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Methods for measuring water activity (aw) of foods and its applications to moisture
sorption isotherm studies

Lida Zhang, Da-Wen Sun, and Zhihang Zhang

Food Refrigeration and Computerised Food Technology (FRCFT), School of Biosystems and Food Engineering, Agriculture and Food Science Centre,
University College Dublin (UCD), National University of Ireland, Belfield, Dublin, Ireland

ABSTRACT
Moisture sorption isotherm is commonly determined by saturated salt slurry method, which has defects of
long time cost, cumbersome labor, and microbial deterioration of samples. Thus, a novel method, aw
measurement (AWM) method, has been developed to overcome these drawbacks. Fundamentals and
applications of this fast method have been introduced with respects to its typical operational steps, a
variety of equipment set-ups and applied samples. The resultant rapidness and reliability have been
evaluated by comparing with conventional methods. This review also discussed factors impairing
measurement precision and accuracy, including inappropriate choice of predryingwetting techniques and
unachieved moisture uniformity in samples due to inadequate time. This analysis and corresponding
suggestions can facilitate improved AWM method with more satisfying accuracy and time cost.
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1. Introduction

Moisture sorption isotherm (MSI) is a graphic representation
of the process wherein water molecules are progressively and
reversibly released from all kinds of hygroscopic forces in
food system caused by colligative effects, capillary effects and
direct bonding (Caballero-Cer�on et al., 2015). Knowledge of
MSI is extremely important for modeling, designing, and
optimizing food processing unit and procedure, such as dry-
ing, baking, mixing, storing, and packaging (Bazardeh and
Esmaiili, 2014; Noriega et al., 2014; Bispo et al., 2015; Yang
et al., 2015). Considering that MSI is a curve of equilibrium
moisture content (EMC) versus water activity (aw), MSI can
be determined by measuring water content when aw is con-
trolled, which is called gravimetric method (Suntaro et al.,
2014); or conversely measuring sample’s water activity when
the water content is fixed, referred as aw measurement
(AWM) method by Bell and Labuza (2000). Saturated salt
slurry (SSS) method, representative of gravimetric methods,
has been proposed as a reference isotherm determination
method (Wolf et al., 1985) and has been extensively used in
MSI studies of food materials for its advantages of low price,
easy handling, and acceptable accuracy (Sablani et al., 2007).
However, a typical SSS method takes weeks or months for
MSI depiction, which makes it unfeasible to determine MSI
for sensitive and spoilable biological samples under relatively
high temperatures, such as pharmaceuticals or sewage sludge
(Odamtten and Kampelmacher, 1986; Sawhney et al., 1997;
Abdullah et al., 2000; Vaxelaire et al., 2000; Nguyen et al.,
2004; Igathinathane et al., 2005; Fieldsend, 2007; Igathina-
thane et al., 2008; Yu et al., 2008; Huang et al., 2009;

Sandoval et al., 2011; Kartika et al., 2012; Sharma and Joshi,
2014; ). Due to its drawbacks of lengthy period and possible
errors introduced by combined effects of fungi activity, oxi-
dation reaction, and temperature and humidity variations
within long residence time, much work has been devoted to
the field of accelerating isotherm measurement process.

In comparison with SSS method, AWM method could expe-
dite experiment process to as less as tens of minutes (Demarchi
et al., 2013; Argyropoulos and M€uller, 2014). It also allows the
collection of a large amount of EMCERH data points by simply
adjusting the rewettingdrying time during samples’ prepara-
tion. Additionally, by changing temperature settings in
hygrometers during aw measurement, MSI at various tempera-
tures could be depicted simultaneously within a short period
(Chen and Chen, 2014). Last but not least, AWM method is
more simple, convenient, and inexpensive because of no need
for purchase, preparation, and storage of various salt slurries.
Other than SSS method which is to attain samples of constant
aw values by equilibrating with aqueous solutions of various
salts for a long time, AWM method is to prepare samples with
different moisture contents through drying or wetting and then
to allow them to equilibrate before aw measurement. This alter-
ative technology was firstly introduced for MSI measurement
by Pixton and Warburton (1973), but was not popularized until
recent tens of years (Chen, 2000; de Souza et al., 2013). This
revival of interest in AWM method owes much to the increased
accessibility of commercial hydrometers featured in speediness,
convenience, and high reliability currently.

