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1 INTRODUCTION AquaLab TDL

before operating Aqualab to ensure that the instrument performs to
its full potential.

1.3 Warranty

AqualLab has a 30-day satisfaction guarantee and a one year warranty
on parts and labor. Your warranty is automatically validated upon
receipt of the instrument. We contact you within the first 90 days of
your purchase to see how the TDL is working for you.

1.4 Seller’s Liability

Seller warrants new equipment of its own manufacture against de-
fective workmanship and materials for a period of one year from the
date of receipt of equipment.

Note: We do not consider the results of ordinary wear and tear,
neglect, misuse, accident and excessive deterioration due to corro-
sion from any cause as defects.

The Seller’s liability for defective parts shall in no event exceed the
furnishing of replacement parts Freight On Board the factory where
originally manufactured. Material and equipment covered hereby
which is not manufactured by Seller shall be covered only by the
warranty of its manufacturer. Seller shall not be liable to Buyer for
loss, damage or injuries to persons (including death), or to property
or things of whatsoever kind (including, but not without limitation,
loss of anticipated profits), occasioned by or arising out of the instal-
lation, operation, use, misuse, nonuse, repair, or replacement of said
material and equipment, or out of the use of any method or process
for which the same may be employed. The use of this equipment
constitutes the buyer’s acceptance of the terms set forth in this war-
ranty. There are no understandings, representations, or warranties
of any kind, express, implied, statutory or otherwise (including, but
without limitation, the implied warranties of merchantability and
fitness for a particular purpose), not expressly set forth herein.

AquaLab TDL 19 CERTIFICATE OF TRACEABILITY

19 Certificate of Traceability

METER Group, Inc.
2365 NE Hopkins Court
Pullman WA 99163 USA

Tel: 509-332-5601
Fax: 509-332-5158
support.food@metergroup.com

METER. Group, Inc. manufactures all AqualLab water activity me-
ters according to accepted international temperature standards with
traceable calibration.

National Institute

of Standards

and Technology

NIST

Your Aqualab is

calibrated to a

NIST traceable
temperature standard.
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2 ABOUT AQUALAB AquaLab TDL

2 About AquaLab

AquaLab is the fastest and most accurate instrument for measuring
water activity, giving readings in five minutes or less. Its readings
are reliable, providing +0.005 a,, accuracy. The instrument is easy
to clean and checking calibration is simple.

Note: UL has listed this product to applicable UL Standards and
Requirements.

2.1 AquaLab TDL Instrument Specifications

Sensor Type: Tunable Diode Laser and Infrared Temperature

Water Activity Accuracy: £0.005 @ 25 °C

Water Activity Resolution: 0.0001 a,,
Water Activity Range: 0.000 to 1.000 a,,

Water Activity Repeatability: £0.001 aq,

Read Time!: < 5 min.

Sample Temperature Control: 25 °C 15 to 50 °C (with calibration)

Sample Temperature Adjustment Increment: 1 °C

Sample Temperature Accuracy: +0.2 °C

Sample Temperature Resolution: 0.01 °C

Sample Dish Capacity: 15 mL full

Operating Environment: 4 to 50 °C; 0 to 90% Humidity non-condensing

Case Dimensions: 26.7 x 17.8 x 12.7 cm
Weight: 3.1 kg
Case Material: POLYLAC PA-765 (ABS) with fire retardant

Display: 64 x 128 Graphical

!On samples with no significant impedance to vapor loss.

AquaLab TDL 17 APPENDIX C

ous solutions. J. Res. National Bureau of Stds. A. Physics and
Chem. 81A:89-96.

Lang, A.R.G. 1967. Osmotic coefficients and water potentials of
sodium chloride solutions from 0 to 40 °C. Aust. J. Chem. 20:2017-
2023.

Robinson, R.A. and R.H. Stokes. 1965. Electrolyte Solutions. But-
terworths, London.
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2 ABOUT AQUALAB AquaLab TDL

2.4 AqualLab and Temperature

Samples not read at room temperature during the read cycle equi-
librate with the TDL temperature before the water activity is dis-
played. Large temperature differences cause longer reading times,
since TDL cannot make a complete and accurate reading until the
sample and the instrument equilibrate to within +4 °C. There are
several advantages in having a temperature-controlled water activity
meter. A few major reasons are:

1. Research purposes. Researchers can use temperature con-
trol to study the effects of temperature on the water activity of
a sample, make a comparison of the water activity of different
samples independent of temperature, and conduct accelerated
shelf-life studies or other water activity studies where temper-
ature control is critical. There are many shelf-life, packaging,
and isotherm studies in which temperature control would be
very beneficial. (See Section 14. Further Reading for more
information)

2. Compliance with government or internal regulations for
specific products. Though the water activity of most products
varies by less than +0.002 per °C, some regulations require
measurement at a specific temperature. The most common
specification is 25 °C, though 20 °C is sometimes indicated.

3. Minimization of extreme ambient temperature fluctu-
ations. If the environmental and Aqual.ab temperatures fluc-
tuate by as much as +5 °C daily, water activity readings vary
by £0.01 a,,. Temperature control eliminates variations due to
changes in ambient conditions.

AquaLab TDL 17 APPENDIX C

where M, is the molecular weight of water (0.018 mol/kg~!). When
equations 1 and 2 are combined a simplified equation for water ac-
tivity is obtained;

ay = exp(—¢ycMy,) (3)

For example, equation 3 gives the a,, in a 6 mol/kg NaCl solution,
(M, = 0.018 kg mol™!, ¢ 2, and = 1.271; from tables in Robinson
and Stokes, 1965) as

ayw = exp(—2 x 1.271 x 6 x 0.018) = 0.760 (4)

It is important to note that equation 3 has no explicit temperature
dependence. Available data on temperature dependence of « indi-
cates variation is less than £2% over the range 0 to 50 °C for NaCl
(Lang, 1967) and KC1 (Campbell and Gardner, 1971) and no other
terms have any temperature dependence.

A further advantage of unsaturated salts is that there is no solid
phase present to affect the water activity of the solution. Salt in sat-
urated solutions can exist in different states and result in uncertainty
in the water activity values.

Instructions for Using METER’s Verification Standards

Simply empty one vial of standard solution into a sample dish and
place the dish immediately into the AquaLab for measurement. Each
vial fills a sample dish to just less than half full. Table 6 shows the
expected values.

