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Evaluation of the effectiveness of alternative cleaning products (OPC)

Test item(s)

4 different representative cleaning agents
3 different representative fibre cloths

The test items were received on 19 February 2024

Task no. 126-29505

Report no. 126-29505 -1

Test period 26 February 2024 - 1 March 2024
Customer P & T Trading Sweden AB

Nickelvagen 1
SE-371 50 Karlskrona
Sweden

Tel.: 708720499

Contact person

Magdalena Andersson
E-mail: magdalena@z-water.pl
TIf.: 708720499

Conclusions

Alkaline water (Z-water) with 0.009% lye removed, on average, more soil than the
universal cleaning agent with 0.05% non-ionic surfactants. Electro-deionised water
performed, on average, as well as the universal cleaning agent. All tested products
performed significantly better than the control with tap water.

Test site

Center for Hygienic Design, FORCE Technology, Brgndby

Test personale

NHM & ASGK

Disclaimer

The report may only be reproduced, in whole or in part, with the written permission
of FORCE Technology.

The test results relate solely to the items tested.

The report is valid only when signed by FORCE Technology. The original report is
stored in FORCE Technology's database and is provided to the customer as an
electronic duplicate. The original version retained by FORCE Technology shall prevail
as the authoritative documentation of the report's content and validity.
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1 Background

The Danish Cleaning Technical Association (DRF) selected several cleaning products that are marketed as
being more environmentally friendly than conventional cleaning products. These products are being tested by
FORCE Technology to obtain an independent assessment of the effectiveness of these alternative products
compared with a reference representing currently used conventional cleaning products.

2 Materials and Method

All products used in this test were supplied to FORCE Technology by DRF. The products were tested in the
condition in which they were delivered. All test tools and surfaces used for testing and evaluation were cleaned
and sterilised before use.

2.1 Materials
In-house materials:
e 2B-finished stainless steel coupons, 34 pcs., 3x4 cm with handle
e  Petri dishes with lids, PP plastic, @ 9 cm, sterile
e Buttermilk (0.3% fat), supplemented with 2*10°4 Geobacillus stearothermophilus spores/ml
e Modified Shapton & Hindes Agar (MSHA, SSI Diagnostica [2]) + glucose solution
e Light table
e Heating cabinet
e Tap water (hard, 18-24 °dH)

e Kitchen scale

Submitted materials:
o Reference cloth: Microfibre cloth, soft, 70% polyester / 30% polyamide

e Reference cleaning agent: Universal cleaning agent, 5-15% non-ionic surfactants. Recommended
solution: 0.5% in tap water.

e Ozone water: Unknown dissolved concentration
e Electrodeionised water (EDI)

o Alkaline water: Z-water containing 0.17% potassium hydroxide (pH: 12.5).
Recommended solution for comparison to universal cleaning agents: 5% in tap water (pH: 8.5)

o Test cloth A: Microfibre cloth, 50% polyester / 50% polyamide, 33.6% recycled composite fibres.
Recommended use: wetted with tap water

e Test cloth B: Microfibre cloth, 70% polyester / 30% polyamide, 70% recycled material.
Recommended use: wetted with tap water

2.2 Method

The method was developed specifically for this type of test and is based on the European Hygienic Engineering
& Design Group (EHEDG) Guideline Doc. 2 method for evaluating the cleanability of surfaces [1]. In this
developed method, a standardised surface was used instead of a standardised cleaning product, and a new
standardised OPC method for cloth cleaning was developed.
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The tested surfaces were 3x4 cm 2B-finished stainless steel coupons designed for both OPC and CIP testing.
The coupons had not been used before the experiment, and photographs were taken of all coupon surfaces
(both sides) for reference. The coupons were soiled on surface A (test 1) and surface B (test 2) with low-fat
(0.3%) buttermilk supplemented with approx. 2*10°4 Geobacillus stearothermophilus spores/ml. It was
ensured that the buttermilk did not run over the edge, and the coupons were dried overnight at 20 °C in a
protected and ventilated environment. The cleaning solutions were prepared according to the prescribed
instructions and tempered to 20 °C, and the selected cloth was wetted with the prescribed volume of cleaning
solution (reference cloth: 40 ml, test cloths: 35 ml). The soiled surfaces were cleaned with controlled pressure
(500 g + 100 g), ensuring that the entire surface was in contact with the cloth during cleaning. The surface
was cleaned for 10 seconds with 2 strokes per second, from edge to edge, until no visible soil remained on
the surface. Immediately after cleaning, the surface was placed at the bottom of a sterile Petri dish, after
which MSH agar supplemented with 5 ml glucose solution was poured into the Petri dish to 5 mm above the
coupon. The Petri dishes (with lids) were incubated upside down for 24 hours at 58 °C. The agar and coupon
were extracted from the dish, and both the coupon surface and the agar were visually evaluated separately.
Yellowing of the agar was evaluated on a light table. All images of both agar and coupons are provided in
Appendix B (B2.2.). The evaluation of the results was performed using a cleaning index, based on the number
of remaining spores, yellowing, and number of visible bacterial clusters, calculated as follows:

1
((no. of spores * 0.4) + (no. of clusters * 0.2) + (% yellow * 0.4))

Cleanliness index =

All data for the number of spores and clusters, as well as the percentage of yellowing used to calculate the
cleaning index, were normalised (between 0 and 1) in relation to the variance and minimum value of the
dataset (see Tables B.2.1.) in order to obtain controlled weighting of the results.

3 Results

The supplier of the ozone water was contacted, as the product did not state either how ozone was generated
in the product or what dissolved concentration the agent had during production. As no evidence could be
provided that the product actually produces ozone, and as traces of hydrogen peroxide were measured in the
product, which may interfere with the results due to biostatic properties against spores, it was decided to
remove the results from this analysis.

The results consist of three pieces of information from the visual evaluation:

e The number of spores (40%) — Geobacillus produces spores when growth stagnates due to time and
nutrient limitation and enters the stationary phase. This therefore provides information both about the
number of remaining spores from the soiling and how quickly bacteria from these spores have started
to grow. This gives insight into how much the cleaning product has inhibited the initiation of bacterial
growth, i.e. the length of the lag phase.

e The number of visible bacterial clusters (20%) — The number of visible bacterial clusters can be directly
correlated with areas of the surface where a larger amount of soil was present and/or where the area
provided favourable growth conditions that shortened the lag phase of bacterial growth.

o The percentage yellowing of the MSH agar (40%) — Geobacillus produces acid during the growth
phase. MSH agar is a highly selective medium for Geobacillus during incubation above 50 °C and
changes colour from purple to yellow when the pH changes as a result of acid production. This provides
information about the amount of remaining spores from the soiling.

Together, these pieces of information provide the most nuanced picture of the cleaning product’s effectiveness
in terms of removing soil from the surface and inhibiting the initiation of growth by remaining bacteria. This
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is expressed as a “cleanliness index” between 0 and 100, where a low index is obtained from a combination
of extensive yellowing, several bacterial clusters, and a high number of spores in the agar and on the surface,
while a high index is obtained from the opposite. The equation for calculating the cleaning index is provided
in the method section (2.2.).

As shown in the results tables in Appendix 2, all data were normalised between 0 and 1 based on the variance
and minimum value of the dataset, so that the result is based on a relative comparison. This is necessary
because bacteria do not always behave in the same way during growth. The cleaning index was calculated
from the normalised data. In Figure 1, the results from both tests are presented. The results from test 2 were,
on average, 28% higher than those from test 1 (partly due to the water control values in test 2) and were
therefore assigned a factor of 0.68 to compare the results in Figure 1 and Table 1. Since the datasets are
not normally distributed, the median is used as the basis for comparing datasets.

Test 1 - Cleaning effeciency Test 2 - Cleaning effeciency
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W EDI water
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e
8

=

Figure 1 — Boxplots showing cleaning results from both cleaning tests of the investigated alternative cleaning products,
based on the cleaning index inverted from microbiological evaluation of remaining Geobacillus stearothermophilus spores
as well as bacterial acid production and cluster formation. Reference: Universal cleaning agent, EDI: electro-deionized
water, Test cloth A: 33.6% recycled composite fibres, Test cloth B: 70% recycled material.

W EDI water
B Testkcloth B

Ozone
Testcloth A

B Reference
W Z-water (5 %)

Ozone
Testcloth A

M Reference
B Z-water (5 %)

Table 1 — Median of the calculated cleaning index from cleaning results with the tested cleaning products from both tests
to ensure reproducibility of the results, as well as validation of the test method by comparison with a control performed
with clean water. The values from test 2 and the water control were assigned a factor of 0.68. Statistical significance
between datasets was evaluated using a two-sample t-test, with a significance threshold of 5% probability (a=0.05).

