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Hygiene in Commercial Dishwashing –
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Abstract: The current state of knowledge about hygiene (effi-
cacy testing) in commercial dishwashers will be collated in this
review. Therefore, studies about hygiene in commercial dish-
washing are summarised and existing standards, guidelines
and the legislative basis described. Finally, examples of informa-
tion available from the market, for example, detergents are pre-
sented. The use of bioindicators contaminated with bovine albu-
min, mucin, corn starch and Enterococcus faecium is widely
established in studies, which was the basis for the introduction
of standards. Standards prescribe minimum temperatures for
cleaning and rinsing, and most of them provide microbiological
testing methods. A worldwide standardized test method for hy-
giene in commercial dishwashers would guarantee the compar-
ability of country-specific standards but procedures currently
available would need great efforts to be unified. A definition of
a specified hygiene target level on cleaned dish items would
also be meaningful because a harmless level of microorganisms
can be achieved with it regardless of the initial microbial count
or the process used.

Keywords: hygienic efficacy, commercial dishwashing, ware-
washer, microbial reduction, Enterococcus faecium

Hygiene im gewerblichen Geschirrspülen – Ein Überblick
über den Stand des Wissens in Forschung, Normung, Regu-
lierung und Marktinformation.

Zusammenfassung: Der aktuelle Wissensstand zur Hygiene
(Effizienzprüfung) im gewerblichen Geschirrspülen soll in die-
sem Übersichtsbeitrag dargestellt werden. Dazu werden Studien
zur Hygiene im gewerblichen Geschirrspülen zusammengefasst,
bestehende Normen und Richtlinien sowie die gesetzlichen
Grundlagen beschrieben. Abschließend werden Beispiele für
verfügbare Marktinformationen von z. B. Reiniger vorgestellt.
Die Verwendung von Bioindikatoren, die mit Rinderalbumin,
Mucin, Maisstärke sowie Enterococcus faecium kontaminiert
sind, ist durch Studien weithin etabliert und bildete die Grund-
lage für einige Normen. Die Normen schreiben Mindesttempe-
raturen für die Reinigung und Klarspülung vor sowie meist auch
mikrobiologische Testmethoden. Ein weltweit standardisiertes
Testverfahren zur Überprüfung der Hygiene bei gewerblichen
Geschirrspülmaschinen würde die Vergleichbarkeit innerhalb

der länderspezifischen Normen gewährleisten, jedoch müssten
die derzeit verfügbaren Verfahren mit hohem Aufwand verein-
heitlicht werden. Sinnvoll wäre auch die Definition eines festge-
legten Hygienezielniveaus auf gereinigtem Spülgut, da damit
unabhängig von der Ausgangskeimzahl und dem verwendeten
Verfahren ein unbedenkliches Niveau an Mikroorganismen er-
reicht werden kann.

Stichwörter: Hygieneeffizienz, gewerbliches Geschirrspülen,
Spülmaschine, Keimreduktion, Enterococcus faecium

1 Introduction

Hygiene is important in all areas of daily life, particularly in
commercial dishwashing since a wide range of consumers is
affected. Every gastronomic establishment and kitchen for
community catering, such as restaurants, canteens, nursing
homes, kindergartens and hospitals, or caterers use com-
mercial dishwashers [1]. Each consumer is entitled to have
hygienically clean dishes and cutlery [2]. In this context,
dishwashing is one important means to prevent the spread
of potential pathogenic microorganisms that can be present
on dishes and cutlery and to break the chain of infection [3].
This is especially important considering the changing gener-
al conditions, such as the increasing number of vulnerable
people (YOPI = young, old, pregnant, immunocompro-
mised), and the appearance of more antibiotic resistances
or new infections and strains [4], such as the currently ram-
pant coronavirus (SARS-CoV-2) that has caused a pandemic
starting in Wuhan (China) in 2019 [5].

The principles of hygiene procedures are common to all;
however, approaches currently used in different settings are
inconsistent. Therefore, Bloomfield et al. [6] proposed an
unified framework for developing, standardizing and com-
paring the efficacy of hygiene procedures which can be used
in any type of setting and applied to any type of surface or
item. It will ensure a consistent hygiene target level regard-
less of the procedure used. This approach proposes a hierar-
chy for testing hygiene procedures by the means of four sub-
sequent stages (Table 1).

The first two stages will ensure the antimicrobial efficacy
of the products in suspension and surface tests to guarantee
the proof of principle. Stage 3 demonstrates that the hygiene
procedure (combining the product and the application pro-
cess of the product) can achieve a specified hygiene target
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level under practical conditions of use. Thereby, the fitness
of purpose will be ensured. Stage 4 is the criterion standard,
where the clinical impact of the antimicrobial efficacy will
be proven as reduced infection rates in intervention studies.
Moreover, a consistent terminology for describing the hy-
giene efficacy (i. e. hygienically clean) will help to standar-
dize the communication [6].

This review covers various types of commercial dish-
washers; an overview is presented in Table 2. The different
types of commercial dishwashers are generally used accord-
ing to the cleaning capacity needs of the customers. Under-
counter water-change and undercounter one-tank dish-
washers are manually loaded programme automats with
water-change operation or one-tank and glasswashers.
Hood-type dishwashers apply to customers that have a capa-
city need between that of typical front-load dishwashers and
conveyor-type dishwashers. When larger or more irregular
dishwashing needs (e. g. large pots or pans) are desired, the
utensil or pot dishwasher is the best solution. Finally, one-
tank or multi-tank conveyor-type dishwashers are used in
large restaurants or institutional cafeteria with a high-capa-
city cleaning demand [7].

2 Scientific basis for the development of hygiene
requirements in commercial dishwashing

A test for checking the hygienic efficacy of commercial dish-
washers has been demanded for many years. The German
working group \Food Hygiene," within the DIN standardi-
zation committee for foodstuffs and agricultural products
NAL, was founded in 1989 to establish general regulations
for the hygienic use of dishwashers and develop test meth-
ods for the microbiological control of these systems. Sonn-
tag et al. [10] tested 70 multi-tank conveyor-type dishwashers
in a ring trial to collect basic data. Microbiological testing
was performed by contact sampling of the surface of dishes

and by sampling of the cleaning solution in the last tank be-
fore rinsing. The surface checks of the dishes showed that
the number of highly contaminated items is significantly
higher when using low temperatures and a low chlorine
amount in the detergent. Gram-negative bacteria did not
survive a temperature of 60 8C for more than 2 min in an al-
kaline cleaning solution. Moreover, no E. coli or coliforms
were found. This test method demonstrates clearly the im-
pact of temperature and chlorine on the microbial inactiva-
tion: A water temperature > 60 8C and a chlorine content
> 10 ppm achieved the highest reduction with an average
microbial count of 10 colony-forming units (cfu) per mL.
The results confirmed that contact plates could only be used
as a rough estimate, but the investigation of the cleaning so-
lution gives representative results. Therefore, the combina-
tion of surface plating of cleaned dishes and microbiological
control of the cleaning solution allows a valid evaluation of
the efficacy of the dishwashing process. It was recom-
mended to achieve a minimum water temperature of 60 8C
and a chlorine concentration about 10 ppm for an acceptable
microbiological-hygienic standard of multi-tank conveyor-
type dishwashers [10].

Based on these results, Hçller et al. [11] aimed to validate
the findings with specific re-examinations in multi-tank con-
veyor-type dishwashers. It was confirmed that contact plates
could only serve as a rough estimate of the hygienic condi-
tion since even significant influences of temperature, time
and chlorine concentration were not reflected. However, the
total bacterial counts measured in the last cleaning solution
prior to the final rinsing zone reflect clearly the impact of
parameters, as to be expected, from the first ring trial [11].
Long contact times may enhance the microbial reduction
on dishes at medium and high temperatures since an elon-
gation of time in the cleaning solution will improve the de-
composition and mechanical removal of food particles and,
thereby, microorganisms. Nevertheless, long contact times

Dishwasher
type

Undercounter
water-change
dishwasher

Undercounter
one-tank dish-

washer

Hood-type
dishwasher

Utensil or pot
dishwasher

One-tank con-
veyor-type
dishwasher

Multi-tank con-
veyor-type
dishwasher

Water supply water-change
operation

tank system/
one-tank

tank system/
one-tank

tank system/
one-tank

tank system/
one-tank

tank system/
multi-tank

Type of
washware to
be cleaned

dishes, glasses,
cutlery, pots and

pans, utensils

mainly plates,
glasses, cups,

cutlery

mainly plates,
glasses, cups,

cutlery

black cookware,
large utensils

mainly plates,
glasses, cups,
cutlery, trays

mainly plates,
glasses, cups,
cutlery, trays

Capacity
needs/Area of

application
low

medium/
commercial
restaurants

medium/
larger or

irregular needs

high/large restaurants or institutional
cafeterias

Table 2 Overview of different types of commercial dishwashers [7].