Note: If you need to obtain a Safety Data Sheet (SDS) for any of
these standards, a printable version is available on our website at
http://sds.metergroup.com,/.
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3 WATER ACTIVITY THEORY AquaLab TDL

WATER ACTIVITY - STABILITY DIAGRAM
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Figure 1: Water Activity Diagram adapted from Labuza

measures the sample temperature. From these measurements, the
relative humidity of the head-space is computed as the ratio of the
partial pressure measured by TDL to saturation vapor pressure at
the sample temperature. When the water activity of the sample and
the relative humidity of the air are in equilibrium, the measurement
of the head-space humidity gives the water activity of the sample.

In addition to equilibrium between the liquid phase water in the
sample and the vapor phase, the internal equilibrium of the sample
is important. If a system is not at internal equilibrium, one might
measure a steady vapor pressure (over the period of measurement)
which is not the true water activity of the system. An example of this
might be a baked good or a multi-component food. Initially out of
the oven, a baked good is not at internal equilibrium; the outer sur-
face is at a lower water activity than the center of the baked good.
One must wait a period of time in order for the water to migrate
and the system to come to internal equilibrium. It is important to
remember the restriction of the definition of water activity to equi-
librium.

AquaLab TDL 17 APPENDIX C

17 Appendix C

AquaLab Verification Standards
Application Note

Using Aqualab is easier then ever. Pre-packaged standard salt solu-
tions are immediately available for performance verification, saving
you time and money. Validation and documentation for GMP and
GLP has also become easier. Operate your instrument with cer-
tainty and insure the quality of your food product by using low cost
precision salt solutions.

No need to purchase and store reagent grade salts.

No additional laboratory equipment necessary.

Avoid solution handling and mixing errors.

Save technician time.

The AquaLab should be verified against a known salt standard daily.
For high use or batch processing, the instrument should be checked
regularly against a known salt standard of similar water activity.
Checking the water activity of a standard solution alerts the oper-
ator to the possibility of contamination of the unit or shifts in the
linear offset from other causes.

Now, you can verify AquaLab performance with confidence. Per-
formance Verification Standards come in seven water activity levels:
1.000, 0.984, 0.920, 0.760, 0.500, 0.250, and 0.150 a,,. The standards
are produced under a strict quality assurance regime by an indepen-
dent third party that verifies the standards and they are shelf stable
for one year. Order your calibration salt standard of similar water
activity today.

Uncertainties Using Saturated Salt Solutions

The water activity values listed in our operator’s manual for sat-
urated salts were reprinted from Greenspan (1977). His method for
determining water activity was to combine all of the available data
from tests by other researchers. He did not set up any experiments of
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3 WATER ACTIVITY THEORY

AquaLab TDL AquaLab TDL

15 APPENDIX A

Table 4: Water Activity of Selected Salt Solutions

Saturated Solution aw at 20°C aqw at 25°C
Lithium Chloride 0.113 +0.003 | 0.113 +0.003
Magnesium Chloride | 0.331 £0.002 | 0.328 +0.002
Potassium Carbonate | 0.432 £0.003 | 0.432 40.004
Magnesium Nitrate | 0.544 +0.002 | 0.529 +0.002
Sodium Chloride 0.755 +0.001 | 0.753 +0.001
Potassium Chloride | 0.851 4+0.003 | 0.843 +0.003
Potassium Sulfate 0.976 £0.005 | 0.973 £0.005

Note: Table 4 adapted from Greenspan (1977). Rounded to

nearest thousandth.

4. Saturated salt solutions are very temperature-sensitive and their
values are not as accurate as the verification standards offered

by METER.
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3 WATER ACTIVITY THEORY AquaLab TDL

3.4 Sorption Isotherms
Relating Water Activity to Water Content

Changes in water content affect both the osmotic and matric binding
of water in a product. Thus a relationship exists between the water
activity and water content of a product. This relationship is called
the sorption isotherm, and is unique for each product. Besides being
unique to each product, the isotherm changes depending on whether
it was obtained by drying or wetting the sample. These factors need
to be kept in mind if one tries to use water content to infer the
stability or safety of a product. Typically, large safety margins are
built into water content specifications to allow for these uncertainties.

While the sorption isotherm is often used to infer water activity
from water content, one could easily go the other direction and use
the water activity to infer the water content. This is particularly at-
tractive because water activity is much more quickly measured than
water content. This method gives particularly good precision in the
center of the isotherm. In order to infer water content from water
activity, one needs an isotherm for the particular product. METER
sells an Isotherm Generator called the AquaLab Vapor Sorption Ana-
lyzer (VSA) or you can also have METER run the isotherm for a fee.

For example, if you were using the AquaLab to monitor the water
content of dried potato flakes, you would measure the water activity
and water content of potato flakes dried to varying degrees using the
standard drying process for those flakes. You could then use that
data to construct an isotherm and infer the water content using the
measured water activity of samples and that isotherm.

We cannot overemphasize the importance of the concept of water
activity for foods, pharmaceuticals, and cosmetics. Water activity
is a measure of the energy status of the water in a system. More
importantly, the usefulness of water activity in relation to microbial
growth, chemical reactivity, and stability over water content has been
shown.
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4 GETTING STARTED AquaLab TDL

4.3 Preparing AquaLab for Operation

After finding a good location for your AquaLab, plug the power cord
into the back of the unit. The ON/OFF switch is located on the
lower left corner of the Aqualab back panel. When the AqualLab
is turned on, you should see a model name/number screen and then
the main Measurement screen.

Warning: Only use the supplied power cord or one rated for your
AquaLab 4 and certified for the country of use. The cord must be
minimum of 18 AWG and have a rating for 10 Amps or greater.

|Measurement [ ]| Z3EPH
0.0000 dw
oL 0.00°C

0:00) CRE

The Measurement screen shows the water activity (a,,) in the middle
of the screen, directly above the sample temperature.

Note: Allow your AquaLab a 15 minute warm-up period to ensure
the most accurate readings.

If you have users set up, the User screen appears instead of the
Measurement screen. (See Section 5 for more information on ad-
ministrative settings and user setup.) Select the appropriate user to
begin.
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5 MENUS AquaLab TDL

5 Menus

At the top of the display screen there are three tabs: Measurement,
Configuration, and Data. These tabs indicate the three menus you
can access. To change between the tabs press the right most button
below the document icon.

