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Recovery of microorganisms on fabric materials after low
water temperature washing with non-oxidizing acidic
bleaching formulation by culture method
Jaesung Lee, John A. Lopes and Melvin A. Pascall

ABSTRACT
The recovery of microorganisms to different fabrics was evaluated after a washing process combined
with a food-grade non-oxidizing acidic formulation and low washing water temperature. Cotton,
polyester and a polyester/cotton blend fabric samples were inoculated with Escherichia coli, Listeria
innocua and Saccharomyces cerevisiae, then dried for 1 day. They were separately placed in a
W

simulated fabric washer and decontaminated for 1 and 10 min with the acidic formulation at 23 C
water washing temperature. The combination of direct detecting and dilution methods was used to
detect survivors on fabrics. The use of 0.1% acidic formulation in the washing process signiﬁcantly
increased the efﬁcacy of the washing for all fabric samples. Microorganisms on the cotton and
mixed fabric appeared to bind more strongly and were more resistant to the washing process.
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No viability was observed on the fabric swatches at 1 cfu/sample detection limit when the washing
process was combined with 0.5% acidic formulation in the 10 min washing cycle. These ﬁndings
can be used to increase the efﬁciency of sanitizing fabrics in an environmentally friendly way, for
remove harmful microorganisms from them and reduce cross-contamination.
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INTRODUCTION
To prevent cross-contamination and provide personnel pro-

quantities of bleaching agents are needed for the laundering

tection from infectious microorganisms, various forms of

process in health-care and food service facilities. Bleaching

fabric materials are used to make coats and aprons for

agents most widely used in laundering operations include

health-care workers and laboratory personnel in the

hydrogen peroxide, hydroquinone and chlorinated com-

health-care industries (Swell ). Findings in previous

pounds (Belkin ; de Vos et al. ). When these

studies indicated that both Gram-positive and Gram-

bleaching agents are added to detergents and used at the

negative pathogenic bacteria can survive for times ranging

correct temperature and exposure time on fabrics that are

from hours to months after drying on fabric which has

heavily contaminated, they are able to reduce bacterial num-

been commonly used in food service and health-care work

bers to acceptable margins of safety (CDC ). However,

places (Wilkoff et al. ; Neely ; Neely & Maley

the safety associated with the use of these bleaching agents

). The literature reports that the nature of the fabric,

can be questioned when high residual quantities with toxic

such as origin of material, pore size, and surface tension,

potential to humans are left on the washed fabric. Further-

is strongly related to the ability of bacteria to attach to it

more, by-products are possibly formed when they react

(Leonas & Jinkins ).

with naturally occurring organic matters (Pontius ;

To achieve desired minimal microbial counts on laun-

Betts ). In our study, we enhanced the sanitizing efﬁcacy

dered fabrics, the use of appropriate qualities and

of the laundry washing process by adding a food-grade
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acidic chemical formulation to the washing process in order

was used as chemical washing agent. Citric acid is a non-

to produce microbial inactivating capabilities, but with a

oxidizing bleaching compound that can be used to

safe and lower residual potential (Lopes ).

remove certain types of stains on materials (Keshav et al.

Presently, the known methods used to monitor

). The stabilizers and other excipients in this formu-

microbial numbers on fabric include impression sampling

lation have a high safety and biodegradability proﬁle.

using RODAC plates, rinse-extraction and maceration. How-

This acidic bleaching formulation was supplied as a pow-

ever, these methods are time-consuming and cumbersome

dered concentrate which needed reconstitution before

and/or have low efﬁciencies of microbial enumeration. A

use. Three concentrations (0.1, 0.5, and 1.0% with pHs of

procedure has been developed to directly enumerate micro-

3.0, 2.6, and 2.5, respectively) of this formulation were pre-

organisms on fabric material by overlaying the material with

pared by adding the powdered formulation to sterile

a nutrient agar containing 2,3,5-triphenyltetrazolium chlor-

deionized water. A commercial chlorine bleach, containing

ide (TTC) as a vital dye indicator (Lee et al. a, b). This

6% sodium hypochlorite, was used as positive control

method appears to be better than the widely used macera-

washing agent. The sodium hypochlorite used in this

tion method for the determination of bacterial density on

study had 100 ± 10 ppm chlorine and this concentration

laundered fabric materials. This is because this new

was determined using a HI 95771 Chlorine Ultra High

method is better able to detect smaller numbers of microor-

Range Meter (Hanna Instruments, Ann Arbor, MI).