Stage 1 Establish antimicrobial efficacy of products in suspension tests
Proof of principle

Stage 2 Establish antimicrobial efficacy of products in surface tests

Stage 3 Demonstrate hygiene procedure (product + process) delivers specified safety target levels on
surfaces, under conditions of use (fitness of purpose)

Fitness of purpose

Stage 4 Demonstrate reduced infection rates through clinical intervention studies, or quantitative mi-
crobiological risk assessments in non-healthcare settings (clinical impact)

Clinical impact

Table 1 Hierarchy for hygiene procedure testing according to Bloomfield et al. [6].
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cannot fully replace a chemical inactivation of microorgan-
isms, especially at lower temperatures. The recommended
value of 100 cfu/mL in cleaning solutions can be postulated
based on the results of both ring trials. Suitable germ car-
riers (i. e. bioindicators) that mirror the influence of all ma-
jor parameters influencing the microbial reduction could be
used additionally for hygienic acceptance testing or specific
investigations [11].

Therefore, a third part of the ring trial was conducted with
bioindicators to assess the hygienic efficacy in different
parts of the multi-tank conveyor-type dishwashers. The ob-
jective of Kr�ger et al. [12] was to establish suitable bioindi-
cators with a corresponding test contamination and defini-
tion of the worst-case position in the dishwasher. E. faecium
ATCC 6057 was used as a test strain since it is particularly
resistant to temperatures up to 70 8C and chemicals. The mi-
crobial reduction caused by the dishwashing process was
highly correlated to the roughness of the bioindicators.
Moreover, the drying time had a crucial influence on the
mechanical removal of microorganisms; the longer the soil-
ing could dry on the items, the more difficult it was to re-
move. The most satisfactory bioindicators are stainless steel
items (80 grade) contaminated with BAMS (0.6% beef albu-
min, 1 % mucin, 3% maize starch) and > 107 cfu E. faecium
ATCC 6057, dried up at 20 8C to 22 8C and 50% to 75%
relative humidity. These bioindicators are able to achieve a
5-log10 reduction and can show hygiene deficiencies in the
dishwashing process. Spraying shadows resulted in a re-
duced removal of soil and microorganisms, therefore, tests
in the cutlery rack (considered as worst-case) are recom-
mended [12].

The data of the ring trials [10– 12] were used to publish
the draft DIN 10510 \Food Hygiene; Commercial Dish-
washers with Multiple Tank Conveyor Belt Dishwashing
Machines; Hygienic Requirements, Testing" in 1995. In
this draft, bioindicators, serving as a model for cutlery for
process validation, are contaminated with BAMS and E.
faecium ATCC 6057, as proposed by Kr�ger et al. [12]. Tem-
perature and contact time were identified as crucial param-
eters influencing the microbial inactivation in a dishwash-
ing cycle. As an orientation, contact samples resulting in
> 5 cfu/10 cm2 indicate a lack of hygiene. The requirement
arising from tests with bioindicators is that at least eight
bioindicators need to reach a 5-log10 reduction. An approxi-
mate value of 200 cfu/mL and an alarm value of 500 cfu/mL
were set as a total microbial count in the cleaning solution
of multi-tank conveyor-type dishwashers. High numbers of
yeasts, fungi and spore-forming microorganisms, micro-
cocci and staphylococci could be found below 60 8C. A hy-
gienically clean result can be achieved with good pre-clean-
ing, temperatures > 60 8C for 2 min in one of the cleaning
tanks (or 10 ppm chlorine in the detergent at temperatures
< 60 8C), sufficient fresh water renewal and an effective use
of a detergent [13].

Next to dishes and cutlery, drinking glasses are subject to
transmission of microorganisms from mouth to mouth.
Therefore, Kr�ger and Zschaler [2] aimed to build a scien-
tific basis for the standard development of glass washing
machines (DIN 10511). Methods for microbiological test-
ing were adopted for the most part from DIN 10510 for
multi-tank conveyor-type dishwashers. However, in con-
trast to the use of bioindicators with BAMS and E. faecium,

special methods were developed for testing the microbial
reduction on glasses in glass washing machines with one
tank and freshwater rinse. The standardized beaker glass
and wine tasting glass were used as test glasses. Drinking
cacao, beer wort suspension, UHT milk and reconstituted
skimmed milk were also tested in addition to BAMS as test
soiling media. The milk appeared to be suitable since a
high backlog quantity in the glasses could be realised,
which reflects the realistic condition of drinking glasses. A
cleaning temperature of 50 8C in the presence of detergent
without active chlorine resulted in a significantly lower re-
duction compared to higher temperatures or the use of de-
tergent with active chlorine. Concerning practical condi-
tions, a temperature of 55 8C in the short programme with
only 1.5 g/L detergent achieved a 5-log10 reduction even at
5 h drying time in the beaker glass. The results of the wine
tasting glass showed an even higher reduction at 2 h dry-
ing. The form of the glasses is a difficulty since it has a sig-
nificant influence on the microbial inactivation and me-
chanical removal, for example, narrow-necked glasses
show low reductions. The milk soiling was defined as
worst-case soiling. However, the BAMS soiling showed a
high persistence due to the starch component and could
only be reduced sufficiently at 65 8C. High-risk areas, such
as hospitals, which might be confronted with a starchy soil-
ing (i. e. oat meal residues) can make use of higher tem-
peratures, longer contact times and a detergent containing
active chlorine to get hygienically clean glasses. It is gener-
ally recommended to clean the drinking glasses in the
dishwasher. [2]

Kerschgens et al. [15] aimed to check whether a non-
pathogenic germ with similar sensitivity to temperature
and time could replace the potential pathogenic test strain
E. faecium of DIN SPEC 10534, the pre-standard summaris-
ing standards for testing the hygienic efficacy of different
types of commercial tank dishwashers. Moreover, it should
be evaluated whether the hygienic efficacy of water-change
dishwashers could also be tested according to DIN SPEC
10534 [25]. Experiments in an undercounter one-tank dish-
washer aimed to evaluate the influence of different combi-
nations of temperatures (45 8C, 55 8C and 65 8C) and holding
times (60 s, 120 s and 180 s) in the cleaning process on the
microbial reduction. Higher temperatures and longer hold-
ing times led to a significantly higher reduction. An increase
of temperature of 10 K had a significant effect on the reduc-
tion when testing the same holding time. Tests in a water-
change dishwasher were performed using the short pro-
gramme with different combinations of holding times (60 s,
90 s and 120 s), and cleaning and rinsing temperatures
(30 8C, 45 8C, 55 8C and 65 8C). The hygienic efficacy generally
changed if the temperature and holding time of the cleaning
and rinsing processes were varied. An increase of tempera-
ture and holding time led to a higher reduction and an in-
crease of cleaning temperature has a greater antimicrobial ef-
fect compared to the same rinsing temperature. Test runs
with a cleaning temperature of 55 8C and 65 8C showed an ap-
propriate hygiene efficacy. Furthermore, a rinsing tempera-
ture of 55 8C for 120 s and 65 8C for 60 s achieved a hygieni-
cally clean result. The initial investigation of this study
identified M. luteus as an appropriate test strain to replace
E. faecium, especially in studies with undercounter one-tank
dishwashers [15].

