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Scope ofthe Study:
Design the most comprehensive ATP study done to

date looking at 5 known systems

Purpose & Intent for ATP Hygiene Monitoring

The purpose of ATP bioluminescence for hygiene
moniforing is to provide a simple, rapid, direct,
objective test for cleaning verification. It is a
sophisticated sensitive indicator test to determine the
hygienic status and potential risk of the object being
sampled instantly.

Unlike microbiological tests that take days to yield
results, ATP testing provides valuable information in
seconds. The results from ATP surface hygiene
monitoring are different to those of microbial
enumeration methods and give additional information
that the microbial test cannot provide.

ATP tests are not intended to replace microbial tests.
However there is concurrent direct correlation
between the results of the two methods because
cleaning simultaneously removes Dboth organic
residues and microbes.
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Purpose & Intent Defined the Performance
Criteria of the Study

The key performance criteria evaluated were:
1.Linearity

2 Sensitivity

3.Repeatability

4 Accuracy

These performance criteria were determined by
experimentation in controlled laboratory
conditions using 3 sample types;

1.ATP dilutions pipetted direct to the swab bud

2 Dilutions of foodstuff in two states: pipetted directly
to the swab bud & dried on stainless steel surfaces
3.Dilutions of microbial cultures typical of those of
concem to food & beverage processors inciuding:
Escherichia coli, Lactobacillus plantarum,
Pseudomonas aeruginosa, Salmonella typhimurium
and Staphylococcus aureus and one yeast culture,
Saccharomyces cerevisiea.
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The Systems:

Three key components make up an ATP system

*An ATP system consist of 3 components.
Each component is a critical part in overall performance.

1. Instrument - Luminometer (2 types were evaluated) 3. Reagent Swab Device - Design & Wetting Agent
- Photodicde: sensitive, robust, requires low voitage, does ATP test device design and components play
not drift with time _ [tis low costand has low background important roles in performance and cost per test.
noise®.

s 2 : : : -ATP test devices are pre-wetted with an extractant
- Photomultiplier Tube: Sensitive, fragile, requires high

voltage, drifts with time _ It is expensive and has high Yo collect and release ATF from a sample.
background noise. - Four of the test devices tested used swab tips and cne

used a sponge like tip (Neogen).
2. Bioluminescent Chemistry (2 variations were evaluated)
- Liquid stable chemistry — new technclogy allows for

PR TECR AN ALY ST, SR I TN Five Commercial ATP Systems Used In Study
and accuracy, and more consistency. Simpler
manufacturing has lower cost. »BioControl Lightning MVP & MVP

- Lyophilized chemistry — old technology { >30 years) Photomuitipher tube based system / lyophiiized chemistry / swab

requires complex expensive manufacturing, dry storage

and rehydration at point of use that has larger variabiiity. #Charm Science Novalum & Pocketswab Plus

Photomultiplier tube based system / lyophilized chemistry / swab

All chemistry uses luciferacefluciferin enzymes to generate # Hypiena SystemSURE Plus with Ultrasnap & Supersnap
light. The quality and guantity of the enzymes and the Photodiode based system / iquid stable chemistry / swab
other components determine the performance of the

EhEﬂ"ltﬂtI"'f. »MNeogen AccuPoint instrument and swabs
Phetodiode based system fyophiized chemistry / sponge

+ Backgrourd nosse s ight or electncal interference from the
irstrument o reagent swab device that causes a system to give 3
RELU rzading in the absence of ATP. High background noiss is
commonly sean with photomuitiplier tube machines. Some machines
like the Charm Novalum deal with this by building in & background
deduction fomulation. This reduces sensitivity, Other sysiems convert
RLU 1o iog RLU umits (or zones) to disguise the high background and
variation. Sianal - ‘SBackaround Moise = Truz and Meaninaful result

# 3M UnilLii= NG CleanTrace and CleanTrace swabs
Photomuifiplier based systemn / liguid stable chemistry / swab

' ] [}
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Performance Cntena:

Linearity, Sensitivity, Repeatability, and Accuracy

Linearity: Expression of predictability and reliability of the result.

Good Linearlty r= 030 Poor Linsarity r =020

Sensitivity: Smallest amount that can be detected above the
background of the system.
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Repeatability: Variation between measurements by the same
operator using the same test sample. Expression of consistency
and reliability of results.

Good Repeatability Poor Repeatabllity
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Accuracy: Recovery and detection of all available ATP in the
sample or on the swab.