Median Reference EDI water Z-water Test cloth Test cloth Water
(5 %) A B control
Test 1 26.4 25.7 3.9 25.4 17.8
13.4
Test 2 26.2 28.1 35.0 23.3 20.1
S'(?i?;:;an';gy No No No No No
(p<0.05) (p=0.95) (p=0.58) (p=0.97) (p=0.32) (p=0.47)
126-29505-1 Page 6 of 19
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As no significant difference was found between the datasets from the different cleaning products in tests 1
and 2 (see Table 1), it can be concluded that the test results could be reproduced and are therefore valid. The
combined evaluation from both datasets is presented in Figure 2, including the water control used to validate
the test method, and the statistical evaluation of significance between datasets from the tested cleaning
products.

Collected evaluation of cleaning effeciency of selected alternative
cleaning products

65 1

*

55

NS
[4)]

Cleaniness index
w
(8]

N
(&)}

15

T

B Reference mEDI| water B Z-water (5 %) @ Test cloth A B Test cloth B m Control (water)

Figure 2 — Boxplot showing the combined cleaning results of the investigated alternative cleaning products, including
calculated statistical significance between the results (two-sample t-test, a=0.05; ns: no significant difference, *: <0.05,
**. <0.005 ***: <0.0005). Reference: Universal cleaning agent, EDI: electro-deionised water, Test cloth A: 33.6%
recycled composite fibres, Test cloth B: 70% recycled material.

The statistical analysis shows that the electro-deionised (EDI) water performed just as well at removing soil
from the surface as 0.5 % universal cleaning agent, and that 5% solution of Z-water performed significantly
better (25.4%). However, it is important to note the large variance in the data, especially for EDI water, which
indicates that the product may vary more in its effectiveness compared with the universal cleaning agent. Z-
water was the only tested product that did not have a neutral pH value (dissolved pH: 8.5), supporting the
conclusion that alkaline solutions are better at loosening soil from surfaces (non-fat-based).

The two test cloths wetted only with tap water both proved to be significantly poorer at removing soil from
the surface than the universal cleaning agent (Test cloth A: 11.2%, Test cloth B: 29.8%), but both cloths still
performed significantly better than an ordinary microfiber cloth wetted with tap water (control, minimum
28%).
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4 Conclusions

A 5% solution of Z-water (0.009% lye) removed, on average, 25% more soil from the tested stainless steel
surface compared with a 0.5% solution of universal cleaning agent (0.05% non-ionic surfactants), although a
greater variance in the evaluated effectiveness of the z- water was observed.

Electro-deionised water performed, on average, as well as the universal cleaning agent, although it showed
considerably greater variance in evaluated effectiveness.

All tested products performed significantly better than the control using an ordinary microfibre cloth wetted
with tap water.
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Appendix 1 — Pictures of test setup

; SR R -~'~
Figure A1 — Images of the test setup. The coupons were solled and dried by attaching them to polystyrene supports
within a LAF (laminar airflow) cabinet with active extraction. Care was taken to ensure that the soil was applied only to
the coupon surface. The soiled coupons were cleaned on a scale to control the applied pressure, and cleaning was
performed using a cloth wrapped around a flat object to ensure even pressure distribution across the entire surface. The
coupons were then incubated at the bottom of Petri dishes with MSH agar poured over them, which is highly selective for
Geobacillus. Yellow discoloration develops when any remaining spores (visible on the coupon) germinate and grow back