ganisms when compared with the traditional techniques. It
is known that 10–100 pathogenic bacterial cells might be

Preparation of microbial cell suspensions

sufﬁcient to cause disease in healthy adults (DuPont et al.
). Therefore, this detection method is advantageous to

E. coli K-12 (ATCC 29181), L. innocua (ATCC 33090) and

laboratory coat wearers who rely on mechanical agitation

S. cerevisiae (OSU 211) were stored at –86 C in trypticase

as a washing method.

soy broth (Difco, Detroit, MI) supplemented with 0.3% (w/w)

W

The objectives of this study were: (i) to examine the

yeast extract (TSBYE) for E. coli and L. innocua, and

attachment and reduction of microorganisms on various

Sabouraud dextrose broth (Difco, SDB) for S. cerevisiae

un-cleaned/cleaned fabrics; and (ii) to determine the efﬁ-

with 40% glycerol. A loopful of each frozen culture was

cacy of a food-grade acidic formulation for the reduction

revived in 10 mL of TSA for bacteria and SDB for S. cere-

of inoculated microorganisms on various fabric materials

visiae, and incubated for 24 h at 37 C for bacteria and for

W

W

during washing processes. For this study, Escherichia coli

36 h at 30 C for S. cerevisiae. Each of these cultures was

K-12 and L. innocua Seeliger were used as surrogates for

then inoculated on a tryptic soy agar (TSA) slant for bac-

foodborne pathogenic strains of E. coli 0157:H7 (Gram-

teria and Sabouraud dextrose agar (SDA) slant for

negative bacteria) and L. monocytogenes (Gram-positive

S. cerevisiae. The bacteria were incubated at 37 C for

W

bacteria), respectively (Moce-Livina et al. ). A strain

24 h. S. cerevisiae was incubated at 30 C for 36 h. The

of Saccharomyces cerevisiae (yeast) was also selected to

cells grown on the slant were stored at 3 C and used as

investigate the broad-spectrum efﬁcacy of the acidic

a stock culture. For each experiment, a loopful of stock cul-

formulation.

ture was transferred to 20 mL TSBYE or SDB and

W

W

W

incubated for 24 h at 37 C for bacteria and for 36 h at
W

30 C for S. cerevisiae. The cells were then harvested by

METHODOLOGY

centrifugation (Sorvall® RC5C Plus, Newtown, CT, USA)
W

at 10,000 g for 10 min at 4 C. The supernatant was decBleaching solutions

anted, and the pellets were re-suspended in 20 mL of
0.1 M phosphate buffer containing organic matter (0.1%

A food-grade acidic formulation containing 66% citric acid

tryptone, w/v), pH 7.2 to obtain cell populations of >8.0

and 3.6% sodium dodecylbenzene sulfonate (SDBS) was

log cfu/mL for bacteria and >7.0 log cfu/mL for

obtained from Microcide, Inc. (Detroit, MI, USA) and

S. cerevisiae.
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of the acidic formulation or the chlorine bleach solution
with a ﬁnal concentration of 100 ppm chlorine, and then

Three types of fabric materials, 100% cotton (C, 0.15 ×

rinsed for 30 s with sterile deionized water (200 mL, 23 C)