Accurate Inaccurate
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Sensitivity:

Smallest detectable amount

Detection ATP

1000 100 10 5

BuConrol PvP & Ligherirs (.

M a—
Charmm MNovaluem & Packetiweh Phis _
Neagen AccuPoint.

Hygeena SystemSURE Plus & Ultrasnap

System

1

Hygiena SystemSURE Plus & Supersnap

Graph

Sensitivity is defined as the Limit of Detection. It is the smallest
amount deteciable above the background of the system.

0.1 Background noise is the signal detected by the systems in the
ahsence of ATP that can come from both the instruments (as
electrical interference) and the reagent swab devices ( as
chemical interference from impurities).

Signal — Background Noise = True meaningful result

A low background noise means a clear signal with little
interference that enables the detection of the lowest amount of
sample i.e. maximum sensitivity.

The graph shows the limit of detection (LoD) for each ATP fest
system

Best Performance
Hygiena SystemSURE Plus & Supersnap — LoD = .017 fmols

BioContrel Lightning MVFP & MVP swabs - LoD ~ 1.0
Hygiena SystemsSURE Plus & Ultrasnap - LoD ~ 1.0

Low Background High Blnllerumu
Good Seneitivity : Poor sensitivity
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Background noise is signal detected by the system when a blank device is
tested. Some systams like the Tharm Science Novalum build in a
background deduction formulation to compensate for the high background

noise resulting in poor sensitivity.
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3M NG & CleanTrace- LoD ~1.0

Poor Performance
Charm Science Novalum & Pocketswab Plus - LeD =100
Neogen Accupoint & Accupoint swabs - LoD =100
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Repeatability:

Variation between measurement by the same operator using Graph

the same test sample
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Variation is described by the term Coefficient of Variation
(CV%). The higher the CV% then the greater the variability
which means the results is less consistent and more
unreliable.

The overall variation across the whole range of ATP
@ measurements show;
Best Performance
hyglem Hygiena and Supersnap-CV =9

+100
s 3M =26% CV
+50 Hygiena and Ultrasnap = 28%CV
BioControl = 35% CV
+25 \ ‘ ‘ -
Bistances dram \ Poor Performance
o mel A /i . A Charm Science = 86% CV
.25 Neogen = 123% CV
-50 The graphs opposite from further detailed analysis reveals
18 even greater differences between systems.
=100 Thig iz particularly important at critical values of 10 and 100
IS ST RN VAT OTR CALAAEETF IR N T IR T EW PRI LT RN fmols ATP where recommended Pass / Fail limits are

Number of Test -10) par spilams
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usually set.

The graphs show that only Hygiena can consistentiy deliver
dependable resuits at low ATP levels that are required for
the maintenance of high standards of quality and safety.
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Repeatability:

At critical limits
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Variation is described by the term Coefficient of Variation
(CV%). The higher the CV3% then the greater the variability
which means the resulis is less consistent and more
unreliable.

The graphs opposite reveals large variations and differences
between systems at low ATP values (10fmols) that are
essential for high quality cleaning.

Best Performance
Hygiena and Supersnap — CV = T%CV

Hygiena and Ultrasnap = 10%CV
3M =17% CV

Poor Performance

BioControl = 53% CV

Neogen = 116% CV

Charm Science = 214% CV
AENTEIW The graphs show that only Hygiena can consistently deliver
dependable results at low ATP levels that are required for
the maintenance of high standards of quality and safety.
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Accuracy:

Recovery and detection of all available ATP to reflect the
true value of the sample

Graph
0, P
RE-I:OVEI‘Y of ATP on Swab [ &} ATP (at 100 fmols) was added to each test device and
measurements were made (using 10 replicates) to determine
200% how much of the available sample was actuslly detected. If
5 ) - 100% of the ATP was detected then the system is accurate
% High Variability and gives a true meaningful resulis.
150% Less than 100% means that only part of the sample was
125% o Low Variability detected due to some interference within the system. This
100% means that the systems does not give a true result and s not
75% accurate.
S0%
Best Performance
= Hygiena — 82% recovery
0%
B Variation BioControl = 71 = 137% ( highly variable)
Worst Performance
Note: Neogen Accupoint was not a part of this section of the study because of 3M - 52% recovery
the design of the test device. Performance in the other sections of the study Charm Science — £2%

indicate that recovery of sample would be poor.
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Precision and Accuracy:

Recovery and detection of all available ATP to give consistent reliable
results closest to the true value

— Hygiena
Precise Precise
Inaccurate Accurate
C D
-
—— BioControl

Charm & Neogen —

.
Imprecise

Imprecise
Inaccurate Accurate
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The target diagram opposite illustrates the
meaning of precision and accuracy. This
classification is used to describe the resuits
generated by thie comparative study. The
Hygiena system was the only system to be both
precise and accurate.