Into bacteria during incubation above 50 °C, producing acid as a metabolic by-product.
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Appendix 2 — Microbiology
B2.1. Results
Test 1
Coupon | No. of Norm | Clusters Norm | Yellow % Norm | INDEX
no. spores
Ref. 1 31 0,31 8 0,55 31 0,83 17,7
Universal 2 34 0,35 3 0,09 21,2 0,55 26,4
3 39 0,41 3 0,09 12 0,29 33,4
4 20 0,17 8 0,55 19,3 0,50 26,6
5 20 0,17 8 0,55 21,8 0,57 24,8
EDI 11 47 0,51 4 0,18 11,7 0,29 28,1
12 17 0,13 6 0,36 10,1 0,24 45,4
13 41 0,44 6 0,36 14,2 0,36 25,7
14 33 0,33 6 0,36 17,7 0,45 25,8
15 49 0,54 13 1,00 37 1,00 12,3
Z-water 16 14 0,09 3 0,09 11,1 0,27 61,9
(5 %) 17 17 0,13 6 0,36 16,8 0,43 33,8
18 46 0,50 5 0,27 7,6 0,17 31,0
19 18 0,14 2 0,00 7,9 0,18 78,4
20 7 0,00 6 0,36 22,8 0,60 32,0
Cloth A 21 28 0,27 4 0,18 1,6 0,00 69,4
22 23 0,21 3 0,09 10,4 0,25 50,1
23 57 0,64 3 0,09 13,9 0,35 24,2
24 45 0,49 6 0,36 15,5 0,39 23,5
25 44 0,47 4 0,18 14,9 0,38 26,6
Cloth B 26 58 0,65 4 0,18 19,9 0,52 19,8
27 54 0,60 8 0,55 34,2 0,92 13,9
28 43 0,46 8 0,55 25,3 0,67 17,8
29 85 1,00 5 0,27 24 .4 0,64 14,0
30 50 0,55 4 0,18 17,7 0,45 22,8
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Test 2
Kupon Sporer Norm  Klynger Norm Gulfarve % Norm INDEX
nr.
Ref. 1 34 0,21 8 0,50 25 0,19 38,5
Universal 2 60 0,47 5 0,20 11,4 0,01 43,0
3 49 0,36 7 0,40 42,7 0,42 25,5
4 19 0,06 9 0,60 35,8 0,33 36,3
5 27 0,14 5 0,20 351 0,32 44,6
EDI 11 26 0,13 5 0,20 10,5 0,00 108,7
12 23 0,10 6 0,30 241 0,18 58,5
13 44 0,31 8 0,50 47,2 0,48 241
14 49 0,36 9 0,60 70,9 0,79 17,3
15 22 0,09 5 0,20 23,4 0,17 69,8
Z-water 16 30 0,17 4 0,10 16,1 0,07 85,3
(5 %) 17 30 0,17 5 0,20 24,7 0,18 55,0
18 39 0,26 5 0,20 27,5 0,22 43,0
19 34 0,21 5 0,20 26,6 0,21 48,1
20 54 0,41 7 0,40 87,3 1,00 15,5
Cloth A 21 62 0,49 5 0,20 20,6 0,13 34,6
22 59 0,46 4 0,10 32,6 0,29 31,3
23 43 0,30 7 040 22,5 0,16 38,1
24 50 0,37 6 0,30 27,2 0,22 33,9
25 51 0,38 7 040 77,5 0,87 17,2
Cloth B 26 86 0,73 4 0,10 20,4 0,13 27,5
27 57 0,44 4 0,10 23,4 0,17 38,0
28 78 0,65 4 0,10 21,5 0,14 29,6
29 113 1,00 4 0,10 26,6 0,21 19,8
30 69 0,56 5 0,20 24.8 0,19 29,5
Water vi 50 0,37 8 0,50 40,2 0,39 24,8
v2 56 0,43 10 0,70 43,7 0,43 20,6
v3 72 0,59 13 1,00 83,9 0,96 12,2
v4 98 0,85 6 0,30 36,1 0,33 18,8

126-29505-1
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B2.2. Images of Results

All images have been edited to varying degrees to enhance the visibility of spores and yellow discoloration
for visual evaluation.

Reference — 0.5% Universal Cleaner
(blue background: Test 1, white/light background: Test 2)

126-29505-1
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EDI Water:
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5% Alkaline Water, Z-water (pH 8.5) (blue background: Test 1, white/light background: Test 2)
I P
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Test Cloth A: 33.6% recycled composite fibers, wetted with tap water (blue background: Test 1, light

background: Test 2)
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Test Cloth B: 70% recycled material, wetted with tap water (blue background: Test 1, light background:

Test 2)
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Water Controls: Reference cloth wetted with tap water.
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  Cleanliness   index =  1  (  ( no .   of   spores ∗ 0 . 4 ) +  ( no .   of   clusters ∗ 0 . 2 ) +  ( %   yellow ∗ 0 . 4 ) )
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