Measurement Configuration Data

| \ |

|Measurement [] 2:3E6PH
0.0000 dws
0.00°C

TOL
B

"Enter" Toon Document Teon

The enter icon is the Read or Enter button. Once the latch is set
to the Read position, the document icon switches to an “X” icon,
which allows the user to stop the current reading. During a reading,
pressing Enter again restarts the reading.

5.1 Measurement Tab

The Measurement tab, as seen above, is the main screen which dis-
plays each time you turn on your AquaLab. If this screen does not
appear, refer to Section 12 for troubleshooting instructions. As men-
tioned earlier, the water activity and sample temperature are dis-
played on the screen.

Pushing the right or left arrow keys changes the display to a tem-
perature Equilibrating screen. This screen shows the temperature
difference between the sample temperature and the lid temperature.
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5 MENUS AquaLab TDL

Calibration
Water Actiwity

AMoisture

) (%)

Temperature

The default temperature is 25 °C. Press the Enter button to change
the temperature setting. The Aqualab may be set between 15 and
50 °C by 1.0 °C intervals. Using the up and down arrows, set the
Aqual.ab to your desired temperature and press the save button.

Temperature

25°0

-

= ]

Temp Eq

The Temperature Equilibration option allows you to set the level
of temperature equilibration desired before the water activity mea-
surement begins. The range is 0.5 to 4.0 °C. A setting of 4.0 °C
begins the measurement immediately (assuming the sample is not >
4.0 °C above or below the block temperature). A setting of 0.5 °C
causes the instrument to wait until the sample temperature is within
< 0.5 °C of the block temperature before starting the water activity
measurement.
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AquaLab TDL 14 FURTHER READING

Marin, S., V. Sanchis, I. Vinas, R. Canela, and N. Magan. 1995.
Effect of water activity and temperature on growth and fumonisin
B-1 and B-2 production by Fusarium proliferatum and F. monili-
forme on maize grain. Lett Appl Microbiol 21:298-301.

Monsalve-Gonzalez, A., G.V. Barbosa-Canovas, and R.P. Cavalieri.
1993. Mass transfer and textural changes during processing of apples
by combined methods. Journal of Food Science 58:1118-1124.

Pinsirodom, P., and K.L. Parkin. 2000. Selectivity of Celite-immobilized
patatin (lipid acyl hydrolase) from potato (Solanum tuberosum L.)
tubers in esterification reactions as influenced by water activity and
glycerol analogues as alcohol acceptors. J. Agric. Food Chem.
48(2):155-160.

Tapia de Daza, M.S., C.E. Aguilar, V. Roa, and R.V. Diaz de Tablante.
1995. Combined stress effects on growth of Zygosaccharomyces rouxii
from an intermediate moisture papaya product. Journal of Food Sci-
ence 60:356-359.

Zeb, A., R. Khan, A. Khan, M. Saeced, and S.A. Manan. 1994. Influ-
ence of crystalline sucrose and chemical preservatives on the water
activity and shelf stability of intermediate banana chips. Sarhad
Journal of Agriculture 10:721-726.

Zhang, X.W., X. Liu, D.X. Gu, W. Zhou, R.L. Wang, and P. Liu.
1996. Desorption isotherms of some vegetables. Journal of the Sci-
ence of Food and Agriculture 70:303-306.

Baked Goods and Cereals

Abellana, M., A.J. Ramos, V. Sanchis, and P.V. Nielsen. 2000. Ef-
fect of modified atmosphere packaging and water activity on growth
of Eurotium amstelodami, E. chevalieri and E. herbariorum on a
sponge cake analogue. Journal of Applied Microbiology 88:606-616.

Aramouni, F.M., K.K. Kone, J.A. Craig, and D.Y.C. Fung. 1994.
Growth of Clostridium sporogenes PA 3679 in home-style canned

83



61

“)s99 Teuy o) Jo onfea oy} syrodar pue sdojys 31 uayy ‘v 100’ OF UIYIIM
$1S97 SATINIASUOD INOJ SPIOIAI 1 [IJUN $)S9% UNI O} SONUIUOD JUSTILIIS
-ur AU, “™p Q0 0F UIYIM 9 SIS0} SATINIISUOD INOJ AR 0} 9SO0UD
uRd ISUWIOISNO 9} ‘90URISUL 10 "SUII}OS A[IQRIS AJTAIJOR I9)RM TOALS
® UIYIM 9 0} juem Ad() SS9 DAINOOSUOD AURW MOY SOUIULIDIOP
JOSTL O], ‘PoAdIydR SI AJ[Iqe)s JO [0A9] poIIsep ® [rpun sowr) o[dry
- peal oq 01 opdures ® SMO[[e opowWl WOIS)) :BPOJN WOISN

"9IeMJOS J urTenby oY) 03 prO[UMOD 9POW SNONUIIU0D SULINP U}
sgurpeai e ‘(1] uoI09g 99G) § urTenby Suisn 1ondurod ® 01 pajosu
-uod st qerTenby J] (MO[9q 9ARG OINY 99S) PIYIA[OS ST DINIRIJ DARS
091e 979 JT ATOWSW JUSWILISUL 97} UO POARS 918 9POUW SNONUIIUO0D SUT
-INP UdYR} SSUIPRII [[Y OWI) PRSI SAIJR[IIUND S} SHIRI) USDIDS 91}
JO 1JO] W0J30q |} UO W} Yy "SSUIPLII Usom)oq Ul JoqUIRYD oY) SPIS
N0 JUSUIUOIIAUS ST} YIIM 9SURYDXS sIn)stout Jo Aiqrssod o) sojeu
-TwiIe opowt SIy I, “sdeoq Yjim NoA S[RUSIS aulyorw o) ‘so[dures usomy
-og -Iosn oy} wogj ndur IoylIng Jnoyim 9[0Ld prel I9JouR SUISa(
uor) ‘ernjeroduwe) pue £)1ar)or 1ojem o) sAefdsip ‘ojdures oty speal
qeTenby -uojng dogs sty Sursn 4599 a3 dojs 10 PI oquuIeyp o) uado
noA [run ojdures IMoA Speal opou SNONUNUO)) :DPOJA Snonuruo))