In general, a real test by AWM method requires: (I) to
change the amount of water in target samples to several levels,
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(II) to bring samples of various moisture content to a homoge-
neous state in terms of temperature and moisture, correspond-
ing to a point on the isotherm curve, and (III) to measure aw of
samples with homogenous and known moisture content. Based
on whether the step I is operated manually or automatically,
AWM method could be classified into two groups, manual
AWM method and instrumental AWM method. This paper
reviewed the performance of both types of AWM methods on
an overall basis, including fundamentals and operational pro-
cess, factors impairing data accuracy and proposed ways to
improve, effectiveness in expediting experiment process, as well
as data comparability with SSS and other traditional MSI mea-
surement methods.

2. Manual AWMmethod (operational steps and
precautions)

2.1. Moisture adjustment

The main concern with AWM method is to bring tested sam-
ples to different moisture levels by mild dehydrating or wetting.
Desiccant drying has been recommended for sample prepara-
tion in desorption experiment. Mulet et al. (2002) dried fresh
mushrooms by silica gel for a series of increasing time periods
to prepare samples of different moisture values. But the effect
of silica drying on isotherm data was not further explored, for
example, by testing the data’s comparability with other meth-
ods. Thermal drying could accelerate experiment term greatly.
But the choice of temperature should be cautious to prevent
possible effect on sorption characteristics imposed by severe
drying. Pixton and Warburton (1973) recommended an oven
drying at a temperature not higher than 35C when AWM
method was first introduced. Resulting isotherm data was vali-
dated by comparing with a conventional humidity control
method. Nguyen et al. (2004) simply exposed fresh pear slices
to ambient temperature until lower moisture contents and got
desorption isotherms in good agreement with data from SSS
method and pressure-controlled humidifier method (PCM).
Recently, thermal drying at higher temperatures has also been
reported in literature. Fasina (2008) and Chen (2000) used
oven drying at 50�C to measure MSI of peanut hulls and peanut
pods separately. According to Fasina (2008), the EMCERH data
of peanut hulls prepared by oven drying were consistent with
data from conventional humidity generating method (HMG) at
45, 60, and 80% RH levels. Chen (2000) also reported a good
agreement between traditional SSS method and AWM method
between 10 and 90% RH. Additionally, problems with the use
of higher temperature have been reported in AWM methods.
Demarchi et al. (2013) adopted oven drying at 60�C in AWM
method for MSI measurement of fruit pulp formulations.
Although the results have a consistency with data from SSS
method, Demarchi et al. (2013) found a problem that the mea-
sured aw values of such prepared samples were always higher
than 0.363aw even after drying for more than two days. Accord-
ing to Demarchi et al. (2013), it might be attributed to the pres-
ence of a sugar crust on the outer layer of pulp formulations
during drying at 60�C. Such case hardening phenomenon had
also been reported by Yan et al. (2008) in a vacuum drying of
bananas under 70�C. Yan et al. (2008) reported the crossovers

of adsorption isotherm curves between vacuum dried and des-
iccant dried bananas with smaller EMCs at low aw range and
greater EMCs at high aw range for vacuum dried samples com-
paring with reference desiccant dried ones. According to Yan
et al. (2008), the reason might lie in some damages to bananas’
microstructure and case-hardening at the surface of bananas
during vacuum drying which limited moisture uptake at low
humidity levels. While gelatinized starch caused by heating as
high as 70�C could bind more water after the hard case soften-
ing at higher humidity. Besides, thermal drying with vacuum
assistance is also employed to accelerate moisture evaporation
of samples even at relatively low temperatures. Table 1 summa-
rizes various drying techniques adopted for preparation of
desorption samples in AWM method.

