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Antimicrobial effect of commercial play dough, safety or not?

Ticari oyun hamurlarinin antimikrobiyal etkisi, giivenli mi degil mi?
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Abstract

Toys have been used increasingly as an aid in the treatment of hospitalized children since the 1950s due to their positive
effect on child psychology. Play dough plays a role in children's reflection of their imagination and development of hand
skills. In addition to the educational properties of play dough, its chemical and biological safety is also critical. This work
investigated the antimicrobial effects of 40 different commercially available play doughs on various pathogenic
microorganisms. According to the obtained results 52.5% of play dough samples showed antimicrobial activity against
Bacillus licheniformis, 20% of play dough samples showed antimicrobial activity against Escherichia coli, 20% of play
dough samples showed antimicrobial activity against Pseudomonas aeruginosa, 12.5% of play dough samples showed
antimicrobial activity against Candida albicans and 7.5% play dough samples showed antimicrobial activity against
Staphylococcus aureus (MRSA). In the era of the spread of COVID-19, when antimicrobial toys for reducing microbial
load were evaluated, the antimicrobial activity of play dough was reported for the first time in this study.
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Oz

Oyuncaklar, ¢cocuk psikolojisi tizerindeki olumlu etkileri sayesinde 1950'li yillardan itibaren hastanede yatan ¢ocuklarin
tedavisinde yardimci olarak giin be giin artan bir sekilde kullamiImaktadir. Oyun hamuru ¢ocuklarin hayal giiclerini
yansitmalarinda ve el becerilerinin gelismesinde rol oynar. Oyun hamurunun egitici ozelliklerinin yani sira kimyasal ve
biyolojik giivenligi de olduk¢a onemlidir. Bu ¢calisma oyun hamurundaki tehlikeye dikkat cekmek amacuyla yapilmistir.
Bu c¢alismada, piyasada bulunan 40 farkli oyun hamurunun cesitli patojenik mikroorganizmalar iizerindeki
antimikrobiyal etkileri arastirilmistir. Elde edilen sonuglara gore oyun hamuru orneklerinin %52,5'i Bacillus
licheniformis'e karsi, %20’si Escherichia coli'ye karsi, %20'si Pseudomonas aeruginosa'va karsi antimikrobiyal aktivite
gosterirken, oyun hamuru orneklerinin %12.5'i Candida albicans'a karsi %7,5'i Staphylococcus aureus'a (MRSA) karst
antimikrobiyal aktivite gostermistir. COVID-19'un yayildigi bu ¢agda mikrobiyal yiikii azaltmaya yénelik antimikrobiyal
oyuncaklarin degerlendirildigi bu ¢aligsma ile oyun hamurunun antimikrobiyal aktivitesi ilk kez rapor edilmistir.
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1. Introduction
1. Giris

Comments that teddy bears, which have become
children's favorite, could be a source of
microorganisms, started in the 1970s. With the
increasing number of hospital infections, it is
reported that toys in the hands of children can also
be a source of infection in studies aimed at
detecting infection sources and minimizing
infection rates (Davies et al., 2000; Hughes et al.,
1986; Priiss-Ustiin & Corvalan, 2006; Randle &
Fleming, 2006). Play dough is both a game and an
educational tool for children. It is an old toy
preferred because it is cheap, flexible and simple to
use (Girolametto et al., 2000). Play dough not only
improves small muscle development, but also
improves children's creativity, and also supports
children's cognitive and emotional development. In
this way, children can relax and express themselves
more easily when they play with play dough
(Susanti & Trianingsih, 2017).

The safety of toys in terms of health is very
important. Children play together on non-sterile
floors and cause different pathogens to be
transmitted to their hands and mouths via their
hands (Ibfelt et al., 2015; Martinez-Bastidas et al.,
2014; Rogers et al., 2000; Torondel et al., 2015).
Sharing toys among hospitalized children increases
the risk of cross-contamination of microorganisms.
Toy contamination by germs from normal and
possibly  pathogenic  microbiota has been
established by several authors (Aleksejeva et al.,
2021; Lee et al., 2007). When surfaces are not
adequately cleaned and sterilized, some germs may
survive for hours, even weeks, and toys can act as
a disease reservoir (Mahl & Sadler, 1975). In a
study, it was reported that pediatric hospital toys
were contaminated with  Stenotrophomonas
maltophilia, Pseudomonas spp., Staphylococcus
spp., Enterococcus spp. and Bacillus spp., and
these contaminated toys caused nosocomial
infections in children (Ledwaba et al., 2019). In the
study of Bandyopadhyay et al. (2019)
microorganisms were isolated from children's
clothes and toys. According to this report, isolated
microorganisms were defined as Staphylococcus
aureus, Bacillus cereus and Escherichia coli
(Bandyopadhyay et al., 2019). Play dough must be
both nontoxic and microbially safe. Erbas et al.
(2017) reported that varied concentrations of heavy
metal content of play doughs. In another study by
Diilger et al. (2017) the bacteriological safety of
commercially sold play dough was evaluated.
According to the results of this study, two (20%)
out of ten companies were found to have no
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growth, while growth was found in all cultures of
the two companies included in the study (Diilger et
al., 2017).