Best Performance
Hygiena SystemSURE Plus & Ultrasnap
displays precise, accurate resulis.

BioControl Lightning MVP & MVP swab
displays accurate resulfs, but is not precise.

3M NG & CleanTrace system is precise but only
detected 52% of the sample and is not
accurate.

Worst Performance
Charm HNovalum & Pocketswab Plus display
imprecise and inaccurate results.

MNeogen Accupcint & Accupoint swabs display
imprecige and inaccurate results.
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Results Summary:

ATP Detection

B B e e
Hygiena Hygena

in Slank Madmum Average Limit of - .
(Bacxground (at 1000 1CV%) getection Best Hygiena Hygiena
S ZBOATP) | MMosATP) (fmals ATR) Performance BicControl
M
BloContral MVP with 0382 283 975,941 k-] 1.1 Charm
Lightning swab Neogen
31 UniLRe NG with 0968 43 7336 % 13 BicCantral 3 BioControl
CleanTrace swat IM BicControl
Charm Novalum win 0.543 o~ 4135177 65 10.0 Worst Charm Charm Chamm
Focketzwab Fius Performance Neogen Neogen Neocgen
M
Hyglena SystemSURE 0368 ot 1599 P 1.0
Plus wim Ulirasnap .
swab New Technology, better system design =
Hyglena SystemSURE 0287 0 4340 3 017 BETTER PERFORMANCE
Filus win Suparsnap
swab
MEedgen AccuFant win 0978 o 15,648 " 123 10.0
Accupaint seaEb

High RLU output deoes not give better sensitivity or performance
* does not detect below 10 fmols at which level the instrument shows 0 RLU.
** not a genuine zera reading (limited instrument cutput)
T SystemSURE Plus is the only system with genuine low background that is linear

to zerc RLU
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Section 2:

Detection of Foodstuffs

Food Type: Ground beef or Pasteurised Milk

System Dilution of foodstuff detected

1:10 1:100 1:1000 1:10,000

Biocontrol
IM Unilite NG & CleanTrace
Charm Lum T & Pocketswab Plus

MNeogen AccuPoint

Hygiena SystemSURE Plus & Strasnap

Hypana SystemSURE Plus & Supersnap

Similar results obiained for orange
juice and mived green salad

Ground Beef Pilk

Sciﬁiene
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Evaluation of ATP systems in a simulated Food & Beverags
environment. This is just one indusiry that ATP systems are used to
monitor hygiene and contact surfaces.

Background Information:

4 food tems were chosen for this section of the study.

*Pasteurised milk

*Ground beef

*Orange juice

*Mixed green salad

4 food items were made into ligquid suspensions and alzo dried on to
a stainless steel surface to test for pickup and extraction capabilities.

Results:

Best Hygiena Hygiena Hygiena Hygiena
Performance BioControl M

M

Charmn

Neogen
Average Hygiena BioControl BioCaontrol
Performance BioControl Charm

M

Waorst Charmn MNeagen Charm
Performance MNeogen Neogen

3M
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Detection of Foodstuffs:

Variation and extractability

Extraction Efficiency

Senal Dilution of Foossius

Variation between systems with 1-10 dilution in Milk

oven pomex 3N, D
+100 o
Migh Dueistins
+T5
«50
+25 \
o g , \, Tn_l'l vu,
50
TS
-100

fchakmqe

(:orporaﬁon

Performance qualification:

The detection of reliably detect small amounts of food
residues on surfaces after cleaning is dependent on the
ability to detect all the available sample collected.

The extraction efficiency of the reagent swab device
determines the smallest amount of sample that can be
detected. The graph compares the exiraction efficiency of
each ATP system and shows thai the larger the dilution
factor then the more sensitive the systems.

Similarly the less variation in the system then the more
consistent and reliable the result.

*‘Best Performance
*Hygiena SystemSURE Plus & Ultrasnap with x10 higher
extraction efficiency and greatest consistency

*BioControl Lightning MVP & MVP
*3M NG & CleanTrace.

