
clothes will be a way to know which strains of 
bacteria may cause unpleasant odor.  
 
Microbial identification is used for a wide range of 
microbiology applications including food industry, 
disease diagnosis, microbial ecology and 
environmental studies. In microbiological 
laboratories, the identification of bacterial isolates 
generally based on conventional phenotypic methods, 
such as staining (e.g., Gram staining), microscopic 
observation, colony morphological observation, 
motility, differential growth on different media, 
catalase-oxidase tests and various biochemical 
reactions [3],[4]. Several techniques can be used for 
identifying bacterial isolation i.e.; conventional 
testing methods [5], molecular biological techniques 
such as real-time PCR, sequence analysis, or 
microarray analysis [6]. Recently, Matrix-assisted 
laser desorption ionization- time of flight mass 
spectrometry (MALDI-TOF MS) technique has been 
used to reduce the analyzed time, and increase the 
accuracy for identifying microorganism. Moreover, 
this technique is inexpensive comparing to the other 
techniques [7], [8].  
 
For the first report, in 1996, MALDI-TOF spectral 
fingerprints could be obtained from whole bacterial 
cells by Holland et al., avoiding pretreatment before 
the MS analysis [9]. This technique can be used to  

 
generate protein fingerprint signatures from whole 
microbial cells [10], [11] and compare with archived  
database of reference spectra or co-analysis with 
cultures of known microbe [12], [13]. Those 
unknown strains which had the best profile match 
with existing database of reference spectra were 
represented the correct identification [14]. MALDI-
TOF MS can identify microbial species in a few 
minutes, direct from a whole cells, simple cell 
lysates, or crude bacterial extracts [9], [12], [15-17] 
Several studies had shown the MALDI-TOF MS 
method provided accurate and reproducible [8, 18]. 
Mellmann et al. [19] found MALDI-TOF MS 
identified 85.9% in agreement with the results of the 
16S rRNA gene sequencing of non fermenting 
bacteria. The identities of 10 randomly selected 
strains showed the same species identification result 
irrespective of the mass spectrometer and cultivation 
media used.  Bizzini and Greub [20] reported that, for 
routine clinical bacterial isolates, correct 
identification by MALDI-TOF MS at the species 
level was obtained in 84.1–93.6%. 
The objectives of this research were to isolate and 
identify bacteria found in used clothes containing 
unpleasant odor by using MALDI-TOF MS 
technique. 

 
II. MATERIALS AND METHODS 

 
2.1 Sample collection  
Used clothes samples (factory uniform) containing 
unpleasant odor from 1 laundry shop for 17 samples 
and used clothes with 1 week storage at normal 
temperature and humidity in order to create 
unpleasant odor from 10 households in Thailand for 
15 samples were used in bacterial isolation in next 
step.  
 
2.2   Isolation of bacteria from used clothes 
All samples were swabbed at 5 different areas for 50 
cm2 each and then suspended in 5 ml sodium citrate 
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[21]. The suspensions were spread plated on Plate 
Count Agar (PCA) (Difco, France) and incubated at 
35 °C for 48 hrs for isolating bacteria. After that, 
bacterial colonies were purified by repeatedly 
streaking. Pure cultures of bacterial isolates were 
individually maintained on Nutrient Agar (NA) 
(Difco, France) slants. All of the isolates were stored 
at low temperature (4 °C) for further identification. 
 
2.3 Phenotypic characteristics of bacterial isolates  
Pure cultures of bacterial isolates were streaked on 
NA plate and incubated at 35 °C for 24-48 hrs. 
Phenotypic characteristics, Gram staining, 
microscopic observation, colony morphological 
observation and growth on medium were carried out 
with all isolates [4]. 
 