S. S. Struchtrup et al.: Hygiene in Commercial Dishwashing

322 Tenside Surf. Det. 58 (2021) 5



Further studies [1, 16] were carried out with M. luteus be-
cause the use of Biosafety level 1 microorganisms is espe-
cially advantageous since every microbiological laboratory
and laboratory for dishwashing efficacy testing can carry
out tests. The aim of Klapper et al. [1] was to verify the suit-
ability of selected M. luteus strains as test strains for hygiene
tests in commercial dishwashers by checking its heat resis-
tance in comparison to E. faecium and conducting tests with
bioindicators in a water-change dishwasher. The heat resis-
tance tests showed that M. luteus DSM 28269 has a lower
thermostability than M. luteus DSM 1790. The strain DSM
1790 showed similar results compared to the established
E. faecium. Growth was verifiable at temperatures between
45 8C and 70 8C in both cases. The hygiene tests in the dish-
washer showed that a clear reduction has been achieved in
the short and the intensive programme for all strains tested.
Klapper et al. [1] concluded that M. luteus DSM 1790 is an
optimal alternative for hygiene testing since it has a heat re-
sistance correlating with the one of E. faecium. However, the
results are only valid for investigations in the lower basket of
a water-change dishwasher since possible effects that might
occur in the upper basket are not considered. Thus, it is ne-
cessary to develop a general method for testing water-change
and tank dishwashers [1].

Zinn et al. [16] performed a study in 2018 to develop a test
method for commercial dishwashers operating on the fresh
water principle. The test soiling BAMS of DIN SPEC 10534
do not appear to be recommendable for commercial dish-
washers operating on the water-change system due to their
inappropriate adhesion to stainless steel bioindicators.
Therefore, oat flakes, as a new test soiling medium, in com-
bination with M. luteus DSM 1790 were applied on test
plates using a template and tested in a water-change dish-
washer. Utilising this test method, Zinn et al. [16] have
achieved a differentiation in the microbial reduction of the
dishwashing process. Detergent containing bleach (sodium
hypochlorite) caused a higher microbial inactivation com-
pared to the reference detergent (bleach-free). The intensive
programme achieved a higher reduction than the short pro-
gramme and the reduction in the upper basket was higher
compared to the lower basket. It was discussed that the
higher number of water changes, an increased mechanical
action and a longer programme duration compared to the
short programme caused the high mechanical removal of
microorganisms in the intensive programme. The 5-log10 re-
duction required by DIN SPEC 10534 has been met with the
oat flake carrier for the intensive programme but was barely
met by the short programme. Overall, the oat flake soil is
a known test soil from the internationally established
IEC 60436, easy to produce and difficult to remove from test
items and, thus, suitable to produce differentiating results
in combination with M. luteus DSM 1790 in water-change
dishwashers [16].

An Italian study by Nicolella et al. [14] aimed to investigate
the thermal sanitization of food contact surfaces in a com-
mercial pilot tank dishwasher in order to establish the rela-
tionship between operation conditions and sanitization effi-
cacy. Thereby, the optimal operating conditions in
combination with a minimum demand of energy and water
in the dishwasher should be achieved. The reduction of
E. coli (106 cfu/mL) inoculated on clean glass surfaces was
evaluated under different conditions of temperature and

duration of the dishwashing cycles. The complete washing
and rinsing cycle should deliver a minimum heat load of
3600 HUEs (heat unit equivalents) to the food contact sur-
face to guarantee thermal sanitizing according to the Amer-
ican National Standard NSF/ANSI 3 [17]. The HUEs value
required was not achieved in a dishwashing cycle operated
under typical conditions of use (washing at 55 8C for 40 s
and rinsing at 85 8C for 15 s). The conditions that corre-
spond to 3600 HUEs ensure a microbial reduction much
higher than the 5-log10 reduction required for chemical sani-
tizing according to NSF/ANSI 3. The microbial reduction
(i. e. mechanical removal) was increased significantly with
increasing water volume in the rinsing cycle, whereas the
temperature of the rinsing only has a small influence on
the microbial reduction. Thus, Nicolella et al. [14] concluded
that the reduction was mainly caused by the mechanical re-
moval of microorganisms from water spray jets rather than
temperature. Thermal inactivation alone is not sufficient to
reduce the microbial count under typical conditions (tem-
perature, time) in commercial dishwashing. Dishwashing
cycles may generally achieve a sufficient sanitizing efficacy
even at lower temperatures (45 8C) when a high volume of
water is sprayed onto the food contact surfaces during the
rinsing phase, i. e. after all the soil and dirt have been re-
moved [14].

The A0 concept has been introduced as a mathematical
concept for the calculation of the thermal disinfection effi-
cacy in order to save time, money and resources in health-
care facilities. Thus, the microbial reduction is no longer
measured, but the physical energy expended (time-tempera-
ture combinations) to show whether a disinfection process is
successful or not. The A0 concept was first published in EN
ISO 15883 in 2005 for the sterilization of healthcare pro-
ducts in washer-disinfectors. The intended application of
the EN ISO 15883 is the cleaning and disinfection of reusa-
ble medical devices and other articles used in medical, den-
tal, pharmaceutical and veterinary practice. The A0 concept
can also be applied in the special case where crockery and
cutlery are to be disinfected in order to use them for immu-
nologically compromised patients. The A0 value is the equiv-
alent time in seconds at 80 8C when using a z-value of 10 8C.
However, this concept was confronted with criticism from a
mathematical and microbiological point of view. The main
criticism is that the A0 concept was adopted from the F0 con-
cept without experimental validation. However, the F0 con-
cept was developed for sterilisation processes with tempera-
tures above 115 8C, whereas the A0 concept is valid for
temperatures between 65 8C and 95 8C. Furthermore, a gen-
erally valid z-value of 10 8C does not exist, as it is microor-
ganism-specific. Therefore, Buchrieser [8] aimed to evaluate
the microbiological validity of the A0 concept and the recom-
mendations of A0 values given by the Austrian Society for
Sterile Supply (�GSV). Different time-temperature combi-
nations resulting in the same A0 value achieved differences
in the reduction of E. faecium ATCC 6057 up to 7.9 log10
steps. The microbial reduction at lower temperatures and
longer exposure times was never as effective as the reduc-
tion at higher temperatures and shorter exposure times.
The A0 value of 30 s, for instance, recommended by the
�GSV for the disinfection of dishes seems to be sufficient
only at temperatures above 80 8C. The recommended A0 of
60 s for the disinfection of bedpans was evaluated as too
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low since the reduction of a high number of heat resistant
enterococci from human stool has to be guaranteed in this
setting. Buchrieser [8] concluded that the reduction of E. fae-
cium cannot be described with the A0 concept as it has been
experimentally proven. Only A0 values ‡ 180 s and tempera-
tures ‡ 75 8C can achieve an efficient and satisfactory disin-
fection efficacy with a sufficient safety margin [8].

Another study by McCormick et al. [9] also intended to
verify the A0 concept. It presents recent data on thermal dis-
infection of a range of planktonic microorganisms and
mixed culture biofilms for A0 values of 60 s, 600 s and
3000 s. None of the microorganisms tested reached in-
creased levels of heat resistance with a ‡ 6-log10 reduction
at A0 values of 600 and 3000 s. All microorganisms tested
at A0 values of 60 s were considerably inactivated, except
the environmental isolate of M. luteus which showed only a
‡ 2-log10 reduction. However, this result for M. luteus was
not that surprisingly since it has been reported to be rela-
tively thermo-tolerant. Similar results of thermo-resistance
have been reported for Enterococcus and Enterobacteriaceae.
Biofilm testing showed that biofilm formation did not sub-
stantially change the susceptibility of the microorganisms
towards heat. All in all, McCormick et al. [9] concluded that
the A0 concept should be more widely applied to verify the
efficacy of most heat disinfection in washer-disinfectors
and other applications. The minimum temperature for the
application should be increased to at least 70 8C or 75 8C to
take the inactivation of thermo-resistant bacteria and viruses
into account [9].

3 Overview of standards specifying hygiene requirements
for commercial dishwashing

The American standard NSF/ANSI 3 [17] (Commercial
Warewashing Equipment) aims to establish minimum pub-
lic health and sanitation requirements for the materials, de-
sign, construction and performance of commercial dish-
washers. The performance tests are subdivided into soil
removal tests and sanitization efficacy tests. The soil re-
moval tests differ depending on the intended use of the
dishwasher. The cleaning efficacy of a dry coating of butter-
milk (1% milk-fat) from the surfaces of dinner plates and
glasses should be evaluated after cleaning in normal dish-
washers and glass washing machines. Surfaces of plates
and glasses should be free of visible soil and detergent.
However, the test soiling for pot, pan and utensil washing
machines consists of pie filling. The machines should have
the ability to remove a baked coating of pie filling (that con-
tains corn starch) from the surfaces of cookware [17]. The
test method for sanitization efficacy tests differentiates be-
tween dishwashers that sanitize by hot water or chemical so-
lutions. Hot water sanitizing dishwashers should reach a
minimum of 3600 HUEs at the surface of dishes or pots,
pans and utensils. All data points for a temperature ‡ 62 8C
are used to calculate the total HUE value. Chemical sanitiz-
ing machines must achieve a 99.999% reduction (‡ 5-log10
reduction) of relevant microorganisms on the surface of
dishes in the sanitizing portion of the dishwashing cycle.
The interior and lip of milk glasses or hotel pans and stock
pots are inoculated with a test suspension of ‡ 106 cfu/mL
E. coli ATCC 11229. Taken together, 105 glasses from 21 sec-
tions need to be investigated, whereas 12 pans and 3 pots

need to be sampled for pot, pan and utensil washing ma-
chines [17].

