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Microorganisms need such a medium in order to grow up, which has relatively 
large amounts of water. Water must be present in a concentration, enabling the 
microorganisms to use it, that means, it must be osmotically available. The osmo
tic pressure of medium cannot be very big. The osmotic pressure is proportional to 
the water vapour pressure of the food, and is always lower, than the osmotic pres
sure of pure water, at the same temperature. Therefore, the ratio of water vapour 
pressure of a food to the vapour pressure of pure water came into use, to express 
the degree of water availability to organisms. The symbol aw = water activity 
was introduced, as a very convenient unit. Strictly speaking, aw means the ratio 
of water fugacities, and not the ratio of vapour pressures, but the difference is 
so small, that it can be neglected.

Water activity has a great influence on shelf life of foods, and influences not 
only the microbial life, multiplication of bacterial or yeasts cells, or reduction of 
their cell numbers, but helps to eliminate some less tolerant groups and influences 
the enzymatic changes too and/or the possibility of water droplets formation in the 
packed foods.

D e f i n i t i o n s  o f  a w

Water activity is defined by the ratio of water vapour pressure of the tested 
food (p) to the water vapour pressure of pure distilled water (p0) at the same tem
perature, and the equation is

aw ~ ~

p
P 0

Following this equation, the aw of pure water is 1,00, and aw of some theoreti
cally totaly dry substance would be 0. But, there are no such foods, that would be 
totally dry. In common foods aw varies from nearly 1,00 to 0,50, or, in very dry 
foods, even lower.

There is a relation between aw and ERH-equilibrium relative humidity. 
ERH is expressed in percents and used rarely, when speaking about humidity 
equilibrium conditions of foods. The relation to aw is given by the following equation

ERH (%)
3w 100

It is more convenient to use the term aw, than the ERH, when speaking of foods.
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The availability of water in a food or a solution is a matter of osmotic pressure 
and the relation between these two factors is expressed as

-RTlog0aw

V

where OP — osmotic pressure
R — gas constant
T absolute temperature
logeau, -  natural logarithm of a,v
V — partial molar volume of water

It is worth mentioning, that the relation between aw and the water content, 
expressed as moisture content of a food, is not constant. It differs even, if NaCl 
and sucrose are dissolved in the same quantity, as we can see from Table 1. In foods, 
the situation is still more complicated, and it is impossible to calculate aw simply 
out of the moisture content. The relation is expressed by a curve, called water 
sorption isotherm. This curve can be -constructed, if aw values are plotted against 
the % of water content of a food or a substance. An example is illustrated in 
Figure 1.

The water content in a food is a figure, that does not tell much to a food micro
biologist, or even to the food producer. The water content is determined by simply 
drying out all water, without doing any differences, in what from the water is 
bound in the food. On the other side, water vapour pressure, or aw , depend on the 
type of forms, bounding the water. There is a difference, whether water is adsorbed 
on the surface of molecules, or is adsorbed in the capillaries, and still more, mole
cular weights of the solutes are also ones of the difference — making effects. This
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. Fig. 1.

au> as a function of moisture content for starch, adapted from LONCIN et al. 1968



Table 7

aw of some NaCl and sucrose solutions

aw % w/w NaCl % w/w sucrose

0 ,9 9 ................................................................................................. 1,7 15,4
0 ,9 6 ................................................................................................. 6 ,6 39,7
0 ,9 0 ................................................................................................. 14,2 58,4
0 , 8 6 ................................................................................................. 18,2 65,6

phenomenon is moreover complicated in that way, that some foods present two 
different water sorption isotherms. One is for a food getting dry and is desorbing 
water, and the second for a food, which is dry and is getting wet and is adsorbing 
water. The phenomenon is called hysteresis and is illustrated in figure 2.