2.4  Bacteria identification by using MALDI-TOF 
MS 
1)  Sample preparation for MALDI-TOF MS 
Pure cultures of bacterial isolates were streaked on 
NA plate and incubated at 35 °C for 24 hrs. A single 
colony of each subculture was directly spotted on the 
MALDI target plate (MSP 96 target, ground steel; 
Bruker Daltonics, Germany) and air dried. All 
isolates were tested, at least, in duplicate (two 
measurements per isolate) to verify reproducibility. 
The dried samples were overlaid with 1 µl of HCCA 
matrix solution (saturated-α-cyano-4-hydroxy- 
cinnamic acid in 50% acetonitrile and 2.5% 
trifluoroacetic acid) and dried again. The matrix 
sample was cocrystallized in this step [22]. 
 
2)  Measurement with MALDI-TOF MS 
The MALDI target plate was inserted into the 
MALDI-TOF MS apparatus for automated 
measurement and data interpretation. Measurements 
were performed with a Microflex LT mass 
spectrometer (Bruker Daltonics, Germany) using Flex 
Control 3.0 software. Spectra were recorded in the 
positive linear mode (parameter settings: laser 
frequency, 20 Hz; ion source 1 voltage, 20 kV; ion 
source 2 voltage, 18.4 kV; lens voltage, 8.5 kV) for 
mass range of 2,000 to 20,000 Da.  For each spectrum 
240 shots in 40-shot steps from different positions of 
the target spot (automatic mode) were collected and 
analyzed. 
Prior to analysis, spectra were internally calibrated 
daily by using Escherichia coli ribosomal proteins.  
For bacteria identification, the spectra were imported 
into the integrated MALDI BioTyper 2.0 software 
(Bruker Daltonics, Germany) and analyzed by 
standard pattern matching with default settings.   
 
3)  Data analysis 
The spectral pattern of each isolate was compared 
with those in the database which showed results with 
a log (score) in the range 0–3.0 of reliability. Scores 
below 1.7 represented no reliable identification, 1.7 < 
scores <2.0 were considered reliable identification to 

the genus level and scores ≥2.0 showed reliable 
identification at the species level. For the two 
measurements performed per isolate (duplication), 
higher score was used as the conclusive result. 
 
III. RESULTS AND DISCUSSION 

 
3.1 Isolation of bacteria from used clothes 
Bacteria were isolated from swab solutions by spread 
plated from 32 used clothes samples (17 samples 
from laundry shop and 15 samples from household). 
There were 20 isolates of bacteria based on difference 
of colony morphological observation on PCA. The 
major isolates were divided into groups on the basis 
of the phenotypic characteristics (e.g., Gram stain, 
microscopic observation, colony characteristics, and 
growth on medium). There were two major groups 
(Table 1). Bacteria group A, which occurred in higher 
number (65%), was staphylococci, gram positive 
bacteria and appeared in dirty white or yellow 
colonies on PCA plates with good growth at 35°C 
(data not shown). Another group was bacteria in 
group B which was rod-shaped (bacilli), gram 
positive bacteria, and creamy white colony on PCA 
plates with good growth at 35 °C (data not shown).  

 
Table 1: Phenotypic characteristics of bacterial 

isolates from used clothes 

 
 
3.2 Bacteria identification with MALDI-TOF MS 
The isolates of bacteria were identified on the basis of 
spectral pattern to the most closely related strains in 
database and were presented in Table 2. Among the 
20 isolates (corresponding to 8 different species) with 
a score of ≥2.0, 30% (6/20) were confidentially 
identified at the species level and 1.7 < score <2.0, 
70% (14/20) were confidentially identified at the 
genus level. 
MALDI-TOF MS identification results of all bacteria 
isolates were in agreement with results of the 
phenotypic characteristics method. Staphylococcus 
spp. (Group A) was the most detected (65%) in used 
clothes samples. They achieved reliable identification 
by MALDI-TOF MS to the species level for 3 of 13 
isolates (23.08%), which were Staphylococcus 
aureus, Staphylococcus hominis, and Staphylococcus 
pasteuri.  For the rest, they could be confidentially 
identified by MALDI-TOF MS to the genus level 
which was Staphylococcus aureus (2 isolates), 
Staphylococcus hominis, Staphylococcus  
saprophyticus (2 isolates), Staphylococcus pasteuri (5 
isoaltes).  Staphylococcus spp. are staphylococci and 
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gram-positive bacteria [3] which represent a genus of 
bacteria commonly encountered in the clinical 
microbiology laboratory in a wide variety of 
specimen types [23]. Staphylococcus aureus is the 
predominant  pathogenic species from  the  genus 
Staphylococcus [24] and particularly on nasal mucous 
membrane and skin (hair follicles). Staphylococcus 
hominis is a predominant species on the head, 
armpits, arms, and legs, and to a lesser extent in the 
naris and they can cause of nosocomial infection in 
patients [25]. Staphylococcus saprophyticus isolated 
mainly from the urine of sexually active young 
women and causes the infection of urinary tract [26]. 
Staphylococcus pasteuri was isolated from human, 
animal and food specimens [27].  
 