0.14 mm pore size, 0.7 mm thickness), 65% polyester

in a second jar. After draining to remove excess washing sol-

W

þ35% cotton (CP, 0.14 × 0.12 mm pore size, 0.6 mm thick-

utions, surviving organisms on the fabric surfaces and in the

ness), and 100% polyester (P, 0.12 × 0.11 mm pore size,

washing/rinsing water were enumerated. The processed

0.4 mm thickness), were purchased from a local fabric

fabric swatches were placed in separate Petri dishes and

store and used in this study. Fabric swatches were prepared

directly overlaid with appropriate agar containing the neu-

by cutting them into 4 × 4 cm squares. The average weights

tralizers and TTC. A second set of the fabric swatches

of the swatches were approximately 0.15 g for C and CP

were assayed after dilution. This was done because of the

samples, and 0.09 g for the P sample. These swatches were

difﬁculty in counting high microbial numbers in some

placed into a plastic box and sterilized prior to use by auto-

samples. In the dilution method, the processed samples

claving for 15 min, then air dried. The swatches were

were transferred to sterile tubes containing 30 mL of the

inoculated (300 μL) with microbial cell suspensions. Each

neutralizing buffer solution. After vigorous vortexing to

inoculum was spread evenly using a sterile pipette tip,

resuspend the contents of the tube, the cells were serially

then allowed to dry for 24 h under ambient conditions. A

diluted and pour plated using appropriate agar containing

dilution method was used to enumerate the organisms on

the neutralizers and dyeing agent.

the swatches before and after drying. In this method, each

A portion (100 or 1,000 μL) of the washing/rinsing

swatch sample was transferred to 30 mL of the phosphate

water was serially diluted and also plated onto appropriate

buffer solution containing neutralizers (0.07% lecithin,

agar containing the neutralizers and TTC. Survivors in all

0.5% Tween 80 and 0.1% sodium thiosulfate) in a 50 mL

samples were enumerated after incubation at 37 C (bac-

sterile conical tube. After vortexing vigorously to resuspend

W

W

teria) and 30 C (S. cerevisiae) for 36 h.

the contents in the tube, the cells were serially diluted and
pour plated using an appropriate agar containing the neu-

Statistical analysis

tralizers and TTC (Becton, Dickinson and Co., Sparks,
MD, USA) as a dyeing agent. In order to enumerate the

The signiﬁcances between the mean values of the microbial

microorganisms that remained attached after vortexing,

viability were analyzed by multifactor analysis of variance.

fabric swatches were placed in separate Petri dishes and

The data analyses were performed by the General Linear

directly overlaid with the appropriate agar containing the

Model function and Tukey’s multiple comparison testing

neutralizer and dyeing agent. After 36 h incubation at opti-

with SAS, version 9.2, statistical program (SAS Institute,

mum growth temperature, culturable cells in all samples

Cary, NC) to determine the level of signiﬁcance between

were enumerated. The number of colony-forming units on

the effects of the types of bleaching solutions, types of

the swatch samples (cfu/sample) after the drying process

materials and washing time on the removal of the tested

was used as the initial microbial contents for the wet laun-

microorganisms. The level of signiﬁcance was set at P <

dering study.

0.05. All laundering processes were repeated at least three
times in this study.

Wet fabric laundering and microbial enumeration
Two swatches from each fabric type were placed in a simu-

RESULTS

lated top load single-drum mechanical fabric washing device
and washed by mechanical forces created from the agitator

Drying effect before wet laundering process

(100 rpm) and turbulence of 5 mm glass beads in a jar conW

taining 200 mL of washing solutions (23 C). The swatches

Table 1 shows the microbial populations on the three differ-

were washed for 1 and 10 min with 0.0, 0.1, 0.5, and 1.0%

ent fabric swatches before the washing process. After drying
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W

Viable counts (log10 cfu/sample) of microbial strains on fabric samples after air drying at 23 C for 24 h
E. coli

L. innocua

S. cerevisiae

Drying

C

CP

P

C

CP

P

C

CP

P

Before

7.9 ± 0.3

7.9 ± 0.3

7.9 ± 0.3

8.2 ± 0.2

8.2 ± 0.2

8.2 ± 0.2

7.2 ± 0.2

7.2 ± 0.2

7.2 ± 0.2

After

5.2 ± 0.3

5.3 ± 0.2

4.8 ± 0.2

5.4 ± 0.1

5.1 ± 0.2

4.5 ± 0.4

3.0 ± 0.2

3.1 ± 0.1

2.8 ± 0.5

on the fabric swatches for 24 h, the reduction in culturable

Table 2. The wet laundering process without bleaching sol-

cell numbers of the inoculated cultures ranged between

utions caused ∼1.5 log cfu reduction in bacteria after 1 min

approximately 2.5 and 3.5 log units for the E. coli and L.