‘99108 oY) uo Aedsip amjersduey
pue £)IAI30R I9JeM O} PUR POYSIUY SI 11 )R} NOA SOYIJOU JUSWINIISUL

oY} YOTYM Io3Je ‘9ouo o[duwres a1} Speal opoul 9[SUIS PO I[SuIs

‘uoInq aaes oy} Jurysnd Aq opouwr 3ury)
-} MO] I0 ‘WOISTD ‘SNONUIUO0D ‘O[SUIS UMD 9SO00YD ARUI SI9S[)

9POIN

(%1 []

1O

b3 dwa)

SANAN ¢ TAL qeTenby

¢8

FIZ-C0C:9€ UoIRasSaY S1oNPOIJ Pololg JO [ewInor
‘more[NWNdOR Tg ulsimownj uo joedwl pur RIOPJOIAW 9zlewl U0 Aj1

-ATIOR Iojem pue sojeuctdord Jo 90oJe OAI0S[RS (007 SIYOURS "A
pue ‘sowrey ‘Y ‘RPUR)) Y ‘RUR[[OQY N URSRN N S ‘ULIRJN

"6TP-ET7:9C 1M SOY POOq "swa)sAs pooy
Ul SHUSIPAIFUI SB SHILIJ oInjsIow poonpal jo sorredord jeuorjounyg

‘66T O[04I L) PUR ‘0110A0Ig ' ‘TURISIOLIO], (T “"{ ‘TUI RN

"QGT 9OULISJUO)) [3F ‘SISIS0[OUYI], POO JO
9NYIISUT JO SGUIPIDIOIJ 'SO[qRIOFIA POJRIPAYOP UI 9INISIOW JO UOTY

-RUIULIONOP OY) 10] POYIOW MU Y "C€FGT "SIOAIN 'S PUR g ‘TomONRBIA

‘085791469 9dualbg pooq
Jo Tewno -eoind OFURA UI I[IRQ SOOATWOIRYDIIRSOSAY JO 90RJIDIUI

[1M0I130U /TIMOI3 9} SUIPPOIN ‘000 Tored " pue 'y ‘ofejN-zodo]

"¥,-GG:(¢ SULIQUISUY POO JO [RUINO[ "SO[(RIDTIA
owos Jo uor}dIosop JO 18O PUR JUOIU0D dINISIOW WNLIGIMDY €661
"SLINOY-SOULIRIN (] PU® ‘TwesT, " ‘SINOIRIN "g'7 I, ) ‘SIPnourIry

‘96-T6:(T)g¥ Surmeau
-ISUY [RINYMOLISY URIPRUR,) “SOLLId( PUR SWOOIYSIUL POLIP 0ZddIJ

jo Ayampoe 13RA\ 000 THRY "D PUR ‘UOSSRrD ‘[ 'S ‘GNof[ety]

Tev-L17+6C
A30[01qOIDIJA] POOA JO [eUINO[ [BUOIPEUIDIU] ‘So10ads WNLIesn 9911}
Aq w10 UT dUOUL[BIRSZ JO UoIonpoId o} Uo sinjeradurs) pue AJIA110R
I9oyem JO 9OUONYU] "9GGT ‘ZOPURUIOY "¢ PUe ‘Zoue[N "N I\ ‘ZoUowlp

"LOPT-GOPT:LG 9oUalog POO JO Telmor
‘orddesurd pue oSuewr ‘eaeng jo surreyjost uorydiospe rodea IojeA\

"T661 "Zereng ') pue ‘elLNIy ‘(Y ‘Ieseusiy D N ‘eSuiqny

P86 (9)FF Sunigey -eom( oSurio
Po1RIJUSOUOD JO SUTUMOI( IJTWAZUSUOU U0 AJIATIOR I9)eM PUR SPIOJ[0D

-OIPAY aWOos JO $109H "000g ‘USIY ‘S pue ‘Irmepzn)) ) ' q ‘sndor)

TdL qeTenby ONIAVHY YHIHIYNA 71



5 MENUS AquaLab TDL

If you turn auto save on, all test readings save to the instruments
memory, but only the final reading appears on the main Measure-
ment screen. If you keep the TDL connected to a computer using
AquaLink 4 (See Section 11: Computer Interface), all readings taken
during a custom mode test download to the AquaLink 4 software.

On the Mode screen at the top of the page is the current mode
settings with the number of tests appearing first, followed by the sta-
bility value (Aay, ). Pressing Enter with the custom mode highlighted
allows you to change the number of tests and stability settings.

Mode: <0.00033,,
Single
Continuous
Custom...

Low Emitting...

| S—

= ]

To change the number of readings, use the right/left arrow buttons
to highlight the number under Readings, and then use the up and
down buttons to change to any value between 2 and 9.

Custom
Readings= Svay,

F 00010 a,

=

To change the stability setting, use the right/left arrow buttons to
highlight the number under (Aa,), and then use the up and down
buttons to change to any value between 0.0005 and 0.0200. To save
the settings and finish, press the save button (to exit without updat-
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probiotic bacteria. Australian Journal of Dairy Technology 55(3):127-
131.

Shimasaki, T., K. Miake, Y. Tsukamasa, M.A. Sugiyama, Y. Minegishi,
and H. Shinano. 1994. Effect of water activity and storage tempera-
ture on the quality and microflora of smoked salmon. Nippon Suisan
Gakkaishi 60:569-576.

Untermann, F., and C. Muller. 1992. Influence of a, value and
storage temperature on the multiplication and enterotoxin forma-
tion of staphylococci in dry-cured raw hams. International Journal
of Food Microbiology 16:109-115.

Williams, S.K., G.E. Rodrick, and R.L. West. 1995. Sodium lactate
affects shelf life and consumer acceptance of fresh Catfish (Ictalu-
rus nebulosus, marmoratus) fillets under simulated retail conditions.
Journal of Food Science 60:636-639.

Fruits and Vegetables

Ayub, M., R. Khan, S. Wahab, A. Zeb, and J. Muhammad. 1995.
Effect of crystalline sweeteners on the water activity and shelf stabil-
ity of osmotically dehydrated guava. Sarhad Journal of Agriculture
11:755-761.

Beveridge, T., and S.E. Weintraub. 1995. Effect of blanching pre-
treatment on color and texture of apple slices at various water activ-
ities. Food Res Intl 28:83-86.