*Worst Performance
*Charm Movalum & Pocketswab Plus
*Neogen Accupoint & Accupoint swabs

MILK:

BioControl 20% 5T% 27% B61% 1%
am 0% 20% 16% 10% 13%
Charm 24% 3T% 8% ND ND
Hygiena / 15% 11% 10% 15% 0%"
Ultrasnap

Hygiena / 16% 11% 10% 43% 1%
Supersnap

Neagen 22% 15% ND ND ND

*AllRLYU =2 no CV%
ND = Not Detected
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Section 3 .o X y

Detection of Micro-organisms A / C?,/—_- .
ATP detection of Bacteria
0 [ P! 7 Background :
Hyglena Uity asnap | ATP systems are intended to detect very small amounts of organic

material on surfaces or in liquid samples. Micro-organisms are

Fagpuna Sop X organic and contain ATP but at much smalier amounts than

N foodstuffs. Micro-organisme contain different amounts of ATP
Charm dependent on the type of microbes, size and state of health. The
L —————— test cannot differentiate food ATP from microbial ATP.

O
Serial dilutions of 5 bacteria and 1 yeast culture were prepared and
Serlal Dilution of MicTo-0rganisms tested in each system to determine the limits of detection.

Results from Section 3: Detection of Micro-organisms

All organiems were detected and yeasts showed the highest : : —
amount of ATP because they were the largest. Staph aureus mm
showed lowsst amount of ATP. There was large variation in

Hygiena

results from all organisms but good linearity was shown by all Best Hygiena Hygiena Hygiena

systems. ATP systems can detect these micro-organism in Performance glfmmn' 3

the range of 10,000 to 100,000 cfu/ml shown by this study. Charm

This is generally not sensitive enough for most cleaning or Neogen

hygiene programs. Microbes multiply in organic matter and ) ) ) .

ATP systems verify that organic residues have been removed gi"a“éfr';,ol ;m&ol g:" i

s0 reducing the risks. Therefore ATP testingis not a M Charm Charm

replacement for microbial testing, but an additional proactive Charm

step in support of a complete food safety or hygiene safety

program. Worst MNecgen Neogen Neogsn
Performance
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Snapshot:

Universal ATP test device that makes ‘; L o Lo [ —
other systems better

Background:

The performance of Hygiena's liquid stable reagent technology in In the all section of the study, Snapshot demonstrated:

other luminometers was evaluated to see if Hygiena's new - Improvement in linearity

technology improved the performance of instruments of other - Improvement in accuracy

systems .Snapshot was tested against all the same criteria using - Increased sensitivity ( 2x to 30x fold)

ATP, foodstuffs and microbes. Results from the study - Reduction in background noise

showed that Hygiena's test device technology is the most superior - Improved repeatability and consistency (lower c.v.)

currently on the market. - Increased extractability of ATP

The Hygiena swabs collectively are more sensitive to ATP and

better at detecting low level food and cultures than all other

systems.” Sensitivity Results

et om ATP, Pt & Mo g [ sy sty it ottt 77|

Suppliers own swab Hygiena Snapshot
BioConfrol MVP 1.1 004
Improvement 3M UniLite NG 1.3 0.42
A E E m E Charm Novalum 10.0 5.0
Same

Performance

' "
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other systems.”

»5 commercial ATP detection systems were compared for
the detection and measurement of ATP, foodstuffs and
micro-organisms.

~All systems were shown to give a good linear response to
all 3 criteria, however there was a difference in the
sensitivity, repeatability and accuracy between systems.

»The most precise, accurate and repeatable systems was
the Hygiena SystemSURE Plus with either Ultrasnap or
Supersnap swabs.

#The least sensitive and most variable systems were the
Neogen AccuPoint and Charm Science NovalLum systems
with their respective swabs.

#The Snapshot Universal swab improved the repeatability
and sensitivity of the 3M UnilLite NG, BioConitrol MVP and
Charm Novalum luminometers.

»ATP hygiene monitoring is a cleaning verification test so
accuracy and congistency at low ATP levels iz crifical
Study shows that Charm and Neogen have the poorest

sensitivity and highest variability.

“The Hygiena swabs collectively are more sensitive to ATP
and better at detecting low level food and cultures than all

#Data confims that the SystemSURE Plus photodiode
based system is just as sensitive or more sensitive then the
other commercial photomultiplier tube based system.

FData shows that each system displays a different RLU for
any given sample. This could be confusing to users
comparing systems. It is clear that a larger RLU number
does not mean a more sensitive reading. Charm displayed
the highest RLU value result for each test and is one of the

least sensitive systems.

FAll ATP systems can detect micro-organisms, but at a
level of 10,000 — 100,000 CFU and this is generally a lot
higher then cleaning standards allow. Detection of micro-
organisms showed higher variation based on type and

quantity.
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