Different from the diversity of sample preparation strategies
for desorption sample, adsorption samples could be wetted
either by spraying water directly or by exposing to humid
atmosphere. In MSI measurement of peanut hull by AWM
method, Fasina (2008) conditioned peanut hulls with initial
moisture of 9.1% (w.b.) to a series of higher moisture contents
by equilibrating in a humidistat at a controlled humidity of
90% RH for different time. And through fine spraying of prede-
termined amount of distilled water, Haque et al. (2006) wetted
rice samples from initially 12% d.b. to desired moisture levels.
However, adding water directly could cause phase transfers and
generate unevenly distribution of components due to partial
dissolution and solute migration (Gal, 1981). This nonunifor-
mity of ingredients in samples might influence the accuracy of
following aw determination (Schiraldi et al., 2012). Thus, more
validation work needs to be taken before the final justification
of adding water used in AWMmethod.

Furthermore, to ensure the continuity of MSI curves
depicted by AWM method, the sampling period should be
changed during predrying or wetting process. de Souza et al.
(2013) wetted starch samples by equilibrating above pure water
in sealed desiccators at 25�C and taking out samples of wetted
starch more frequently at the former stage until reaching an aw
level higher than 0.7 aw. Because moisture transfer rates were
higher at the beginning of sorption process and a small change
of moisture content could affect aw values greatly in the

Table 1. A variety of drying methods used in AWM method in food area.

Method Species Studies

Thermal drying
30�C Lemon balm leaves Argyropoulos and M€uller (2014)
40�C Lemon peel Garc�ıa-P�erez et al. (2008)
50�C Peanut kernel

and hull
Fasina (2008) Chen, C. (2000)

60�C Carrot fruit pulp Eim et al. (2011) Demarchi et al.
(2013)

140�C Soybean Irigoyen and Giner (2014)
Vacuum drying
25 mbar30�C Lemon balm leaves Argyropoulos and M€uller (2014)

Desiccant drying
(silica gel)

Fish fillet Martins et al. (2015)
Banana flour Cardoso and da Silva Pena (2014)
Pork mince Clemente et al. (2009)
Mushroom Mulet et al. (2002)
Cassava starch de Souza et al. (2013)

Freeze drying Lemon balm leaves Argyropoulos and M€uller (2014)
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medium aw range from 0.4 to 0.7 aw. Similarly, desorption sam-
ples were taken out more frequently at the beginning of dehy-
drating by using silica gel until a point at 0.4 aw. Such prepared
samples had successfully generated MSI data evenly distributed
along MSI curves graphically. Similar sampling strategies have
also been adopted by Chist�e et al. (2015) and Cardoso and da
Silva Pena (2014).

2.2. Moisture redistribution

After samples were conditioned to various water contents, they
need to be sealed separately and stored for quite a long period
to complete moisture redistribution in samples. That is because
moisture is usually not homogeneously distributed in samples
at the end of predrying and wetting process. After a long stay
time, samples can reach hydroscopic equilibrium status and are
ready for aw determination later. This operation might be time-
consuming and incomplete moisture redistribution caused by
insufficient waiting time could result in false aw readings
(Yu, 2007; Schmidt and Lee, 2012). The required stay time
should be varied for different samples and at different moisture
contents (Shands and Labuza, 2009; Argyropoulos and M€uller,
2014). The length of time is also influenced by previous drying-
wetting techniques, storage temperature, and volume of the
sealed container. Currently, the length of stay time is usually
decided upon empirical experience. And there is still not a reli-
able and convenient technique to check whether a homogenous
status has been achieved at the end of moisture redistribution
period. In MSI depiction of pear slices at the range of 0.8–1.0
aw, Nguyen et al. (2004) sealed pear slices (F25 mm £ 2 mm
thickness) in small containers for two days to achieve a hydrous
homogeneity status after partially dried in ambient air. This
storage duration had been justified by comparing with
EMCERH data from SSS method, improved SSS method with
fans (SSMF), and PCM. Pixton and Warburton (1973) stored
grain samples at 5C for 2 weeks to achieve moisture homogene-
ity after moisture adjustment by either adding distilled water or
drying at 35C, and got good agreement of their results with
conventional SSS method. Such a long storage time would also
be attributed to a low storage temperature at 5C. Haque et al.
(2006) also stored rice kernels at 5C for 2 weeks after wetting
by spraying certain amount of distilled water. To keep samples’
physical and chemical properties during storage period, Chen,
C. (2000) even incubated peanut samples at 2C after the mois-
ture adjustment. Accordingly, they waited 6 weeks to achieve
uniform moisture status in samples.