The Australian Standard 4674 [18] was established in 2004
to provide standardized criteria for the hygienic design, con-
struction and fit-out of food premises for the food industry,
the construction industry and governments across Australia.
Requirements for dishwashers and glasswashers are defined
in Section 4. Dishwashers and glasswashers should be cap-
able of washing and rinsing in one continuous operation.
When hot water is used to sanitize, the dish-/glasswasher
should only operate on the sanitizing cycle when the sanitiz-
ing water temperature is reached. Furthermore, no brushes
are allowed in glasswashers for sanitizing. The temperature
of the water used in the sanitizing rinse cycle combined
with the time the utensils are rinsed at this temperature
should be sufficient to ensure a sanitization of utensils.
Here, the standard refers to the requirements given by AS
2945 for batch-type washer/disinfectors for healthcare facil-
ities: utensils should undergo a sanitizing rinse at 80 8C for
2 min, 75 8C for 10 min or 70 8C for 15 min. When chemi-
cals are used in dish or glass washing, it has to be ensured
that the design of the machine allows the use of chemical
sanitizers and the rinsing is able to wash off all chemical re-
sidues [18].

The Chinese GB 14934 [19] \National Food Safety Stan-
dard" specifies hygienic requirements for the disinfection of
dinner and drinking sets. This standard gives technical re-
quirements regarding sensory, physical and chemical residues
and limits for microorganisms on dinner and drinking sets
and provides sampling methods. The residual quantity of de-
contamination agents, such as chlorine (£ 0.03 mg/100 cm2)
or anionic synthetic detergent (not detectable), are only appli-
cable for chemical disinfection [19].

The microbiological limits have to be determined for coli-
form bacteria and Salmonella. No microorganisms must be
detectable on 50 cm2. Two different sampling methods are
provided to detect possible bacterial residues – the fermenta-
tion method and the paper scrap method. The sampling ac-
cording to the fermentation method is used for the detection
of coliform bacteria and Salmonella on chop-sticks and other
dinner and drinking sets. For sampling, five chop-sticks
(50 cm2) are sampled using moistened cotton swabs. Other
dinner and drinking sets are sampled in a total area of
50 cm2 also with filter papers or cotton swabs. The sampling
for coliforms with the paper scrap method works as follows:
Chop-sticks have to be immediately daubed with paper scrap
after moistening the quick test paper scrap with normal sal-
ine. Regarding other dinner and drinking sets, the mois-
tened quick test paper scrap has to be stuck on the inner
wall surface of dinner and drinking sets (30 s) that are gen-
erally in contact with food or lips [19].

The CEN/TC 429 of the European Committee for Standar-
dization is preparing a European standard for hygiene re-
quirements and testing of commercial dishwashers based
on DIN SPEC 10534. However, it has not yet been published
[20]. The underlying pre-standard DIN SPEC 10534 sum-
marises the standards DIN 10510 (multi-tank transport
dishwashers), DIN 10511 (glass washing machines), DIN
10512 (commercial one-tank dishwashers) and DIN 10522
(reusable boxes and containers for unpackaged foodstuffs).
Hygiene requirements for the planning, construction and
operation of commercial dishwashers of various designs
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and types are specified within this pre-standard. In particu-
lar, information on hygienic and professional operation,
cleaning and disinfection of the washware, and care and
maintenance of the machines are provided. Different proce-
dures for testing the hygienic operation and their particular
area of application are described. Furthermore, principles
for the proper spatial-functional arrangement within the
kitchen area and the proper and hygienic organisation of
the washware cycle are presented. Clean and unclean areas
in the kitchen generally have to be separated in order to pre-
vent the recontamination of clean dishes, cutlery or glasses
until reprovision. The dishwasher has to be maintained
regularly to guarantee functional and operational safety.
DIN SPEC 10534 clearly arranges the microbiological re-
quirements in overview tables to quickly identify the respec-
tive test procedure, test method and hygiene requirement
for the test object. All types of tests (type test and/or proce-
dure test, post-installation test, daily inspection, periodic in-
spection, non-routine testing) are tabulated and allow for a
direct comparison of the area of application and scope of
testing. Type testing is used to prove that a machine built
in series meets the requirements for cleaning and disinfec-
tion. After the installation of the dishwasher, a post-installa-
tion test is performed to confirm the hygienic operating
when used according to the instructions of the manufac-
turer. During the running operation, a procedure test helps
to evaluate the hygienic functioning under practical condi-
tions of use. The daily inspection has to be conducted by
the operator to monitor hygiene-relevant parameters, such
as temperature or concentration of detergent, but no mi-
crobiological assessments have to be undertaken. Routine
tests periodically ensure the hygienic functioning during
the running operation of the dishwashers. A non-routine
test has to be executed after procedurally impaired rebuilds
or changes. The scope of testing includes all test methods
introduced in DIN 10510, DIN 10511, DIN 10512 and
DIN 10522: visual inspection of cleanliness and dryness,
temperature check, determination of surface total aerobic
count on the washware, tests with bioindicators, microbio-
logical testing of the detergent solution in the tank and
testing of the water quality [25].

The contact sampling of surfaces prescribes the maxi-
mum total aerobic count on a defined area. Most of the
standards define a limit of < 5 cfu/cm2, however, different
requirements apply to reusable boxes and containers.
Furthermore, the reference value for the total microbial
count in the detergent and rinse aid solution is set at
200 cfu/mL, whereas the alarm value is 500 cfu/mL. In ad-
dition, tests with bioindicators are performed in some
cases. Consequently, stainless steel bioindicators contami-
nated with 0.1 mL of a mixture of the test soiling BAMS
(containing 0.6% bovine albumin, 1.0% mucin and 3.0%
maize starch) and 107 cfu/mL E. facium ATCC 6057 are
applied in a dishwashing cycle. The acceptance criteria is
a 5-log10 reduction. The test strain E. faecium ATCC
6057 has to be checked biannually to ensure a sufficient
heat resistance [25].

DIN 10510 :2013-10 [21] applies to multi-tank conveyor-
type dishwashers with at least one prewash zone, a deter-
gent-circulating zone and a fresh water rinsing zone. A tem-
perature of 60 8C is recommended in the detergent tank.
The freshwater rinsing can range from 25 8C to 85 8C. The

contact time in the tanks should be at least 2 min, depend-
ing on the transport speed. Most of the types of tests (proce-
dure test, post-installation test, daily inspection, periodic in-
spection, non-routine testing) apply to multi-tank conveyor-
type dishwashers. A type test would not be meaningful be-
cause different types of dishwashers are combined regard-
ing the needs of the operator. Therefore, the procedure test
was introduced. The post-installation test has to be con-
ducted after the installation of the dishwashers. The total
aerobic count on the surface of at least 10 dish items has to
be checked with the contact sampling method. The total
aerobic count of the detergent and rinse aid solution in the
last tank has to be determined after 0.5 h of fully operating.
Lastly, tests with bioindicators in special test racks and un-
der practical conditions have to be performed. In test racks,
10 bioindicators have to reach a 5-log10 reduction. However,
only 1 out of 8 bioindicators is allowed to have a log10 reduc-
tion < 5 in the cutlery rack. A half-yearly routine inspection
includes surface sampling of washware items and the sam-
pling of the detergent and rinse aid solution [21].