In studies conducted in Turkey and around the
world, the microbial load in toys in playgrounds
(swimming pools, playgrounds, etc.) and toys used
in other different areas have been included in the
studies (Ayan et al., 2018; Chedid et al., 2020;
Diilger et al., 2017). However, the antimicrobial
effect of toys on microorganisms was not
mentioned. Also, according to our literature
knowledge, this is the first research to study the
antimicrobial potential in play dough samples that
children use.

2. Material and Method
2. Gereg ve Yontem

2.1. Material
2.1. Gereg

A total of 40 play dough belonging to 6 different
brands available in the market and sold
commercially were provided for antimicrobial
experiments. Brands are symbolized by the letters
B, A, R, I, S, G. There are play doughs in different
colors in the study. The letters symbolized next to
the brands show the color of the play dough. The
abbreviations of the colors are as follows:
Y=Yellow, O=Orange, W=White, R=Red,
B=Blue, G=Green, P=Pink,  PU=Purple,
GRY=Grey, BLC=Black, BR=Brown, LG=Light
Green.

Bacterial and fungal cultures were obtained from
Hacettepe University, Biotechnology Department
(Ankara, Turkey). All of the chemicals used in the
study were obtained from Sigma-Aldrich (Merck).

2.2. Method
2.2. Yontem

Mueller—Hinton agar and Sabouraud Dextrose
Agar (Merck) media were used to determine the
antimicrobial effect in the study. Play dough was
cut into antibiotic disc size (6 mm) under sterile
conditions. As bacteria, Bacillus licheniformis,
Staphylococcus aureus ATCC 43300 (MRSA),
Escherichia coli ATCC 35218, Pseudomonas
aeruginosa ATCC 27853 and as yeast Candida
albicans ATCC 10231 strains were used to
determine the antimicrobial effect. After the
microorganisms spread on the agar, the play dough
cut with a diameter of 6 mm was placed separately
on media such as antibiotic discs, and bacterial
cultures were allowed to grow at 37°C and yeast
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cultures at 30°C. Zone diameters were measured in
mm. All experiments were performed in 3
repetitions. The averages of these repetitions were
used in the calculation. Results were tabulated as
mean + standard deviation (SD).

Control groups were measured as Gentamicin (10
pg) (13.2 mm +0.07) for P. aeruginosa ATCC
27853, Bacitracin (10 units) (10.6 mm=+0.07) for E.
coli ATCC 35218, Amphotericin B (21.09
mm=0.07) for C. albicans ATCC 1023 (Kosarsoy
Agceli, 2022), Ceftriaxone (30 pg) (8.6 £0.08) for
MRSA (S. aureus ATCC 43300), Ampicillin
(AMP, 10 pg/disc) (19+0.07) for B. licheniformis.

3. Results and discussion
3. Bulgular ve tartisma

The antimicrobial effect of 40 play doughs of
different colors belonging to different companies
was measured on  various  pathogenic
microorganisms (Table 1 and Figure 1). In
commercial play dough, it was determined that
some brands showed antimicrobial effects against
many microorganisms used in the study, while in
others, no antimicrobial effect was determined
against any pathogen used in the study (Figure 2).

Table 1. Inhibition zone diameters of play dough on different pathogenic microorganisms (mm).
Tablo 1. Oyun hamurlarinin farkli patojen mikroorganizmalar iizerindeki zon ¢aplart (mm).