washing time and 1 log cfu reduction in the S. cerevisiae

innocua, and >4 log units for S. cerevisiae. When the

samples. After the 10 min washing time in water for the

fabric types were compared, lower culturable cell reductions

fabric swatches, there were additional (∼0.5 log cfu) reductions

were found on the 100% cotton (C) and 35% cotton þ 65%

in the organisms on samples C and CP, while >1.0 log cfu

polyester (CP) for E. coli (2.5 log cfu/sample) and L. inno-

reductions were found for the organisms on sample P.

cua (3.0 log cfu/sample) while 100% polyester (P) showed

In comparison with the result for the wet laundering

cell reductions of >3.0 log cfu/sample for E. coli and >3.5

process without the acidic formulation for the 1 min wash-

log cfu/sample for L. innocua. There was no signiﬁcant

ing, the reduction in culturable cell numbers on the C

(P > 0.05) difference in cell reduction among the three

swatches after the addition of 0.1% acidic formulation was

types of fabrics for S. cerevisiae.

∼1.0 log cfu greater for the bacterial strains and <0.5 log
cfu for S. cerevisiae. Similar reductions were obtained for
the CP swatches for E. coli, while the reduction was 2.0

Effect of wet laundering process

log cfu greater for L. innocua and 1.2 log cfu for the S. cerThe effectiveness of washing times for reduction of the cultur-

evisiae organism. Among the fabrics, the greatest reductions

able microorganisms attached to the fabric swatches after the

were achieved on the P swatches – E. coli (2.5 log cfu), fol-

W

laundering process at 23 C water temperature is shown in
Table 2

|

lowed by L. innocua (3.0 log cfu), and S. cerevisiae (1.3 log

Viable counts (log10 cfu/sample) of microbial strains in the fabric swatches after wet laundering process under various conditions
Types of washing solution
0.1% AFb

Water only
Organisms

E. coli

L. innocua

S. cerevisiae

Wipes

C

Unwasheda

5.2 ± 0.3

1 min

3.9 ± 0.1

10 min

3.4 ± 0.1

1 min

3.1 ± 0.1

0.5% AF
10 min

0.4 ± 0.1

Chlorine bleachc

1.0% AF

1 min

10 min

1 min

10 min

1 min

10 min

1.4 ± 0.2

d

ND

ND

ND

2.7 ± 0.3

ND

CP

5.3 ± 0.2

3.9 ± 0.1

3.4 ± 0.0

3.0 ± 0.1

0.4 ± 0.3

1.8 ± 0.1

ND

ND

ND

1.1 ± 0.2

ND

P

4.8 ± 0.2

2.6 ± 0.1

1.0 ± 0.2

0.2 ± 0.2

ND

ND

ND

ND

ND

ND

ND

C

5.4 ± 0.1

4.0 ± 0.1

3.5 ± 0.1

3.2 ± 0.2

0.2 ± 0.1

1.0 ± 0.3

ND

ND

ND

2.8 ± 0.2

ND

CP

5.1 ± 0.2

3.9 ± 0.2

3.5 ± 0.1

1.7 ± 0.1

ND

ND

ND

ND

ND

1.9 ± 0.3

ND

P

4.5 ± 0.4

3.1 ± 0.3

1.6 ± 0.4

0.2 ± 0.1

ND

ND

ND

ND

ND

ND

ND

C

3.0 ± 0.2

2.8 ± 0.3

2.2 ± 0.2

2.4 ± 0.1

2.1 ± 0.1

0.3 ± 0.3

ND

ND

ND

ND

ND

CP

3.1 ± 0.1

2.7 ± 0.5

2.4 ± 0.1

1.5 ± 0.5

0.2 ± 0.2

ND

ND

ND

ND

ND

ND

P

2.8 ± 0.5

1.7 ± 0.1

0.9 ± 0.3

0.4 ± 0.4

ND

ND

ND

ND

ND

ND

ND

a

Microbial numbers in fabric swatches before wet laundering process.
Acidic formulation.