Although moisture homogenization would take a long time,
the storage time could be greatly shortened by reducing sam-
ple’s size to as small as granules or even powders and employ-
ing some measures like shaking or stirring. After preparing
mushroom samples by silica gel drying, Mulet et al. (2002)
sealed the grounded mushrooms and shook them at intervals
for only two days to achieve moisture homogeneity in samples.
Similarly, Fasina (2008) stored grounded peanut hulls for only
24 hours at room temperature before aw registration. And the
EMCEMR data from such designed procedure were consistent
with those from HGM technique at 45%, 60% and 80% RH lev-
els. Reported combinations of time and temperature for mois-
ture redistribution in AWM method and corresponding

influential factors (food species and aw levels) are summarized
in Table 2.

Additionally, MSI studies of roasted green wheat by
Al-Mahasneh et al. (2012) are also noteworthy. They did not
achieve the moisture homogeneity by storing their rewetted
wheat samples in sealed containers, but directly online moni-
tored RH changes in the head space with a hygrometric sensor
installed in an insulated sample storage chamber. They decided
the accomplishment of moisture homogeneity in the samples
by a stable aw reading within the probe’s precision limit of 1.5%
RH. Similar strategy with an equilibrium criterion based on RH
constancy was also adopted by Argyropoulos and M€uller
(2014) and Chen (2002). However, the reliability of this tactic
is unclear because no control data, from traditional SSS meth-
ods or from trials with longer storage time, are available for
comparison now.

2.3. Measurement of aw values

Another important step in AWMmethod is to measure aw with
good precision. Foodstuffs’ aw could be measured in two ways,
either by measuring target samples’ partial vapor pressure
directly (manometric methods), or by analyzing the relative
humidity of air immediately surrounding tested samples using
hygrometers (hygrometric methods) (Al-Muhtaseb et al., 2002;
Caballero-Cer�on et al., 2015). For years, a variety of hygrom-
eters have been developed, including electrolytic, capacitance,
hydroscopic, dew-point hygrometers, and etc., among which
electronic and dew-point hygrometers are most widely used in
recent researches (Troller, 2012). Through measurement of
condensation point by air cooling, dew-point hygrometers
could determine surrounding air’s RH values and hence the tar-
get specimen’s aw values (Underwood et al., 2012); while elec-
trical hygrometers are based on electronic monitoring of the
conductivity of a reference salt solution equilibrating with the
air in the insulated sample chamber (Yamazoe and Shimizu,
1986; Li et al., 2008; Farahani et al., 2014; ). However, the refer-
ence salt (e.g., LiCl) coating electrodes in the electric hygrom-
eters could be contaminated by some organic vapor (e.g.,

Table 2. Reported storage temperature and time for different foodstuffs and aw
levels in AWM method.

Storage processa aw Species Studies

2 C 6 weeks 0.1–0.95 Peanut kernel and hull Chen (2000)
3 C 4 weeks 0.1–0.9 Oolong tea Chen and Weng (2010)
4 C 24 h 0.15–0.9 Carrot Eim et al. (2011)
4 C 48 h 0.09–0.98 Pork mince Clemente et al. (2009)
4 C 1 weeks 0.1–0.8 Rapeseed Lazouk et al. (2015)

Sunflower
Flaxseed

5 C 2 weeks 0.85–1 Rice Haque et al. (2006)
10 C 24 h 0.2–1 Soybean Irigoyen and Giner (2014)
22 C 24 h 0.05–0.95 Peanut hull Fasina (2008)
25 C 10 min 0.05–0.95 Cassava starch de Souza et al. (2013)
25 C 48 hours 0.1–0.95 Sunflower Seeds Giner and Gely (2005)