B lichenifornis S.aureus ATCC E.coliATCC P.aeruginosa C.albicans
43300 (MRSA) 35218 ATCC 27853 ATCC 10231

BY 17.80+0.76 0 0 0 0
BO 16.10£0.76 0 0 0 0

BW 20.67+1.52 0 0 0 8.17+2.02
BR 18+2.00 0 0 0 0
BB 15+1.32 0 0 0 0
BG 16+1.00 0 0 0 0

AG 12.70+0.58 14.30+0.58 10.30+0.58 0 14.30+1.15

AB 0 15.20+0.30 0 0 15.542.18

AY 15.70£1.15 0 0 16.83+0.77 16.67+2.90

AR 14.83+0.80 0 0 0 14.67+1.40
RR 15.50+0.90 0 0 0 0
RO 18.17+0.80 0 0 0 0
RB 14.17+2.70 10.00£1.00 10.83%1.00 10.67+0.60 0
RP 14.00£1.00 0 0 0 0
RG 0 0 0 0 0
RY 0 0 0 0 0
1G 0 0 0 0 0
IGRY 0 0 0 0 0
IPU 10.50+0.87 0 0 0 0
IBLC 0 0 0 0 0
1Y 0 0 0 0 0
IBR 0 0 0 0 0
1B 13.20+1.61 0 0 0 0
ILG 0 0 0 0 0
IR 0 0 0 0 0
W 9.50+0.50 0 0 0 0
10 0 0 0 0 0
IP 0 0 0 0 0
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Table 1. Continuing
Tablo 1. Devam

SY 0 0 14.67+£2.10 6.70+1.10 0
SR 10.67+1.10 0 12.30+1.10 10.67+1.10 0
SB 11.80+1.00 0 11+1.00 10.30+0.60 0
SPUR 10.67+0.60 0 11.67+1.50 9.67+0.60 0
SG 10.67+1.10 0 14.67+0.60 12.67+0.60 0
SP 10.30+0.60 0 16.67+£2.5 13.67+0.60 0
GY 0 0 0 0 0
GW 0 0 0 0 0
GBLC 0 0 0 0 0
GG 0 0 0 0 0
GR 0 0 0 0 0
GB 0 0 0 0 0
60
50
E
£ 40
g
“5’30
©
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]
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Figure 1. Graphical representation of antimicrobial zone diameters in play doughs.
Sekil 1. Oyun hamurlarimin antimikrobiyal ¢caplarinin grafiksel gosterimi.

B. licheniformis is an endospore-forming Gram
positive microorganism and it can be easily
isolated from plant and soil samples. Although it is
considered a nonpathogenic species due to its lack
of invasive properties, toxin production, foodborne
diarrhea, bovine abotus and infant mortality have
been reported in different studies (Banerjee et al.,
2007; Nieminen et al., 2007; Salkinoja-Salonen et
al., 1999; Sayem et al., 2011; Vinoj et al., 2014).
Diilger et al. (2017) reported that 51 (33%) B.
licheniformis and 104 (67%) B. cereus of all
Bacillus genus grown in play dough prepared in the
pre-play period. Similarly, In the present study, 21
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of 40 (52.5%) different play dough samples
showed antimicrobial activity against B.
licheniformis.

S. aureus is a leading cause of both community-
associated and health care-associated invasive
infections in children (Custovic et al., 2021).
MRSA has long been a important problem in
hospitals, dialysis centers and nursing homes
where it infects the wounds of patients weakened
by disease or injury (Wong et al., 2016). In this
study, only 3 of 40 (7.5%) play dough samples
showed antimicrobial activity against MRSA.
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Figure 2. a) Antimicrobial effect of SP play dough sample on P. aeruginosa. b) Antimicrobial effect of AB
play dough sample on MRSA. c¢) Antimicrobial effect of BY play dough sample on B. licheniformis. d)
Antimicrobial effect of AR play dough sample on C. albicans. e) Play dough sample coded SPUR without
antimicrobial effect on MRSA. f) Play dough sample coded IW without antimicrobial effect on E.coli.

Sekil 2. a) SP kodlu oyun hamuru érneginin P. aeruginosa iizerindeki antimikrobiyal etkisi. b) AB kodlu oyun
hamuru 6rneginin MRSA tizerindeki antimikrobiyal etkisi. C) BY kodlu oyun hamuru 6rneginin B. licheniformis
tizerindeki antimikrobiyal etkisi. d) AR kodlu oyun hamuru érneginin C. albicans iizerindeki antimikrobiyal
etkisi. €) MRSA iizerinde antimikrobiyal etkisi olmayan SPUR kodlu oyun hamuru ornegi. ) E. coli iizerinde
antimikrobiyal etkisi olmayan IW kodlu oyun hamuru ornegi.