b
c

Bleach solution containing 100 ppm chlorine.

d

No colony was detected on plates from sample replicates (detection limit was 1 cfu/swatch sample).
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cfu). The mean reductions of the microorganisms after

acidic formulation or chlorine bleach, indicating less than

chlorine-bleach washing were slightly higher than those

20 cells remain culturable after the washing process (Table 3).

obtained by the acidic formulation. The direct detecting

In comparing the culturable cell counts of the washing

method allowed us to detect 1 cfu/fabric swatch for both

solutions, less than 1 log cfu reduction occurred in the counts

bacteria and S. cerevisiae organisms (Figure 1). However,

in any rinsing water after the swatches were wet laundered

the presence of 0.01% TTC only assisted in the detection

without washing agents (Tables 3 and 4). The application of

and counting of the bacterial cells.

the longer washing time (10 min) reduced the surviving

The application of a longer washing time (10 min) signiﬁ-

number of bacteria in the rinse water, while that of S. cerevisiae

cantly reduced (P < 0.05) the survival numbers of most

remained the same (Table 4). Only the bacteria on C and CP

microorganisms on the fabric swatches washed in the 0.1%

swatches showed detectable colonies on the agar plates after

acidic formulation. Except for the S. cerevisiae on the C

wet laundering with the 0.1% acidic formulation.

swatches, in which ∼2.0 log cfu were observed, less than
1.0 log cfu survivors were detected on all swatch samples.
The samples washed with chlorine bleach had no culturable

DISCUSSION

microorganisms. The reduction in culturable cell numbers on
the C swatches after the addition of the 0.5% acidic formu-

The methodology used in this study was modiﬁed from the

lation for 1 min washing time was >2.5 log cfu greater for

standard test method used to evaluate laundry sanitizers

all organisms. Except for E. coli on the CP swatches, no cul-

and disinfectants (ASTM International ). This test

turable cells were detected on the CP and P swatches. At the

method recommends the addition of organic matter (soil)

same time, the samples treated with the 1.0% acidic formu-

to the experimental environment as a challenging hurdle

lation had no culturable microorganisms (Table 2).

to the sanitizer or disinfectant. NFPA () reported that

Tables 3 and 4 show the number of microorganisms that

the higher the concentration of the organic soil, the

survived in the washing solution and rinsing water after the

lower will be the potency of the sanitizer. On the other

wet laundering process at various conditions. There was no

hand, the presence of organic matter on the surface of a

signiﬁcant (P > 0.05) difference in the microbial numbers in

substrate will act to reduce the ability of microorganisms

the washing solution (Table 3) and the numbers on the

to attach to the underlying material (Fletcher ;

unwashed swatches (unwashed column in Table 2) for all

Parker et al. ). In our study the organic matter used

samples when no bleaching solution was used. No colonies

was 0.1% tryptone. This was added to the microbial cell

were detected on the agar plates associated with the washing

suspensions used to contaminate the fabric samples. The

solution and rinsing water after wet laundering with the

contaminated samples were air-dried for 1 day to simulate

Figure 1

|

The colony formation of L. innocua on different types of fabric swatches [cotton (C), 65% polyester/35% cotton (CP), polyester (P)] in TSA after washing with the commercial
W

chlorine beach for 1 min at 23 C.
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Viable counts (log10 cfu/mL) of microbial strains in the washing solutions after wet laundering process under various conditions
Types of washing solution
0.1% AFb