Higher requirements have to be followed according to
DIN 10511 : 1999-05 [22] for glasswashing machines because
the cleaning result of glasses is substantially influenced by
the water quality. Softened or demineralized water has to
be used to avoid deposits on the glassware. The temperature
in the detergent tank has to be at least 55 8C and (65 € 2) 8C
in the final rinse. The temperatures for cleaning should not
be much higher than 60 8C to maintain the usability of the
glasses. Contact times of at least 90 s are recommended. Re-
sidues from drinks are not allowed to dry on the glasses for
more than 2 h. The cleaned glasses cannot be dried or pol-
ished manually after the glass washing cycle. The microbio-
logical assessment for glass washing machines includes the
type testing, daily inspection and procedure testing. In the
type test, the decontamination efficacy of two standardized
test glasses contaminated with reconstituted skimmed milk
and 107 E. faecium is tested. Therefore, the shortest pro-
gramme should be used in combination with 1.5 g/L pre-
scribed test detergent and test rinse aid. In addition to the
interior, the mouth edges of the glasses are also to be con-
taminated and allowed to dry for 2 h before washing. Ninety
per cent of the glasses have to reach a 5-log10 reduction;
10 % of the glasses can be below this limit. The procedure
testing under practical conditions of use is recommended
considering the duty of care of the operator. At least
10 glasses must undergo contact sampling, but only 1 out
of 10 glasses can have more than 5 cfu/10 cm2. Moreover,
the total microbial count in the detergent and rinse aid solu-
tion has to be determined [22].

DIN 10512 : 2008-06 [23] applies to commercial one-tank
dishwashers. The temperature in the pre-clearance zone
should not exceed 35 8C to avoid the build-up of protein
and starch residues. The temperature must be 60 8C to
65 8C in the detergent solution tank and 80 8C to 85 8C in
the final rinse. When the detergent contains a disinfecting
or oxidizing component, the temperature in the detergent
tank can be reduced to 55 8C to 65 8C. A temperature of at
least 60 8C for 90 s in the detergent tank is generally recom-
mended. The drying time of food residues on the washware
items should be less than 2 h. Three different types of tests
apply regarding one-tank dishwashers: type testing, proce-
dure testing and daily inspection. However, the procedure
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testing is only recommended. The type test is performed
with bioindicators in front of test plates and in the cutlery
tray. The test programme should be the shortest available
and 3 g/L liquid alkaline standard detergent without active
chlorine and acidic standard rinse aid should be used.
Ninety per cent of the bioindicators have to achieve a
5-log10 reduction, but all of the bioindicators have to reach
a reduction above 4 log10 steps. The procedure testing in-
cludes surface sampling of at least 10 washware items (only
1 item can have > 5 cfu/10 cm2) and the determination of
the total aerobic count of detergent solution [23].

DIN 10522 :2006-01 [24] contains hygiene requirements
for washer-disinfectors used to clean and disinfect reusable
boxes and containers (crates) for the storage and transport
of unpacked food in the commercial sector. The type of tests
and hygienic requirements are based on the hygienic risk of
the transported food, which is classified into less critical,
critical and very critical food. Less critical foods are, for ex-
ample, fruit and vegetables, critical food can be bread and
rolls, and very critical foods are meat and fish, for instance.
The type of contamination on the reusable boxes and crates
determines the water temperature required in the washer-
disinfector. Water in the pre-clearance should not exceed
45 8C to avoid the build-up of starch or protein residues.
When a thermal disinfection is necessary, at least 60 8C in
the detergent solution and at least 80 8C in the final rinse
must be reached. If thermal disinfection is not applicable, a
disinfecting or oxidizing component needs to be added to
the detergent. Different types of detergents and contact
times have to be applied to remove the specific contamina-
tion due to the different kinds of soil on the reusable boxes
and crates. No microbiological tests are necessary for less
critical reusable boxes and crates. Critical reusable boxes
and crates must have surfaces with low microbiological
contamination (total aerobic count < 500 cfu/100 cm2;
< 20 cfu/100 cm2 for yeasts and moulds). The total aerobic
count in the detergent solution also has to be determined.
The strictest hygiene requirements have to be fulfilled for
reusable boxes and crates used for very critical foodstuffs.
No Enterobactericeae must be detected per 100 cm2. Only 2
out of 10 samples can have more than 0 but less than
10 cfu/100 cm2. The limit for the total aerobic count is
further reduced to 100 cfu/100 cm2. The total aerobic count
of the detergent solution also has to be determined. The ac-
ceptance level for tests with bioindicators is a 5-log10 reduc-
tion for 90% of the bioindicators and at least a 4-log10 reduc-
tion for the residual 10 %. The tests for washer-disinfectors
used for reusable boxes and crates are generally type testing,
post-installation tests and routine testing. The inspection
frequency is based on the hygienic criticality of the foodstuff
transported [24].

DIN 6653-3 :2011-01 [26] addresses primarily manufac-
turers of glasswashers and operators of out-of-home catering
facilities that serve beverages. The standard provides hy-
giene efficacy requirements for manual glass scrubbing de-
vices with physically separated pre-rinsing and post-rinsing.
Cleaning and disinfection have to be performed daily (when
used daily), on demand, prior to the first use, after longer
non-use and after repair of the manual glass scrubbing de-
vices. Firstly, the glasses are pre-rinsed and cleaned inside
and outside by scrubbing with brushes and a suitable deter-
gent. In the second step, the glasses are post-rinsed with tap-

water to remove the soil particles dissolved. However, no re-
quirements for the water temperature are given in the stan-
dard. The water flow has to be adjusted in order to achieve a
sufficient renewal of water used in the pre-rinsing step. Re-
sidues of beverages should not dry for more than 2 h on the
glasses and the latter are not allowed to be dried or polished
manually after cleaning. Two types of tests apply for man-
ual glass scrubbing devices: daily inspection and type test-
ing. In the daily inspection, the glasses, the glass scrubbing
device and the environment of the device have to be visually
clean. The type testing includes a test for visual cleanliness
and dryness and one for the decontamination efficacy of the
manual glass scrubbing device under defined test condi-
tions. The glasses are contaminated on the interior and the
mouth edge with reconstituted skimmed milk containing
107 cfu E. faecium ATCC 6057 per glass. If necessary, a
non-pathogenic test strain can be used when it has similar
characteristics to the established E. faecium. The test has to
be performed with detergent recommended by the manu-
facturer. The acceptance criteria is the lowest compared to
the other DIN standards: 90 % of the glasses have to achieve
a 4-log10 reduction; 10 % with lower reduction can be toler-
ated [26].

4 Regulations regarding the hygiene of foodstuffs and
particularly commercial dishwashing

The Codex Alimentarius is a summary of standards for food
safety and product quality of the United Nations published
by the Food and Agriculture Organization and World Health
Organization. It aims to protect consumers’ health and en-
sure fair practices in the food trade [29], however, it is not
directly legally binding. One aim of the Codex Alimentarius
is to establish effective systems in order to ensure adequate
maintenance and cleaning, control pests, manage waste and
monitor effectiveness of maintenance and sanitation proce-
dures. The cleaning should ensure that food residues and
dirt are removed. If necessary, a disinfection may be per-
formed after cleaning. For cleaning, physical methods such
as heat, scrubbing, turbulent flow, vacuum cleaning and
chemical methods using detergents, alkalis or acids should
be applied separately or in combination. The cleaning meth-
ods include the following subsequent steps: removing gross
debris from surfaces; applying a detergent solution; rinsing
with water; dry-cleaning; and, where necessary, disinfecting
with subsequent rinsing. The suitability and efficacy of the
cleaning and disinfection procedures need to be monitored.
Adequate facilities for the cleaning of food, utensils and
equipment should be provided with a supply of hot and cold
potable water of drinking water quality [30].

The U.S. Food and Drug Administration published the
Food Code [31] providing a technical and legal basis for reg-
ulating the retail and food service. Regarding ware washing
machines, the Food Code specifies requirements for the de-
sign of machines and provides technical details for cleaning
and sanitization. After the cleaning, food-contact surfaces
should be visually clean and free of soil. A sanitization is
achieved when representative disease microorganisms of
public health importance are reduced by 5-log10 (99.999%)
by means of hot water or chemicals. The Food Code pre-
scribes minimum temperatures for the wash solution and
hot water sanitization and provides details of the chemical

S. S. Struchtrup et al.: Hygiene in Commercial Dishwashing

326 Tenside Surf. Det. 58 (2021) 5



sanitization to guarantee clean and sanitized items. Tem-
peratures of 74 8C (single temperature machine) and 66 8C
(dual temperature machine) are prescribed (stationary rack
machines) for spray type warewashers using hot water to sa-
nitize. One-tank, conveyor, dual temperature machines must
reach at least 71 8C, whereas multi-tank, conveyor, multi-
temperature machines have to achieve at least 66 8C. The
minimum wash solution temperature for spray type ware-
washers using chemicals to sanitize is 49 8C. The surfaces
temperature on food-contact items must reach at least 71 8C
for an effective sanitization by means of hot water. The low-
er temperature limit for stationary rack, single temperature
machines is 74 8C and 82 8C for all other machines based on
the sanitizing rinse contact time to achieve the prescribed
71 8C on food-contact surfaces. Chemical sanitizing is done
by the application of sanitizing chemicals by immersion,
manual swabbing, brushing or pressure spraying methods,
using a solution. Different contact times are specified de-
pending on the chemicals used [31].