Clavero, M.R.S., R.E. Brackett, L.R. Beuchat, and M.P. Doyle. 2000.
Influence of water activity and storage conditions on survival and
growth of proteolytic Clostridium botulinum in peanut spread. Food
Microbiology 17(1):53-61.

Fouskaki, M., K. Karametsi, and N.A. Chaniotakis. 2003. Method
for the determination of water content in sultana raisins using a wa-
ter activity probe. Food Chem 82:133-1337.
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5 MENUS AquaLab TDL

between the month, day and year. Press the up or down arrows to
change any of the individual values.

ODate

riay 05, 2008

= (%)

Time

Pressing Enter with the Time option highlighted allows you to set
the current local time. Press the up or down arrows to change any
of the individual values. Press the left or right buttons to change

between hour and minutes. The hour setting automatically changes
between AM and PM.

Time

m_ﬂ_u_:

=

Regional Formatting

Allows you to configure how Aqualab TDL displays information.
You may choose the temperature scale (Celsius vs Fahrenheit), the
date display (mm/dd/yy vs. dd/mm/yy), the hour format (12 vs 24
hour) and the language.
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Rocha-Garza, A.E., and J.F. Zayas. 1996. Quality of broiled beef
patties supplemented with wheat germ protein flour. Journal of Food
Science 61:418-421

Sabadini, E., M.D. Hubinger, P.-J.d.Sobral, and B.C. Carvalho, Jr.
2001. Change of water activity and meat colour in the elaboration
process of dehydrated salted meat. Ciencia e Tecnologia de Alimen-
tos 21(1):14-19.

Shimasaki, T., K. Miake, Y. Tsukamasa, M.A. Sugiyama, Y. Minegishi,
and H. Shinano. 1994. Effect of water activity and storage tempera-

ture on the quality and microflora of smoked salmon. Nippon Suisan
Gakkaishi 60:569-576.

Untermann, F., and C. Muller. 1992. Influence of a, value and
storage temperature on the multiplication and enterotoxin forma-

tion of staphylococci in dry-cured raw hams. International Journal
of Food Microbiology 16:109-115.
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affects shelf life and consumer acceptance of fresh Catfish (Ictalu-
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Dairy Products

Clavero, M.R.S., and L.R. Beuchat. 1996. Survival of Escherichia
coli O157:H7 in broth and processed salami as influenced by pH, wa-
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Appl Environ Microbiol 62:2735-2740.

Correia, R., M. Magalhaes, M. Pedrini, A. da Cruz, and I. Clementino.
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39:251-256.
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5 MENUS AquaLab TDL

and delete functions.

Access
Inlock Al

Lock Al
i Temperature
i Calibration

L Tean Paull

y [ — ]

=

User Setup
Administrators can add, edit, or delete users from this screen. An

alphabet screen appears where you can enter a name using lower
case, upper case and accents.

Mare

me
a
L
T
7

Note: User setup is not required for instrument operation. It is in
place for users wanting to be compliant with 21 CFR Part 11 or who
want to maintain the settings they have selected.

Auto Save

AquaLab TDL models have the ability to store water activity read-
ings within the instrument. By selecting Auto Save “On,” the instru-

24
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and temperature on the growth of osmophilic yeasts. Turkish Jour-
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Meat and Seafood
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mer. 2007. Evaluation of high humidity and wet marinade methods

for pasteurization of jerky. Journal of Food Science. 72:C351-C355.

Chen, H.C. 1995. Seafood microorganisms and seafood safety. Jour-
nal of Food and Drug Analysis 3:133-144.
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5 MENUS AquaLab TDL

Diagniostics
Lid: 25.20°C
Basze: 25.24°C
Sample: 25.12°C
LaserT: 2EE2C
LazerI: 289 3mb

1-:“

Diagniostics

Fressure: 39222 kPa
0f f=zet: +*0.0000 a,,

u:-h

About

This screen provides important information including the serial num-
ber and code version of your instrument.

About

SN 540001234

Wersion: ASATOL 2.09.18
@2014 DECAGON
Decagon Dewices, Inc.

(4]
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5 MENUS AquaLab TDL

Data - Samplet
07457 a,, m

25.23°C 2.5 min
Hdmin 05,0508
TOL 3:5EAM

TarTd [+

The information shown is the water activity of the sample, the tem-
perature, the test time, the user who ran the test (if setup), the date
of the reading, the time the reading was taken, and the sequence num-
ber of the stored reading. The up and down arrows scroll through
readings.

Delete

Selecting this option deletes all of the information currently stored
in the instrument. If you have not backed up this information with
AquaLink 4, TDL reminds you in the delete screen.

Oelate

some readings hawen't been
backed up. Delete all data
from memary™

(] (%)

Note: It is impossible to recover deleted data.
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6 CLEANING AND MAINTENANCE AquaLab TDL

Purpose

The purpose for the cleaning procedure is to remove grease, dirt
and other soluble substances which can absorb or release water dur-
ing verification, calibration, and/or sample testing. For the TDL
and the IR sensor to perform well, they must be clean and free from
contaminants (e.g. fingerprints).

When to Clean

The instrument should be cleaned if visual inspection indicates the
chamber is dirty or as instructed in Table 1 on page 35.

Cleaning Supplies

Your new instrument comes with the AquaLab Cleaning Kit. The
AquaLab Cleaning Kit comes with all the materials needed to clean
the instrument for about a year. Every time you send in your instru-
ment for the annual calibration service, you receive a new cleaning
kit. The AquaLab Cleaning Kit contains the following supplies.

Spatula (a thin plastic rod)
Deionized Water

Cleaning Solution
Kimwipes®

Note: Wash your hands with soap and water and use clean lab gloves
before starting the cleaning procedure. This prevents oils from con-
taminating the cleaning materials, the sample chamber, or the sen-
sors.

Note: You can substitute isopropyl alcohol for cleaning solution.

6.1 Cleaning the Block Sensors
Accessing the Sample Chamber

Turn the power off on your AqualLab. If latched, move the lever
over to the open position. Lift the chamber cover to expose the sam-
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6 CLEANING AND MAINTENANCE

AquaLab TDL

2. Clean the TDL

(a)
(b)

()

(d)
()

Wrap a NEW Kimwipe around the end of the spatula and
moisten it with cleaning solution.