Water only

0.5% AF

Chlorine bleachc

1.0% AF

Organisms

Wipes

Unwasheda

1 min

10 min

1 min

10 min

1 min

10 min

1 min

10 min

1 min

10 min

E. coli

C

d

L. innocua

S. cerevisiae

ND

5.4 ± 0.1

5.2 ± 0.3

ND

ND

ND

ND

ND

ND

ND

ND

CP

ND

5.5 ± 0.1

5.4 ± 0.2

ND

ND

ND

ND

ND

ND

ND

ND

P

ND

4.8 ± 0.1

4.4 ± 0.5

ND

ND

ND

ND

ND

ND`

ND

ND

C

ND

5.7 ± 0.1

5.7 ± 0.1

ND

ND

ND

ND

ND

ND

ND

ND

CP

ND

5.5 ± 0.1

5.2 ± 0.3

ND

ND

ND

ND

ND

ND

ND

ND

P

ND

5.3 ± 0.1

4.7 ± 0.5

ND

ND

ND

ND

ND

ND

ND

ND

C

ND

2.6 ± 0.3

2.6 ± 0.2

ND

ND

ND

ND

ND

ND

ND

ND

CP

ND

2.9 ± 0.3

3.2 ± 0.2

ND

ND

ND

ND

ND

ND

ND

ND

P

ND

3.6 ± 0.2

3.5 ± 0.3

ND

ND

ND

ND

ND

ND

ND

ND

a

Microbial numbers in washing solution before wet laundering process.
Acidic formulation.

b
c

Bleach solution containing 100 ppm chlorine.

d

No colony was detected on plates from sample replicates (detection limit was 1 cfu/10 ml washing solution).

Table 4

|

Viable counts (log10 cfu/mL) of microbial strains in the rinsing water after wet laundering process under various conditions
Types of washing solution
0.1% AFb

Water only

0.5% AF

Chlorine bleachc

1.0% AF

Organisms

Wipes

Unwasheda

1 min

10 min

1 min

10 min

1 min

10 min

1 min

10 min

1 min

10 min

E. coli

C

NDd

5.0 ± 0.1

3.7 ± 0.1

3.0 ± 0.3

ND

ND

ND

ND

ND

ND

ND

CP

ND

5.2 ± 0.1

4.3 ± 0.1

3.5 ± 0.1

ND

ND

ND

ND

ND

ND

ND

P

ND

4.0 ± 0.0

3.2 ± 0.1

ND

ND

ND

ND

ND

ND

ND

ND

C

ND

5.4 ± 0.0

4.5 ± 0.1

4.0 ± 0.3

ND

ND

ND

ND

ND

ND

ND

CP

ND

5.4 ± 0.1

4.1 ± 0.2

2.8 ± 0.5

ND

ND

ND

ND

ND

ND

ND

P

ND

4.3 ± 0.1

2.7 ± 0.2

ND

ND

ND

ND

ND

ND

ND

ND

C

ND

2.1 ± 0.1

2.2 ± 0.3

ND

ND

ND

ND

ND

ND

ND

ND

L. innocua

S. cerevisiae

CP

ND

2.3 ± 0.3

2.3 ± 0.3

ND

ND

ND

ND

ND

ND

ND

ND

P

ND

2.1 ± 0.1

2.3 ± 0.2

ND

ND

ND

ND

ND

ND

ND

ND

a

Microbial numbers in rinsing water before wet laundering process.

b

Acidic formulation.

c

Bleach solution containing 100 ppm chlorine.
No colony was detected on plates from sample replicates (detection limit was 1 cfu/10 mL rinsing water).

d

the storage of contaminated laboratory coats in normal

result was observed in a previous study for the desiccation

working environments.

stability of S. cerevisiae, showing that it was lower than

Prior to the wet laundering process, a greater reduction

that of bacteria inoculated on to plastic and metal surfaces

in cell counts for S. cerevisiae on the fabric swatches after air

(Lee et al. a). A greater survival of all microorganisms

drying (Table 1), indicated that the attachment ability and

on the C and CP swatches after the drying process suggested

desiccation stability of the bacteria on the fabrics were

that the attachment of bacteria by the fabrics increased with

greater than that of S. cerevisiae in this study. A similar

increasing cotton contents and thickness, thus more cells
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had a chance to survive the drying time. A previous study

cells were detected in either washing solution or rinsing

also demonstrated that Staphylococcus aureus showed the

water after the wet laundering process with the acidic for-

strongest resistance against desiccation when attached to a

mulation (Tables 3 and 4). These results suggested that

cotton fabric (Hsieh & Merry ).