The European Parliament and the Council of the Europe-
an Union established Regulation No. 852/2004 [32] regard-
ing the hygiene of foodstuffs to ensure a high level of consu-
mer protection regarding food safety. Food business
operators need to comply with general and specific hygiene
requirements. Suitable devices for cleaning, disinfecting and
storing tools and equipment for food must be provided
where necessary. These facilities must be made of corro-
sion-resistant materials, be easy to clean, and have adequate
hot and cold water supplies. Transport and/or food handling
containers should be kept clean and maintained to protect
food from contamination and, where necessary, designed
and constructed to allow adequate cleaning and/or sanitiz-
ing [32].

The German Food Hygiene Regulation (LMHV) regulates
specific food hygiene issues and the implementation of legal
acts of the European Community or the European Union in
the field of food hygiene. It does not give details on the
cleaning or disinfection of food-contact items, however, it re-
quires that people handling food need to have expertise in
cleaning and disinfection processes [36]. The Federal Centre
for Health Education (BZgA) and the Federal Institute for
Risk Assessment (BfR) aim to prevent health risks for con-
sumers and present hygiene measures for community cater-
ing. The general requirements for the cleaning temperature
and duration must be met. A sufficient amount of detergent
for the cleaning of cutlery, dishes and kitchen essentials
with hot water should ensure a hygienically clean result.
When cleaned in the dishwasher, a temperature of at least
60 8C has to be achieved [35 –37].

In addition to the BZgA and BfR, the Robert Koch Insti-
tute (RKI) gives specific and detailed information on clean-
ing and disinfection processes for community catering. It is
the central scientific institution of the German government
in the field of biomedicine and one of the most important
bodies for safeguarding public health in Germany [39]. Re-
garding the reprocessing of care utensils, washer-disinfec-
tors should be preferred to manual reprocessing. Shaking
beakers, measuring spoons, etc., must be thermally disin-
fected using suitable processes (e. g. dishwashers at ‡ 60 8C
or washer-disinfectors). Dishes can be cleaned in single-tank
dishwashers (household dishwashers with 65 8C pro-
grammes). In the case of a large volume of dishes, a multi-

tank dishwasher can be useful. DIN 10510 recommends
once-a-year inspection using suitable bioindicators for mul-
ti-tank dishwashers in communal areas [38].

Regarding the COVID-19 pandemic, the RKI provides in-
formation on how to process dishes that may have been con-
taminated with the coronavirus (SARS-CoV-2). The dishes
have to be transported in a closed container to the dish-
washer and cleaned as usual in the hospital [39, 42, 49].

Due to the COVID-19 pandemic, the government of Ger-
many resolved hygiene and protection measures to prevent
the spread of the virus. The state-specific regulations gener-
ally summarise measures regarding the hygiene and disin-
fection of commercial dishwashers as follows: prescribed
temperatures have to be reached to ensure a sufficient clean-
ing of the wash-ware [40]. Dishes and cutlery used by guests
should be washed with a suitable amount of appropriate de-
tergent at a temperature of at least 60 8C. Cleaning in the
dishwasher has always to be preferred to mechanical clean-
ing since an average germ reduction of about 99.6% was
achieved with mechanical cleaning in the dishwasher, but
only 87.7% germ reduction has been achieved for manual
cleaning, ranging from 69.9% to 99 % [49 –51]. If it is not
possible to clean glasses in a dishwasher or glasswasher at
‡ 60 8C, the glasses should be cleaned manually using hot
water of at least 45 8C with detergent. If colder water is used,
special attention should be paid to a sufficient amount of de-
tergent, a longer dwell time of the glasses in the sink and
thorough mechanical cleaning and subsequent drying of
the glasses. The mouthpieces, hoses and water vessels in
shisha bars must be cleaned with a suitable cleaning agent
after each use [41, 42]. However, restaurants and bars had to
be closed again due to the increasing number of infections
with the coronavirus in Germany in winter 2020 [43].

5 Market information with a focus on hygiene in
commercial dishwashing in times of the coronavirus
pandemic

The German working group commercial dishwashing (AK
GGS) – consisting of manufacturers of detergents, commer-
cial dishwashers and dispensers, warewashing equipment
and the associated supplier industry from all over Germany
– published a practical handbook for commercial dishwash-
ing [49] and provides therewith professional knowledge
transfer in German and English [47]. Chapter 11 deals with
hygiene and aims to facilitate the hygienic operation of com-
mercial dishwashers for the provider. In addition to the
compliance with general hygiene requirements for food pro-
cessing (such as Regulation (EC) No. 178/2002, (EC)
No. 852/2004 and DIN 10516), there is a large number of
special features to be taken into account for commercial
dishwashing, which are recorded and explained in DIN stan-
dards. The practical handbook of the AK GGS summarises
the existing DIN standards (DIN 10510, DIN 10511, DIN
10512, DIN 10522 and DIN SPEC 10534) for the different
types of commercial dishwashers [46].

In Austria, the �GSV specifies instructions for testing
the cleaning and disinfection efficacy of warewashers used
in commercial kitchens and the healthcare sector (Guide-
line No. 12). The tests should be conducted after the instal-
lation (post-installation test) and periodically during operat-
ing (periodic inspection), including the testing of cleaning

S. S. Struchtrup et al.: Hygiene in Commercial Dishwashing

Tenside Surf. Det . 58 (2021) 5 327



efficacy and a temperature control. Further test methods
need to be performed for non-thermal processes: the reduc-
tion of the total microbial count needs to be verified, the
final rinse water needs to be tested microbiologically, the
surface of the washware needs to be tested using contact
cultures and, if necessary, the dosing precision needs to
be verified [33].

The cleaning efficacy is performed with a test soiling
media (mixture of potato starch, flour paste, nigrosine and
egg) that contaminated at least 20 washware items repre-
senting the typical routine load. After cleaning, the items
are checked visually for soil residues. The acceptance criteria
for the post-installation test is no visible soil and a maxi-
mum of 10 % of the surface of the washware items can have
small punctuate residues for the periodic inspection [33].

The temperature in the final rinse must be ‡ 80 8C. Differ-
ent time-temperature combinations can be applied for ther-
mal disinfections to achieve a sufficient result (‡ 80 8C for
‡ 30 s, ‡ 83 8C for ‡ 15 s, ‡ 85 8C for ‡ 10 s). Machines using
the A0 concept have to reach an A0 ‡ 30 s for temperatures
‡ 80 8C [33].

The total microbial count reduction should be tested with
bioindicators. At least three bioindicators contaminated with
organic soil (e.g. BAMS acc. to DIN 10510) and 105 to
106 cfu/mL E. faecium per test run should be attached to
the washware (e.g. cutlery basket) and tested in the ware-
washer. The acceptance criteria is a 5-log10 reduction. In ad-
dition to tests with bioindicators, the final rinse water
should be sampled for any recontamination if the final rinse
temperature is below 80 8C. The total microbial count in the
final rinse water must be £ 100 cfu/mL and no Pseudomonas
aeruginosa should be detectable in 100 mL for multi-tank-
and one-tank dishwashers. The additional requirement that
E. faecium has not been detected in 100 mL applies to water-
change dishwashers. In the case where sampling of the final
rinse water cannot be performed, the surface of two wash-
ware items can be checked for contamination using contact
cultures. The limit for contact cultures is < 5 cfu/20 cm2 and
no Pseudomonas aeruginosa should be detectable. The last
test method is contact culturing from washware items after
the completion of the test run. At least five washware items
that have been cleaned in the same cycle as the bioindicators
need to be sampled. Contact culture sampling can be
omitted for thermal processes with final rinse temperatures
above 80 8C. The acceptance criteria for contact cultures is
< 5 cfu/20 cm2. The test strain E. faecium and Pseudomonas
aeruginosa must not be detectable [33].