Lemon peel Garc�ıa-P�erez et al. (2008)
Mushroom Mulet et al. (2002)
Fruit pulp Demarchi et al. (2013)

aApart from food species and aw range of MSI measurement, storage time could
also be influenced by the size of storage chamber and prior dryingrewetting tech-
niques, both of which could be found in the original papers.
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propylene glycol) from food samples during aw measurement
(Chirife, 1995; Bell and Labuza, 2000). Accordingly, a regular
recalibration is important to minimize errors of readings by
electrical hygrometers. A further detail of hygrometer sensors
on the aspects of measuring fundamentals, precision, accuracy,
stability, and applicable samples can be referred to study by Sri-
vastava (2012).

Considering the adjustment of measuring temperatures dur-
ing aw registration and request time for thermal and hygro-
scopic equilibrium between samples and air surround humidity
sensors, it should take enough time for obtaining reliable aw
values by hygrometers. Nguyen et al. (2004) proposed an
empirical time of 2 hours as sufficient measuring time. In MSI
measurement of grounded mushrooms by AWM method at
four temperatures, Mulet et al. (2002) adopted Novasina TH-2
hygrometer (Switzerland, Novasina Ltd.) and took around
3 hours for aw registration at each temperature. Fasina (2008)
closely monitored the evolution of RH condition on the top of
samples in an insulated measurement system. He reported that
the hygroscopic equilibrium could be obtained no more than
4 hours between a specimen and its head space. In MSI deter-
mination of rosehip, apple and tomato pulp formulations at
20C and 40C, respectively, by AWM method, Demarchi et al.
(2013) took only 5 minutes to measure each sample’s aw by an
Aqualab 3TE aw meter and reported a result in well accordance
with conventional SSS method. Further studies are expected to
clarify how long one specific sample should be insulated in
measuring chambers before registration of reliable aw data.
This length of time may depend on both specific aw instru-
ments and sample’s various hygroscopic properties.

3. Instrumental AWM method

In fact, AquaSorp Isotherm Generator (AIG) (Decagon Devices
Inc., America) was invented based on AWM method. This
instrument does not control humidity levels (%RH), like com-
mon MSI measuring instruments. In AIG instrument, the air
with a selected flow rate (10–1000 mlmin) passes through water

(adsorption) or desiccants (desorption) and then entering into
the sample chamber. RH probes are fixed inside the chamber.
Samples are considered to get equilibrium after achieving a sta-
ble reading by RH sensors within its measurement accuracy of
commonly 1.5%RH. Then the airflow pauses, and samples’ aw
and mass are measured by a chilled mirror dew-point sensor
and a magnetic force balance respectively. The schematic graph
of AIG instrument is shown in Figure 1. This kind of MIS
determination with AIG instrument is also called dynamic
dewpoint isotherm (DDI) method (Schmidt and Lee, 2012; Iac-
cheri et al., 2015). Actually, the equilibrium criterion of a RH
change less than 1.5% is not always reliable especially for sam-
ples with slow diffusion of water into the matrix. Schmidt and
Lee (2012) adopted five materials to compare DDI method
with SSS method. The results showed that the similar results of
the two methods were found for corn starch, soy protein,
MCC, and sucrose, while corn flakes presented lower moisture
content using DDI method. The same results with corn flakes
were also reported by Shands and Labuza (2009) who com-
pared DDI method, DSV method, and SSS method. They
pointed out that the grinded corn flakes with greater surface
area for sorption and shorter distance for diffusion could pres-
ent more comparable MSI data to traditional methods.

It is necessary to emphasize that DDI method is funda-
mentally different from traditional MSI measurement meth-
ods. Actually, this instrumental AWM method generates
dynamic isotherms without the requirement for real hydro-
scopic equilibrium in samples. The generated dynamic
isotherms could provide information on sudden changes of
sorption properties, which could not to be obtained by
equilibrium isotherms. Currently, dynamic isotherms are
usually employed to figure out glass transition point, thus
could be used as an indicator for crystallization, caking, col-
lapse, deliquescence, and stickiness (Carter and Schmidt,
2012; Carter et al., 2015). Vapor Sorption Analyzer (Deca-
gon Devices Inc., USA) has been newly developed to gener-
ate both equilibrium and dynamic isotherms. It combines
AIG instrument with traditional DVS sorption analyzer,

Figure 1. The schematic layout of AIG sorption analyzer. 1. Sample chamber. 2. Microbalance. 3. Dew-point RH sensor. 4. Desiccant. 5. Pure water. 6. Pump. 7. Valves.
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incorporating merits of both method, and composing a
more complete picture of the tested samples’ moisture
properties (Decagon Devices, 2015).