most microbial cells on the fabric swatches were inactivated

In our study, the wet laundering process (washing and rinW

by the activity of the bleaching agent in the acidic formu-

sing) at low washing temperature (23 C), without the use of

lation without dislodging the microbial cells during the

detergent (water only) was performed to properly evaluate

laundering process.

the effectiveness of bleaching solutions on the laundering pro-

In general, microorganisms are known to survive longer

cess. This approach was also taken in a hospital laundry study

on more hydrophobic fabrics (such as polyester) than on

carried out by Blaser et al. (). The study observed that there

cotton. This is because hydrophobic interactions have been

was no noticeable difference between low washing tempera-

known as major factors involved in causing microorganisms

W

W

ture (22 C) and high washing temperature (71 C) for the

to adhere to an underlying surface (Koziarz & Yamazaki

elimination of both Gram-negative and Gram-positive bacteria,

; Neely & Maley ). However, the results of our

whether a detergent was used or not in the laundering process.

study indicated that slightly higher numbers of the culturable

On the other hand, the use of bleaching agents in the laundry

microbial cells were attached to the cotton after the drying

process increases the reduction of bacteria on the fabric

step, and this could have been one of the main reasons why

materials. A recent study by Ohsaki et al. () showed that

these cells showed higher resistance to the mechanical force

bleach containing sodium hypochlorite or hydrogen peroxide

during the wet laundering process. S. cerevisiae showed a

as the bacteriocidal agent was a major contributor to bacterial

greater tolerance to wet laundering than the bacteria strains

reduction during a laundering process. In our study, the acidic

for all conditions (Table 2). Table 2 indicates that S. cerevisiae

formulation used was a non-oxidizing food-grade chemical for-

appeared to bind more strongly to the fabrics when compared

mulation. The advantage of the acidic formulation when

with the E. coli and L. innocua, although its desiccation stab-

compared with sodium hypochlorite or hydrogen peroxide is

ility was lower than that of the bacterial strains.

that it does not have high toxic residual potential and therefore

The maceration method has been commonly used to

will not irritate the skin, nor is it corrosive to the equipment,

count microbial numbers on fabric materials. However,

since the formulation contains a surfactant (SDBS) and a

the method does not recover all the microorganisms in the

non-oxidizing substance (citric acid) as active agents. It is

solution because only a part of the maceration liquid is

known that citric acid has antimicrobial activity due to its solu-

used for plating. In addition to this, there is no certainty

bility and pH-lowering ability (DiPersio et al. ). In addition,

that all the bacteria attached to the fabrics are released by

citric acid does not have a negative impact on the environment

the mechanical force of the blender. In our study, a different

since it rapidly degrades to carbon dioxide and water (Huang

approach was taken and the attached microorganisms on

et al. ). At the same time, previous reports have shown

the test fabrics were clearly enumerated before and after

that the acidic formulation has potent sanitizing properties

the wet laundering process, using the combination of the

that are comparable to those of sodium hypochlorite and

direct detecting and dilution methods.

hydrogen peroxide (Lee et al. a; Handojo et al. ).
Less than a 2 log cfu decrease in microbial count on the
fabrics after a wet laundering process without a bleaching

CONCLUSION

solution suggested that the reduction could only have been
attributed to a washing away of the un-attached or loosely

Our study demonstrated that decontamination efﬁcacy

attached microbial cells. The use of the >0.1% acidic formu-

against the test bacteria and yeast can be achieved after

lation in the washing process signiﬁcantly (P < 0.05)

the wet laundering process when it is combined with a mod-

increased the efﬁcacy of the wet laundering process for all

erate concentration of the food-grade acidic formulation in

samples (Table 2). In addition, except for the rinsing water

washing solution. This result could be used to help improve

from the 0.1% acidic formulation treatment, no culturable

the fabric washing for the food preparation and health-care
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industries and this would help to improve the use of microbiologically safe fabric coats and aprons. Future studies will
focus on challenging the acidic formulation with different
sanitizing hurdles in order to demonstrate its efﬁcacy
under various real life conditions.
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