In times of the coronavirus pandemic, manufacturers of
cleaning products, such as etol� or Dr. Weigert, provide infor-
mation about a hygienic operation regarding SARS-CoV-2
and the AK GGS published a fact sheet about commercial
dishwashing and SARS-CoV-2. The AK GGS emphasises
that the manual cleaning of drinking glasses has disadvan-
tages in comparison to the standardized machine cleaning
with higher temperatures, longer contact times, and constant
mechanics and detergent dosage [49].

etol� supports customers with solutions in the areas of
cleanliness and hygiene, healthcare and pharmaceutical pro-
ducts, and plastics technology. It recommends that the spe-
cifications of the RKI are followed for commercial dishwash-
ing in times of the coronavirus. The RKI recommends that
dishes of people affected should be transported to the dish-

washer in a closed container and cleaned as in hospitals.
The machines in hospitals and other facilities where com-
mercial dishwashers are used should be operated in accor-
dance with the DIN standards for commercial dishwashing
(DIN 10510, DIN 10511 and DIN 10512). The temperature
in the detergent tank should be between 60 8C and 65 8C if
a detergent without a disinfection component is used. If a
detergent with a disinfection component is used, the tem-
perature can be reduced to 55 8C to 65 8C. For rinsing, 80 8C
to 85 8C is recommended. The detergents from etol� are
highly alkaline and lead to hygienically clean rinsing results.
The contact time, i. e. the duration of a rinse cycle, should be
at least 2 min for a commercial multi-tank dishwasher. In a
one-tank dishwasher, on the other hand, 90 s is sufficient to
achieve the best possible hygienic results [44].

Dr. Weigert is a German company developing profes-
sional system solutions in machine cleaning and disinfec-
tion in laboratory and medical technology, in the commer-
cial kitchen sector and in the pharmaceutical, cosmetics
and food industries. Regarding the cleaning of dishes and
cutlery in times of the coronavirus (SARS-CoV-2), it recom-
mends cleaning dishes and cutlery in the dishwasher at
temperatures > 60 8C and refers to the recommendations of
the RKI [45]. The information from manufacturers of clean-
ing products on the coronavirus does not claim to be com-
plete.

6 Conclusion

Cleaning and disinfection processes in commercial dish-
washing are mainly influenced by temperature, time, chem-
istry and mechanics. Scientific studies provide insights into
the interaction of those parameters in different commercial
dishwashing settings (i. e. tank dishwashers and water-
change dishwashers) and contribute to extending the state
of knowledge constantly. Existing cleaning methods in com-
mercial dishwashing are based on the well-established che-
mo-thermal inactivation and mechanical removal of micro-
organisms. The main conclusions drawn from studies
regarding the influence of temperature, chemistry and me-
chanics on microbial reduction are summarised in Table 3.

Classifying the studies into Bloomfield’s hierarchy for hy-
giene procedure testing, only one study tested the thermal
disinfection efficacy within suspension tests (stage 1) [3].
Buchrieser [8] checked the microbiological validity of the A0
concept, first published in DIN EN ISO 15883 in 2005. He
found that the inactivation of E. faecium cannot be described
with the A0 concept as has been experimentally proven. Dif-
ferent temperature-time combinations do not lead to equiva-
lent disinfection results. Only A0 values ‡ 180 s and tem-
peratures ‡ 75 8C can achieve an efficient and satisfactory
disinfection efficacy. The condition of the utensils to be dis-
infected, especially the soil in which the microorganisms are
embedded, plays a crucial role for thermal inactivation [8].

A stage 2 study by McCormick et al. [9] supported the con-
clusions from Buchrieser [8] and recommended applying
the A0 concept only above temperatures of 70 8C to 75 8C to
take the inactivation of thermos-resistant bacteria and
viruses into account.

However, most of the studies have to be classified into
stage 3 according to Bloomfield et al. [3] since they test the
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efficacy of products and processes under conditions of use
and define a microbiological limit to be achieved.

In the 1990s, some studies [2, 10–13] provided the basis
for the development of standards for different types of com-
mercial dishwashers (DIN 10510, DIN 10511, DIN 10512,
DIN 10522 and DIN SPEC 10534) in Germany. Hygienically
clean washware can be produced when the cleaning solution
in the last tank of tank dishwashers before rinsing has a total
aerobic count < 100 cfu/mL; bioindicators contaminated with
the test soiling medium bovine albumin, mucin and corn
starch and 107 cfu E. faecium are reduced by 5-log10 steps
and contact sampling of surfaces results in < 5 cfu/10 cm2.
Several studies [1, 15–16] also demonstrated the suitability
of the non-pathogenic M. luteus DSM 1790 (ATCC 10240) as
a substitute for E. faecium since it has a similar thermotoler-
ance. One key finding from the studies is that temperatures
above 60 8C are efficient to remove germs from washware
when the contact time is 2 min. A concentration of 10 ppm
active chlorine in the detergent ensures a hygienically clean
result when the temperature is below 60 8C in the cleaning
tank. Long contact times can increase the microbial reduc-
tion; however, they cannot fully replace a chemical disinfec-
tion, especially at lower temperatures. However, the antimi-
crobial efficacy of the parameters tested has not been proved
in stage 1 suspension tests or subsequent stage 2 surface
tests, and the authors of the studies do not refer to possible
studies proving the antimicrobial efficacy of temperature,
contact time, detergent or bleach, or mechanical removal.

In addition to the most important parameters of tempera-
ture, time and chemistry, a study from Nicolella et al. [14]
has found that the microbial reduction is mainly caused by
mechanical action of water spray jets rather than tempera-
ture. Thus, thermal inactivation alone is not sufficient en-
ough to reduce the microbial count under typical conditions
(temperature, time) in a commercial dishwasher. A suffi-

cient sanitizing efficacy can be attained even at lower tem-
peratures (45 8C) when a high volume of water is sprayed
onto the dishes during the rinsing phase. However, this
study was performed with 106 cfu/mL Escherichia coli with-
out soiling, which makes it difficult to evaluate the microbial
reduction under aggravated conditions (e.g. with persistent
soil residues).

More recent studies from Kerschgens et al. [15] and Klap-
per et al. [1] have proven the use of the non-pathogenic Mi-
crococcus luteus DSM 1790 (ATCC 10240) in water-change
dishwashers as an alternative test strain to the established
E. faecium ATCC 6057 since it has a comparable heat resis-
tance. The M. luteus strain can be used in usual dishwashing
laboratories due to its belonging to Biosafety level 1 [1, 15].

Zinn et al. [16] performed tests with M. luteus on bioindi-
cators contaminated with oat flakes instead of BAMS. The
oat flake soil is easy to produce, difficult to remove from
test items, suitable to produce differentiating results and
could, thus, be an alternative to BAMS when testing com-
mercial water-change dishwashers [16].

The study from Zinn et al. [16] supports, furthermore, the
finding from Nicolella et al. [14] that the mechanical wash-
ing off is a parameter not to be underestimated. Intensive
programmes with a higher number of water changes, in-
creased mechanical action and longer programme duration
lead to higher reductions compared to short programmes.
The most widely used bleach component in the detergent
(sodium hypochlorite) increases the microbial reduction in
comparison to bleach-free detergents [16].