WASH — Swipe the moistened Kimwipe across the TDL
emitter and detector lense once. (A single swipe is usually
sufficient to remove contaminants.)

RINSE — Repeat steps a through b using new Kimwipes
moistened with deionized water instead of cleaning solu-
tion.

DRY — Repeat steps a through b using a new, dry Kimwipes

to help remove any moisture remaining from the cleaning.
Visually inspect the components for cleanliness. Clean
again if necessary.

3. Clean the IR Sensor

(a)
(b)

()

(d)

()

Wrap a new Kimwipe around the end of the spatula and
moisten it with cleaning solution.

WASH — Swipe the moistened Kimwipe across IR Sensor.
(A single swipe across the sensor is usually sufficient to
remove contaminants.)

RINSE — Repeat steps a through b using new Kimwipes
moistened with deionized water instead of cleaning solu-
tion.

DRY — Repeat steps a through b but use a new, dry
Kimwipe to help remove any moisture remaining from the
cleaning.

Visually inspect the IR Sensor for cleanliness. Clean again
if necessary.

4. Additional Drying Time

(a)

(b)

Visually inspect the sample chamber and sensors for con-
taminants, including moisture. If necessary, repeat the
cleaning process using new Kimwipes.

Let stand for at least five minutes to ensure the sample
chamber is dry.
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7 VERIFICATION AND CALIBRATION AquaLab TDL

7 Verification and Calibration

It is important to verify Aqualab water activity calibration against
known standards to guarantee optimal performance and accuracy.
METER recommends verification daily, once per shift or before each
use. METER also recommends annual factory calibration to main-
tain optimal performance.

Note: To avoid inaccurate water activity readings, verification stan-
dards should be used once immediately after opening and not stored
in sample cups for repeated use.

7.1 Water Activity Verification

AqualLab uses the TDL technique to determine water activity. Be-
cause this is a primary measurement of relative humidity, no calibra-
tion is necessary; but we recommend periodic verification for linear
offset. The components used by the instrument to measure water
activity are subject to contamination which may affect the AqualLab
performance. When this occurs, it changes the accuracy of the in-
strument. This is what is called a “linear offset.” Therefore, frequent
verification assures you that your Aqual.ab is performing correctly.
Linear offset is checked by using two different verification standards.

Verification Standards

Verification standards are specially prepared unsaturated salt solu-
tions having a specific molality and water activity value which are
accurately measurable. The verification standards that were sent
with your initial shipment are very accurate and readily available
from METER. Using verification standards to verify accuracy can
greatly reduce preparation errors. For these reasons, we recommend
using standards available through METER for the most accurate
verification of your Aqualab performance. Performance Verifica-
tion Standards come in six water activity levels: 1.000, 0.984, 0.920,
0.760, 0.500, 0.250, and 0.150 a,. The standards are produced un-
der a strict quality assurance regime. Please contact METER to
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5. On the RMA form, please verify the ship to and bill to infor-
mation, contact name, and problem description. If anything is
incorrect please contact a METER representative.

6. Tape the box in both directions for added support.

7. Include the RMA number in the attention line on the shipping
label.

Ship to:

METER Group, Inc.

ATTN: RMA (insert your RMA #)
2365 NE Hopkins Court

Pullman, WA 99163

13.1 Repair Costs

METER repairs manufacturer defects and instruments within the
one year warranty at no charge. We bill non-warranty repair charges
for parts, labor and shipping to you and may charge an extra fee
for rush work. METER can provide an estimated repair cost, if
requested.

13.2 Loaner Service

METER has loaner instruments available to keep you measuring wa-
ter activity while your instrument is being serviced. Please contact
customer support for pricing and availability of loaners. If your
AqualLab is being serviced under warranty, you qualify for a free
loaner.
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7 VERIFICATION AND CALIBRATION AquaLab TDL

of unit contamination or shifts in the linear offset from other causes.

Follow steps 1 through 8 to verify for linear offset of your AqualLab.
(Refer to Figure 3: the Verification Standard Flowchart for a quick
overview.)

1. Choose a verification standard that is close to the water activ-
ity of the sample you are measuring.

Note: The AquaLab needs to warm up for approximately 15
minutes to make accurate readings.

2. Empty a vial of solution into a sample cup and place it in the
TDL testing chamber. Make sure that your standard is as close
to the instrument temperature as possible. See Section 8 for
detailed instructions.

Note: Make sure the rim and outside of the sample cup are
clean and the standard covers the bottom.

3. Carefully close the lid and move the lever to the Read position.

4. Take two readings. The water activity readings should be
within £0.005 a,, of the given value for the verification stan-
dard. See Appendix B for the correct water activity value of
METER’s standards at temperatures other than 25 °C.

5. If your AqualLab is reading within £0.005 a,, of the verification
standard, choose a second verification standard that would bor-
der the range of water activity you plan to test. For example,
if you plan to test for water activity readings ranging between
0.713 and 0.621 you should use the 8.57 mol/kg LiCl (0.50 a,)
standard for your first verification and the 6.00 mol/kg, NaCl
(0.76 a,,) for the second verification.

6. Prepare a sample cup of the second verification standard and
take two readings. The second water activity reading for the
second verification standard should be within £0.005 a,,.

7. If either of the verification standards is not correct, it is prob-
ably due to contamination of the sensor chamber. For cleaning
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are within the scope of the selected moisture sorption
isotherm model.

Diagnostic Screen

If, after cleaning your instrument and reading the other troubleshoot-
ing hints, you have reason to believe that one of the components of
your AquaLab may be causing measurement error, you may access a
screen that displays values for component performance. Customers
can access this Diagnostics screen by navigating to the Configura-
tion tab and then by scrolling down to the diagnostics option. Press
Enter and the TDL gives you a list of components and their values.

Diagniostics
Lid: 25.20°C E

Basze: 25.24°C
Sample: 25.12°C
LaserT: 266370

Lazerl: 2293mY H

Diagnostics S=0.407E
Of fset:25°0: +0.0000 ay, m

Fressure: 92383 kPa
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7 VERIFICATION AND CALIBRATION AquaLab TDL

ibration is the first option highlighted in the Configuration tab.
Press the Enter icon button to begin the verification process.
The on screen commands guide you through the linear offset
routine. The Calibration screen prompts you to start.