Jonqui�eres et al. (1998) introduced another simple and easy
device for MSI measurement based on AWM method. Different
from AIG instrument, this equipment is designed for equilib-
rium not dynamic isotherms. The sketch of this vapor sorption
instrument is shown in Figure 2. Before a real MSI test, boiling
water should be placed in its vapor generator and the sorption
chamber be carefully evacuated by vacuum pumping in advance.
The sorption chamber is then injected a certain amount of water
vapor by connecting to the vapor generator for a designed
period. On hydrous equilibrium which is indicated by a stable
mass of with the use of a microbalance, vapor pressure sur-
rounding the sample was measured by a pressure gauge. And
the sample’s aw could be calculated accordingly. Jonqui�eres et al.
(1998) also validated the reliability of this vapor sorption equip-
ment by comparing with SSS method, and reported a good
agreement in MSI measurement of MCC powders.

4. Assessment on accelerating effectiveness

AWM method can expedite sorption process greatly in com-
parison with conventional SSS and HGM methods. Before
AWM method, samples are forced to be removed or added
moisture by desiccants or pure water, and sealed to achieve
thermal and hygroscopic equilibrium through a period of stay
time. This forced moisture adjustment could reduce sorption
process to days or even hours (Mulet et al., 2002; Demarchi
et al., 2013; ) comparing with commonly weeks or months in
traditional methods. Furthermore, MSI curves at various tem-
peratures could easily be obtained because the aw values under
different temperatures could be measured simultaneously with
the help of temperature control system in aw measurement
instruments (Chen and Weng, 2010; Chen and Chen, 2014).

Before reviewing time expenses in AWM method, it should
be mentioned that the period of AWM method referred in

literature is commonly computed from the time of aw registra-
tion, excluding previous time for moisture adjustment and
redistribution (Chen, 2000; Fasina, 2008). This is because there
is almost none work required for researchers during sample’s
storage time until the start of aw measurement. Chen and Chen
(2014) adopted AWM method as a fast adsorption MSI deter-
mination method for autoclaved aerated concrete. The final
experiment time for depiction of autoclaved aerated concrete’s
isotherm curves at seven temperatures (5, 10, 15, 20, 25, 30,
and, 35C) was only four days, excluding the length of time
when samples are adjusted to desired moisture levels by spray-
ing water and storing a long time for moisture redistribution
previously. For each temperature level, they insulated speci-
mens for 12 hours in measuring chambers to ensure the arrival
of thermo and hydro equilibrium in samples before the regis-
tration of final aw data. Likewise, Mulet et al. (2002) allocated
3 hours for specimens’ aw measurement at each temperature
level and completed MSI depiction of mushrooms under differ-
ent temperature levels (5, 15, 25, and 35C) in days. Theoreti-
cally, for materials with higher thermal conductivity and
apparent diffusion coefficient, the length of aw registration
should be reduced for samples’ quick vapor and heat transfer
with surrounding air in measuring chambers. In determination
of desorption MSIs of rosehip, apple and tomato pulp formula-
tions, Demarchi et al. (2013) took only 5 min to measure aw for
individual specimen. Comparing with traditional SSS method
which took 21 days for MSI determination at 20C and 18 days
at 40C, AWM method could expedite isotherm measurement
to as less as tens of minutes (exclusive of time for adjustment
and redistribution of moisture in samples).