E. coli is a gram negative microorganism that is a
member of the normal flora commonly found in the
human intestine (Moreno et al., 2009). Some
strains of E.coli are disease-causing due to
contaminated food, contaminated water, contact
with infected animals or lack of hygiene. E.coli
infections can cause bloody diarrhea, leading to
severe health problems (Ochoa & Contreras, 2011).
In this study, 8 of 40 (20%) play dough samples
showed antimicrobial activity against E. coli.

P. aeruginosa is a gram negative and non-
fermenting microorganism. It is often resistant to
antibiotics and causes severe nosocomial
infections, especially in immunocompromised
patients (Pilmis et al., 2020). Bath toys were
identified as a likely source of multi-drug resistant
P. aerugionsa cultures which are commonly linked
with nosocomial infection in pediatric oncology
departments (Buttery et al., 1998). In this study, 8
of 40 (20%) play dough samples showed
antimicrobial activity against P. aeruginosa. It was
observed that only one company was effective
against P. aeruginosa in all play doughs.
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C. albicans can be found in the normal flora of 50%
of the population, especially in the gastrointestinal,
oropharyngeal cavity and vagina (Talapko et al.,
2021). However different factors (environmental,
nutritional, etc.) cause disruptions in the normal
homeostasis of Candida, causing a transition from
normal flora to pathogenic and opportunistic
infections (Mukaremera et al., 2017). C. albicans
is responsible for about 70% of fungal infections
worldwide and the most common causative agent
of mucosal infections and systemic infection
(Basmaciyan et al., 2019; Chen et al., 2020; Morad
et al., 2018). In this study, 5 of 40 (12.5%) play
dough samples showed antimicrobial activity
against C. albicans.

Results of the study it is observed that when
compared with the control group antibiotics, AY
and SP coded play doughs showed higher
inhibition than Gentamicin (10 pg) antibiotic on P.
aeruginosa. BW coded play dough showed higher
antimicrobial effect than Ampicillin (AMP, 10
pg/disc) on B. licheniformis. The antimicrobial
effect of play dough on MRSA is limited to only 3



Kosarsoy Ag¢eli | GUFBD / GUJS 12(4) (2022) 1180-1187

in 40 samples. However, inhibition zones on
MRSA of all AG, AB, RB coded play doughs with
this antimicrobial effect are higher than
Ceftriaxone (30 pg) antibiotic. All of the SY, SR,
SB, SPUR, SG and SP coded play dough samples
belonging to the S company and the other RB
coded play dough sample had a higher zone
inhibition diameter on E. coli than the zone
inhibition diameter given by the Bacitracin (10
units) antibiotic. The antimicrobial effect of all
play dough samples on C. albicans is lower than
the control group Amphotericin B antibiotic.

Antimicrobial zone diameter was not detected in 17
of 40 play dough used in the study. In addition, the
contents of commercially purchased play dough
(salt, chemicals, dyes, etc.) may have affected the
antimicrobial zones. When the colors of the play
doughs were evaluated, the antimicrobial effect of
play doughs of different brands with the same color
varied. It is thought that this is due to different
dyestuffs.

4. Conclusions
4. Sonucglar

The place of toys in the world of children
undoubtedly occupies a crucial place. Toys should
not be seen as just an accessory. Toys not only
educate children, but also psychologically heal
them. Considering the positive effects that children
who receive treatment in hospitals have gained
with toys, it makes it inevitable for toys to be
microbially safe. Studies show that the microbial
load in toys cannot be ignored. Play dough is one
of the most simple but effective toys that reflect the
imagination of children. Today, play dough is an
indispensable educational material especially for
preschool children. The importance of hygiene is
indisputable for these young children whose
immune system is not fully established yet. Play
dough is a play material that can be played alone as
well as shared with groups of friends. Playing and
sharing toys by healthy and sick children may
cause microorganisms to be transmitted by hand
and mouth. It is necessary to be more careful about
using play dough, which allows the reproduction of
microorganisms that can cause many different
health problems. It is very risky for sick children to
play with the same play dough as healthy children.
The presence of the phrase "edible™ in many play
doughs can be effective in the transmission of
diseases with non-antimicrobial play dough. These
can be made safer by adding natural antimicrobial
substances to play dough. Reducing the microbial
load of toys naturally and keeping pathogenic
microorganisms under control is very important for
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children's immune systems. In the era of the spread
of COVID-19, studies on the antimicrobial activity
of different toys on microorganisms are expected
to intensify. This study draws attention to the fact
that more studies should be done on the
antimicrobial activities of play dough, which is a
"shareable" toy.
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