Calibration

Sensor: TOL =
Type: Offzet

Oefaults

@ X

. Press the Enter button to start the linear offset process. To re-
turn to the Configuration Screen, press the Cancel button. Af-
ter pressing the Enter button, the Calibration screen prompts
you to insert a fresh standard and seal the chamber.

Calibration

Insert a fresh s=tandard
and =zeal the chamber.

(+#) (%)

3. Empty the whole vial of solution into a sample cup. We rec-

ommend using the 6.00 NaCl (0.76 a,,). Do not adjust for the
offset using steam distilled water. Ensure the rim and outside
of the cup are clean. Place the sample cup in the TDL sample
chamber.

Note: You may use the same wverification standard to verify
and adjust the linear offset.
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SOLUTION:

1. On the measurement screen, toggle to the correct model us-
ing the up and down arrow keys. The moisture content value
updates to correspond with the model you select.

2. If the correct model is not available, the model may not be
loaded on the instrument.

(a) To determine which models are loaded on the instrument,
cycle to the Configurtation tab, select %Moisture and then
the loaded models appear.

3. If the correct model is not available, load the appropriate model
using AquaLink 4 Software. The Aqualab TDL can hold a
total of 100 models at any one time. You may need to re-
move a model using the Software or use the delete option in
the %Moisture Calibration menu before you can add a new
one. Any model that you remove from the instrument with
AquaLink 4 stores in the software to use later.

12. PROBLEM:
Moisture Content displayed is not correct.

SOLUTION:

1. Model selected may not be correct for the product being tested.

(a) Toggle through the available models to find a more appro-
priate model.

(b) If the model is correct but not giving correct moisture con-
tent values it may be necessary to generate a new model
for the product or update an existing model. For infor-
mation about generating a model, contact METER for
updating a model.

13. PROBLEM:
Moisture content does not show up on the screen.

SOLUTION:
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7 VERIFICATION AND CALIBRATION AquaLab TDL

instrument from one of our international distributors, please contact
them for local service and support.

Note: A linear offset does not adjust the calibration for all water
activity levels and should only be used if the user intends to measure
water activity in a very small range.

Multi-Point Calibration for New Temperatures

1. The AquaLab TDL is optimized for performance at specific
temperatures. If testing is to be conducted at new tempera-
tures, an updated calibration will be needed. If a temperature
setting that has not been used previously is chosen, an error
message will appear instructing the user that the calibration
needs to be updated.

Note: Factory calibrations performed by METER are locked
and cannot be updated with a multipoint calibration, only with
a linear offset as outlined above.

This update can be either a 1 point linear offset (see instruction
for adjusting for linear offset) or a multi-point update, which
requires reading multiple water activity standards.

Mi==ing a,, calibration!

An a,, calibration is required
at 20°C before taking
measurements!

(4]

2. Change instrument temperature setting to desired testing tem-
perature.

3. You will need 0.25 a,,, 0.50 a, 0.76 a, and 1.00 a,, unsatu-
rated salt standards from METER to proceed with multi-point
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5. PROBLEM:
Verification is not correct.

SOLUTION:

1. The sample chamber and components need to be cleaned. See
Section 6 for detailed cleaning instructions. If verification is
still not correct, then linear offset has occurred.

2. Verify and Adjust for Linear offset. After you have cleaned the
sample chamber and components you need to use a Verifica-
tion Standard to verify and adjust for Linear offset as Section
7 describes.

6. PROBLEM:
Message on screen displays the following;:

Error
Crystal Failure. See Manual
for options.
(]
SOLUTION:

The crystal that runs the firmware is having trouble starting. Oc-
casionally, cycling the power solves the problem. If this message
continues to appear, METER needs to service the instrument. See
Section 13 for detailed instructions.

7. PROBLEM:
Message on screen displays the following:
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7 VERIFICATION AND CALIBRATION

AquaLab TDL

9.

10.

11.

After your AquaLab has finished measuring the verification
standard, a new screen will appear requesting that a 0.50 a,
standard be placed in the chamber. Repeat steps 6 through 7
for 0.50, 0.76, and 1.00 a,, standards.

Note: If you decide at this point not to continue with the linear
offset program, just return the lever to the Open position or
press the cancel button and you will be returned to the previous
screen.

When measurements are complete on all four standards, a ver-
ification complete screen appears showing the testing results
for each standard.

Werfication Complete

Standard Read Error g
0.250 0.254 0.004
0.500 0432 -0.0038
0.7&0 0757 -0003 3

CRREGRED

Werfication Complete

Standard Read Error 5
1.000 1.002 +0.002

O & )

Pressing the X button will cancel the calibration process while
selecting the Check Mark will bring up the optimize prompt.
You can toggle the audio icon to turn beeping on and off.
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AquaLab TDL

12 TROUBLESHOOTING

back of the instrument and it is plugged into the power outlet.

2. A power surge may have caused a fuse to blow. To change the

fuses, follow instructions a through d.
(a) Unplug the power cord.

(b) Locate the panel where the power cord plugs in. The fuse
box is on the right side of that panel. Press in on the
release tab and pull the fuse-holder out. Pull the broken
fuse(s) out and replace with a 1.25-A 250-V fuse.

Caution: Do not use any other kind of fuse or you
risk damage to your instrument as well as void
your warranty.

(¢) Replace the fuse-holder and push it into the fuse-well until
the release tab snaps in place.

(d) Connect the power cord and turn your instrument on. If
the fuse blows again, a failed component may be causing
the problem. Contact METER to make arrangements for
repairs. (See Section 13)

2. PROBLEM:
Readings are slow or inconsistent.

SOLUTIONS:

1.

The sample chamber may be dirty. Refer to Section 6 for di-
rections on cleaning the sample chamber.

. The temperature difference between the sample and the block

chamber may be too great. The sample must equilibrate to
instrument temperature before a making a fast and accurate
reading. (Refer to Section 8)

Some products absorb or desorb moisture very slowly, causing
measurements to take longer than usual, and nothing can be
done to speed up the process. Refer to Section 8 for further
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7 VERIFICATION AND CALIBRATION AquaLab TDL

15.

16.

17.

To discard the calibration changes and exit without saving,
press the X button and the system will return a calibration
canceled message.