All identified species of Staphylococcus were related 
with human skin and human specimens. 
Consequently, these bacteria strains could be isolated 
from used clothes. 
 
Isolated bacteria group B could be confidentially 
identified by MALDI-TOF MS in genus of Bacillus 
and Brevibacillus. Bacillus spp. were identified by 
MALDI-TOF MS with reliable identification to the 
species level (scores > 2) for 50% (2 isolates), which 
were Bacillus megaterium, and to the genus level (1.7 
< scores <2.0) for 50% (2 isolates), which were 
Bacillus pumilus. They are gram-positive rod-shaped 
and endospore-forming bacteria which widely 
distribute in soil, dust and cheese.  Bacillus 
megaterium was found in clinical specimens, soil, 
water, dust and decomposing materials [3]. Bacillus 
pumilus was a bacteria found in soil, water, and a 
variety of other habitats.  Bacillus pumilus is an 
environmental bacteria that has been rarely associated 
with human infection, however B. pumilus in rice was 
found to be responsible for foodborne illness [28].  
The identification of Brevibacillus spp. resulted by 
MALDI-TOF MS showed reliable identification to 
the species level (scores > 2) for only 1 isolates, 
which was Brevibacillus parabrevis and to the genus 
level (1.7 < scores <2.0) for 2 isolates.  They are 
gram-positive rod-shaped and endospore-forming 
bacteria. Brevibacillus parabrevis commonly founded 
in clinic specimens, water, soil, air and decaying 
matter [29]. Brevibacillus agri was discovered in soil, 
water and clinical specimens. All identified species of 
Bacillus and Brevibacillus are mainly in environment, 
soil, water and dust.  Normally, used clothes are 
likely to be exposed to the environment, water, dust 
and dirt thus these bacteria strains can be isolated 
from used clothes. 
 

Table 2: Identification of bacteria isolated from 
used clothes by MALDI-TOF MS 

 
 

A-B Two groups on the basis of the phenotypic 
characteristics 
* Reliable identification at the species level (scores > 
2) 
 
CONCLUSIONS 
 
In conclusion, our study showed 8 different species 
out of 20 isolates were identified from used clothes 
containing unpleasant odor by using MALDI-TOF 
MS technique. Bacteria confidentially identified by 
MALDI-TOF MS to the species level were obtained 
in 6 of 20 isolates (30%). They were 5 species 
including Staphylococcus aureus, Staphylococcus 
hominis, Staphylococcus pasteuri, Bacillus 
megaterium (2 isolates) and Brevibacillus parabrevis. 
However, the rest isolates (14 isolates) were 
confidentially identified to the genus level including 
Staphylococcus aureus (2 isolates), Staphylococcus 
hominis, Staphylococcus saprophyticus (2 isolates), 
Staphylococcus pasteuri (5 isoaltes), Bacillus pumilus 
(2 isolates), Brevibacillus parabrevis, and 
Brevibacillus agri. Results showed that 
Staphylococcus spp. was a main group of bacteria 
which isolated from used clothes. 
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