5. Assessment on reliability

According to Bell and Labuza (2000), AWM method is accept-
able as long as aw meter is sensitive and indicative to the whole
sample’s aw. Nguyen et al. (2004) adopted four different meth-
ods in MSI studies of pear at higher aw range (0.8–1.0 aw),
including AMM method, SSS method, improved salt slurry
method with fans (SSMF), and PCM. The results showed that
AMM presented quite similar results with other methods. de
Souza et al. (2013) compared AWM method and SSS method
for both adsorption and desorption MSI determination of cas-
sava starch at full aw range (0.04–0.96 aw), and reported no sys-
tematic difference between them. To assess data’s reliability
numerically and qualitatively, de Souza et al. (2013) fitted Hen-
derson equation to MSI data from both methods. Both the
slope and intercept parameters were compared statistically by
T-test. Final results showed that AWM method and SSS
method were similar at a 95% significance level. Chen (2000)
also found that AWM method was not significantly different
from the SSS method, by adopting a F-test analysis at 95% con-
fidential level, in MSI measurement of peanut kernel and hull.
The same result was also reported by Fasina (2008) and
Demarchi et al. (2013), wherein AWM method was found to
have a good agreement with SSS method and HGM method,
respectively.

However, it is important to recognize and ensure the
arrival of moisture homogeneity in samples before the regis-
tration of aw values. Otherwise, incomplete moisture

Figure 2. Schematic layout of pressure-controlled humidifier. 1. Microbalance. 2.
Sample chamber. 3. Pressure gauges 4. Vapor generator. 5. Gauges.
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redistribution, usually caused by insufficient waiting time,
could lead to false aw readings and thus error MSI data. Yu
(2007) conducted MSI studies on corn starch, soy protein,
MCC, sucrose, and corn flakes, and found a great different
between the results of AWM method and other methods,
including SSS, PEC, and DVS methods. Schmidt and Lee
(2012) and Shands and Labuza (2009) reported that corn
flakes presented consistently lower moisture content using
AWM method in comparison to SSS method. And Shands
and Labuza (2009) had attributed this deviation to moisture
heterogeneity in AWM method. They found that the
grinded corn flakes with smaller size and subsequent shorter
distance for moisture redistribution could present more
similar data to those from traditional methods.

To sum up, AWM method has been proposed as a fast MSI
measurement to substitute traditional SSS method and should
be effective for samples like powders and syrups requiring short
moisture homogenization time. While for solid sample with
larger size in which moisture homogenization cannot be accel-
erated even by forced shaking or stirring, the results from
AWM method are probably deviated from traditional RH con-
trolling methods.

6. Conclusions

In this review, AWM method is evaluated thoroughly, in
aspects of its fundamentals, procedures, precautions, speed,
and reliability. Some conclusions and recommendations on
future work could be summed up as flowing:
(1) Desiccant, vacuum, thermal drying techniques have been

adopted in AWM method to prepare samples with
desired moisture contents. Considering very limited
reports on their effects on MSI measurement, compara-
tive analysis of MSI data, between pretreated samples
and control group without treatments, is recommended
to assist researchers with proper choice of moisture
adjustment approaches in AWMmethod.

(2) To reach moisture homogeneity in samples after mois-
ture adjustment, it is a common strategy to seal samples
in small containers or bags within hours or days with
various timetemperature combinations. The choice of
temperature and waiting time is a tough decision, and is
usually decided by empirical experience currently.

(3) AWM method is superior in MSI measurement at vari-
ous temperatures. It could obtain a set of isotherms
under difficult temperatures simultaneously and easily
by just conducting aw registration at each required tem-
perature for prepared samples.

(4) In sum, AWM method has the advantages of simplicity,
speediness, and comparatively lower cost than HGM and
other instrumental MSI measurement methods. It could
expedite MSI tests to as less as tens of minutes, exclusive
of periods for sample preparation. And the reliability of
AWM method has been validated in a variety of materi-
als. But there are also a few reports on discrepancy of
MSI data between AWM method and other methods,
which is probably attributed to insufficient waiting time
to achieve moisture uniformity before and during aw reg-
istration stage in AWM method. Further substantial

advances in this method are expected by developing
assistant techniques to accelerate the process of homoge-
nizing moisture inside samples before aw registration,
such as assistant ultrasound treatment.
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