Calibration

Calibration Canceled

[+#]

Measure a 0.76 a,, verification standard again in normal sam-
pling mode. It should read the proper value (within £0.005 a,,)
at a given temperature (see Appendix B of a second verification
standard (0.25 or 0.50 a,,) according to the verification proce-
dure described above. If both verification readings are within
40.005 a,, then the instrument is ready to begin testing.

If you have trouble reading the water activity of standards at
temperatures other than 25 °C after performing a multi-point
calibration, contact METER by email at
support.food@metergroup.com or by phone at 509-332-5601 for
further instructions. If you purchased your METER instru-
ment from one of our international distributors, please contact
them for local service and support.

How to Restore Factory Defaults

To restore original calibration settings, do the following;:

1.

Toggle to the Configuration tab by pressing the Document icon
button. Select Calibration and press the Enter button.
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AquaLab TDL 11 COMPUTER INTERFACE

e Choose correct Com port
e Set/Verify Com Properties

v Bits per second 9600

v/ 8 Databits

v’ No parity

V1 stop bit

v/ Flow control set to none

After successfully connecting the Aqualab to your computer and
upon completion of a water activity reading, the data displays in
the terminal program in the format as follows: measurement time
(minutes), sample temperature, and water activity. Table 2 shows
an example data return.

Table 2: Terminal Data

Time since chamber o
was closed Temperature (°C)  ay,
3.1, 924.3, 0.862
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7 VERIFICATION AND CALIBRATION AquaLab TDL

4. To return to the Main menu screen, select the Check icon.
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AquaLab TDL 11 COMPUTER INTERFACE

11 Computer Interface

Your AquaLab may connect to your computer using USB or RS232.
Your AqualLab was shipped to you with a standard USB cable. Using
this cable, you can send water activity data to a computer for further
analysis and storage. The interface is run through the AquaLink 4
Software or a terminal communication program.

Note: You must install the USB driver before connecting the USB
Cable to your computer. You can install from the USB included with
your AquaLab or download here: www.aqualab.com/aqualink.

11.1 AqualLink 4 Software

AquaLink 4 is available for use with your AqualLab. AquaLink 4 is a
Windows based program designed for data collection and customized
report generation for all AqualLab models. Aqualink 4 logs water
activity, temperature, time of measurement, and date stamps along
with other information. Aqualink 4 also has sample identification
and comment fields that you can use to help annotate the data your
AqualLab is gathering.

A USB of this program was included with your instrument. Fig-
ure 4 shows a screen shot of the AquaLink 4 program.
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8 SAMPLE PREPARATION AquaLab TDL

4. Make sure the rim and outside of the sample cup are
clean. Wipe any excess sample material from the rim of the
cup with a clean Kimwipe. Material left on the rim or the
outside of the cup can contaminate the sensor chamber and be
transferred to subsequent samples.

5. If you want to save a sample for later, put the dis-
posable sample cup lid on the cup to restrict water
transfer. For longterm storage, seal the lid by placing tape or
Parafilm® completely around the cup/lid junction.

6. Be consistent in sample preparation practices. If you
crush, grind, or slice your sample, be consistent in the method
you use in order to obtain reproducible results.

8.2 Samples Needing Special Preparation

AquaLab reads most materials in five minutes or less. However,
the nature of some samples necessitates longer reading times. These
materials need additional preparation to ensure quick, accurate read-
ings. To find out whether special sample preparation is necessary,
take several readings to see if readings (a,, and time) stabilize. If
continued readings take longer than six minutes, remove the sam-
ple and take a reading of a verification standard. This ensures the
sample itself is causing the long read time, and that there is not a
problem with your instrument. If the verification standard also takes
longer than six minutes to test, the chamber may be dirty. Refer to
Section 6 for cleaning procedures.

Coated and Dried Samples

Samples with high sugar or fat coatings often require multiple read-
ings, because it takes longer for them to equilibrate. If this is the
case for your samples, it is not a problem with your instrument; it
simply means that your particular sample takes longer than most to
equilibrate.

To reduce the time needed to take a water activity reading for coated
or dried samples, you can crush or slice the sample before sampling.
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AquaLab TDL 9 TAKING A READING

and 50 °C. The TDL can measure samples between these ambient
temperatures quickly and accurately. The AquaLab TDL has tem-
perature control capabilities that enable it to read samples at tem-
peratures different from ambient temperature, but no higher than

50 °C.
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8 SAMPLE PREPARATION AquaLab TDL

to rise or fall until the temperature stabilizes. When the tempera-
ture stabilizes within an optimal one or two degrees of the chamber
temperature, you can proceed with normal measurements.

High-water activity samples that are warmer than the chamber tem-
perature can cause condensation inside the measuring chamber, which
adversely affect subsequent readings. A warning message appears
(Sample too hot) if the sample temperature is more than 4 °C above
chamber temperature. If this message appears, immediately remove
the sample from the instrument, place a lid on the cup, and allow
the sample to cool to within 4 °C of the instrument before measuring.

Samples that are lower than 4 °C of the instrument temperature
cause longer read times. The sample temperature must be within
one or two degrees of the chamber temperature before you can take
fast and accurate readings.
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AquaLab TDL 9 TAKING A READING

9 Taking a Reading

9.1 Measurement Steps

Once you have verified for cleanliness, calibration, and prepared your
sample, you are ready to take readings. Follow steps 1 through 4.

1. Move the chamber lever to the Open position and lift the cham-
ber lid.

2. Check the top lip and outside of the sample cup to make sure
they are free from sample residue and that the sample cup is
not overfilled.

Note: Owver-filling the sample cup may contaminate the cham-
ber sensors.

3. Place your prepared sample cup in the chamber. The sam-
ple cup lid must be removed while in the testing chamber for
correct functionality.

4. Close the chamber lid and move the lever to the Read position.
This seals the chamber and starts the reading.

In one to two minutes, the first water activity measurement displays
on the LCD (this is an intermediate reading and not the final water
activity). Length of read times may vary depending on tempera-
ture differences between the chamber and your sample, and other
properties of your sample.

9.2 How AquaLab Takes Readings

The AqualLab reading cycle continues until the rate of change of three
consecutive readings are less than 0.0005 a,, of each other. The in-
strument continually tracks the strength of the TDL signal to ensure
equilibrium and the accuracy of readings. When the instrument has
finished its read cycle, the water activity is displayed, the read time
is displayed, the Save icon replaces the spinning measurement icon,

51