Recommendations specifying hygiene requirements for
commercial dishwashers are not available in all parts of the
world. The existing standards are country-specific and a
compliance with them is not obligatory. Germany, Europe,
China, Australia and the USA have established standards in-
cluding requirements for the construction and design of

Thermal inactivation Chemical inactivation Mechanical removal

Time . Temperatures > 60 8C for 2 min
achieve sufficient hygiene [13–15]

. Higher temperatures are always more
effective than lower temperatures
(even at longer contact times) [8]

. Intensive programme (with higher tem-
peratures) more effective than short
programme [16]

. Minimum temperature for application
of A0 about 75 8C [8–9]

. Increase of cleaning temperature has a
higher antimicrobial effect than an in-
crease of rinsing temperature [15]

. Longer contact times (longer contact
with cleaning solution, increased me-
chanical removal, higher number of
water changes) increases microbial re-
duction compared to shorter pro-
grammes [11, 16]

Temperature . Temperatures > 60 8C and chlorine
content > 10 ppm achieves sufficient
antimicrobial effect [10]

. At temperatures > 60 8C, even a low
concentration of active chlorine & alka-
line pH are highly antimicrobial [10]

. Temperatures > 60 8C, a concentration
of 10 ppm chlorine achieves sufficient
reduction [13]

. Lower temperatures (508C) and use of
detergents without active chlorine lead
to reduced microbial reduction [2]

. High mechanical action is needed to
remove microorganisms (thermal inac-
tivation solely not sufficient enough);
rinsing temperature has only a small
impact compared to water volume [14]

. Soiling has a crucial impact on removal
of microorganisms (persistent soiling
requires higher temperature
(i.e. BAMS > 658C) for sufficient reduc-
tion [2]

. Formation of biofilms do not change the
susceptibility of microorganisms towards
heat significantly [9]

Table 3 Microbial reduction classified by impact of temperature, chemistry and mechanics (as a function of time and temperature, respectively).
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commercial dishwashers or washer-disinfectors and their
decontamination efficacy, and provide corresponding test
methods. Even if the principle of hygiene testing in the stan-
dards mentioned is the same, the test methods differ from
standard to standard. The standards require the washware
to be clean (and dry), however, a method for measuring the
soil removal is included only in the American NSF/ANSI 3-
2019. The other standards only assess the cleanliness of the
washware visually. However, it should be noted that separat-
ed standards for assessing the cleaning efficacy may exist
(e.g. IEC 63136 :2019 for tank dishwashers [52]). In addi-
tion, the standards use different test strains to assess the mi-
crobial reduction in the dishwashing process. In addition to
that, the test strains are embedded in different test soiling
media whose removal behaviour is not completely compar-
able. Standards in Germany and Europe are based on tests
with bioindicators contaminated with BAMS and E. faecium
or other test soiling media and test strains according to their
application. The NSF/ANSI 3 uses cultured buttermilk with
106 cfu E. coli ATCC 11229 on washware items. Many stud-
ies [2, 12, 16, 27– 28] have shown that the soil matrix has a
crucial influence on the cleaning result and the removal and
inactivation of microorganisms. The recommended tem-
peratures in those standards is above 60 8C for cleaning,
whereas the rinsing temperature for sanitizing is higher de-
pending on the standard given. The German DIN standards
recommend 60 8C in the detergent tank for 90 to 120 s and
80 8C to 85 8C in the final rinse for tank dishwashers [21, 23,
24]. The American NSF/ANSI 3 [17] standard requires mini-

mum temperatures of 66 8C to 74 8C for cleaning and 74 8C
to 82 8C for the sanitizing rinse according to the type of dish-
washer.

The American Food Code [31] and the Australian Stan-
dard AS 4674-2004 [18] only recommend minimum tem-
peratures for cleaning or sanitizing, but they do not provide
test procedures to assess the hygiene efficacy. A worldwide
standardized test method would guarantee the comparability
of test results. However, country-specific conditions (such as
typical washware items, e.g. chop-sticks in China) could
thereby be neglected. Table 4 compares the most relevant pa-
rameters of the different country-specific standards existing.

In addition to standards, legally binding regulations and
advisory guidelines are also available in some countries.
Most of them contain only general rules about the hygiene
of foodstuffs or cleaning and disinfection. In Germany, the
RKI, BZgA or BfR provide information and give recommen-
dations to safeguard public health. It is commonly agreed
within these institutions that a dishwashing temperature of
60 8C is sufficient for a hygienically clean result – even in
times of the coronavirus (SARS-CoV-2). In Austria, the
�GSV provides detailed information for testing commercial
warewashers based on DIN standards for different types of
commercial dishwashers or washer-disinfectors with only
some modifications.

In the USA, the Food Code provided by the Food and
Drug Administration is not federal law, but it gives detailed
recommendations for minimum temperatures in dish-
washers using hot water or chemical sanitizing. A key re-

Germany/Europe:
DIN 10510-10522; DIN SPEC

10534

China: GB 14934-2016 USA: NSF/ANSI 3-2019 Australia:
AS 4674-2004

Type of tests . Type test
. Post-installation test

(Daily inspection, periodic
inspection, non-routine
testing)

. Test for coliform bacteria
and Salmonella

. (Soil removal test)

. Sanitization efficacy test (by
hot water or chemical)

. None

Test methods . Visual inspection (cleanli-
ness, dryness)

. Temperature check

. Determination of aerobic
microorganism count on
washware surface

. Tests with bioindicators

. Microbiological testing of
the detergent solution

. Water quality check

. Inspection on sensory,
physical and chemical resi-
dues

. Limits for microorganisms
on chop-sticks/dinner and
drinking sets (fermentation
methods/paper scrap
method)

. Visual inspection (cleanli-
ness, free from detergent)

. Tests with contaminated
washware items

. None

Test strain . E. faecium ATCC 6057 . None . E. coli ATCC 11229 . None

Soiling . BAMS on bioindicators
. Reconstituted skimmed

milk on glasses

. None . Cultured butter milk (1%
fat) on milk glasses, pots
and pans

. None

Recommendation
(time/temperature)

. 60 C in detergent tank (for
90 resp. 120 s)

. 80-85 8C for fresh water
rinse

. None . Minimum temperature:
cleaning 66-74 8C, sanitizing
rinse 74-82 8C (acc. to type
of dishwasher)

. 80 8C/2 min or
75 8C/10 min or
70 8C/15 min

Hygiene level
requirement

. ‡ 5-log10 reduction on
bioindicators

. < 500 cfu/mL in detergent
solution

. < 5 cfu/10 cm2 on wash-
ware surface

. Salmonella and coliform
bacteria not detectable per
50 cm2

. Hot water sanitization:
3600 HUEs

. Chemical sanitization:
99.999% (‡ 5-log10)
reduction

. None

Table 4 Comparative summary of country-specific standards for hygiene requirements in commercial dishwashing
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quirement is that the surface temperature on food-contact
items must be ‡ 71 8C for an effective sanitization by the
means of hot water – realised by different water tempera-
tures according to the respective type of machine.

The international Codex Alimentarius of the United Na-
tions provides requirements for maintenance and sanitation
to facilitate the effective control of food hazards, pests and
other agents likely to contaminate food. Table 5 gives a com-
parative overview of the regulations presented.

Some manufacturers of cleaning products or equipment
in the market of commercial dishwashing provide informa-
tion on the efficacy of their products to remove the corona-
virus (SARS-CoV-2). However, most of them only refer to ex-
isting standards to ensure a sufficient removal of the virus
since it is not yet available for testing [48, 49].

Overall, the test procedures and recommendations for
cleaning and disinfection in commercial dishwashers are
country-specific but are working on the same principle. A
worldwide standardized test method would facilitate the ap-
plication of the standards and the results gained would be
comparable. However, the current state of knowledge does
not allow for a unified test procedure. Therefore, the defini-
tion of hygiene target levels according to Bloomfield et al. [3]
may be a promising approach. The hygiene target levels can
then be achieved using different cleaning and disinfection
procedures (or a combination of different procedures). With
it, the consumption of resources such as energy or water
could be minimised and the safety that comes with hygieni-
cally clean washware items that proved to ensure a reduced
infection rate could be maximised [3].

Most of the standards require a 5-log10 reduction of bac-
teria, however, no hygiene target level is defined. A 5-log10
reduction may be sufficient when the initial count is 106 or
107 cfu (as is prescribed in most of the test methods), but it
may too low when the initial count is much higher. A hy-
giene target level of < 5 cfu/10 cm2 for the surface of wash-
ware items is often prescribed. This limit is evaluated using
contact cultures, but they are only a rough estimate of the

microbial load on washware items. Even though the hygiene
target levels might be sufficient to reduce or avoid infec-
tions, it has not been proven in intervention studies (stage 4
according to Bloomfield et al. [3]). These intervention studies
are expensive and time-consuming. However, once a suffi-
cient hygiene target level is defined, it can be applied to all
types of commercial dishwashers and the operation can be
adjusted to ensure this level. It is remarkable that most of
the studies are stage-3 studies performed under conditions
of use, without proving the antimicrobial efficacy in suspen-
sion and surface tests (stage 1 and 2) beforehand. However,
the lack of stage 4 intervention studies shows that defined
hygiene levels or recommendations are not proven to reduce
infections under realistic conditions and can only be consid-
ered as an estimation.
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