Fig. 2
Hysteresis of water sorption isotherms

Water activity is partly dependent on temperature. In the range of tempera
tures exceeding 0° C, the differences are small and there is no need to mind them. 
But if temperatures below 0 °C are in question, the aw values are getting smaller, 
round 0,07-0,1 for each— 10 °C. This decrease is of such an importance, that it is 
possible, that the growth of some microorganisms in frozen foods is not limited by 
temperature, but by the low aw (2).
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Measuring aw

The estimation of aw can be principally done by two steps: calculation or mea
suring. To calculate the aw values is not easy and the procedure is time-consuming. 
Following hypothesis, that the total moisture content at a given a ,̂ is equal to a 
weighted- average of the moisture bound by each component at a given aw, a mass 
ballance equation proved to be a solid method. It works at aw 0,90-0,33, both 
for desorption and adsorption (3). An attempt to predict food isotherms from know
ledge of component isotherms and weight fractions of components gave some good 
and some partly false results (4).

In laboratory practice measuring is a widely used method of choice. Usually, 
the accuracy of the measurement should be not less than 0,02 aw, although someti
mes devices with the accuracy of 0,005 aw must be used.

A simple laboratory method for measuring aw is based on the estimation of 
ERH. There are two ways published, one using a set of solutions of known aw, 
and the second (5) using filter paper strips, impregnated with defined solutes. 
The tested food is placed together with one solution or paper strip into a closed jar. 
After some time, the jar with an equilibrium is looked for. Both methods are cum
bersome and not very exact.

Better results are gained by the use of instrument technics. The comparison 
and evaluation of these methods and various instruments, their disadvantages, ad
vantages and accuracy was done several times (1,6, 8).

A variety of devices is produced, which are based on different types of mea
suring principles and sensors. The simplest, and therefore also the less expensive, 
are devices with a normal human hair hygrometer. It is a small case, with a lid. 
In the lid the measuring device is placed, with a finger, pointing awin the range 
from 0,4 up to 1,0. The whole set can be easily calibrated. Such a type is produced 
e. g. by G. Lufft, Stuttgart, West Germany, and is recommended especially for aw 
measuring of meat and meat products. Better reproducibility is gained, if the 
human hair is displaced by a suitable plastic fibre, e. g. polyamide, which enables 
an accurate aw measuring (9, 10). Other types of instruments have other types of 
sensors. Lithium chloride sensor is part of a device with a digital and recorder 
output, manufactured by NOVASINA Ltd., Zürich, Switzerland. The device has 
three testing chambers, all in one box, and two boxes can be connected simulta
neously. The аш values are read on the digits or recorded by a six-line recorder. 
This device has been used several times in comparative studies and found accurate 
enough and good in food analyses (8). A similar device is manufactured by BECK
MAN INSTRUMENTS Inc., Cedar Grove, N. J. US, and called Hygroline TM 
Water Activity System. The sensing element is mounted in the lid and, when 
working, is in direct contact with the sample. The aw values can be read directly, 
in the range of 0,05— 1,00 a^. A recorder, specially designed for aw measuring, can 
be used. This instrument is fit for constructing the sorption isotherms, too. Another 
type of an aw measuring device is manufactured by KAYMONT INSTRUMENT 
t orp. Huntington Sta, N. Y. U. S., and consists of a WA measuring station and a 
Hygroskop DT instrument. The Hygrometer system, produced by AMERICAN 
INSTRUMENT Co., Silver Springs, MD., U. S., has a sensor, whose operation is 
based on the ability of a hygroscopic film to change its electrical resistance instantly 
with microscopic film to change its electrical resistance instantly with microchanges 
of relative humidity. Reading of results can be done in аш or % ERH, by use of 
calibration curves.

All these devices give the results in measuring aw in less than one hour, and 
the producers’ leaflets indicate, that the time can be shorter, up to quarter of an 
hour.
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Table 2
аш values of some foods

aw foods

1,00-0,96 milk, beverages, fresh meat, fresh vegetables, fresh fruits, 
foods with cca 40% sugar or cca 7 % salt

0,95-0,91 salted fish and meat, tomato, paste, ham, cured meats, fermented sausage, 
processed cheese
foods with cca 55% sugar or cca 12% salt

0 ,90-0 ,85 dry salami, sweet condensed milk, dried meat, hard cheese 
foods with cca 65% sugar or cca 15+ salt

0 ,85-0 ,70 dried foods, heavily salted fish or meat, flour, cereals, jams, marmelades
foods with cca 26% salt
foods with roughly 1 0 % moisture content

0,70 and less candy fruits, confectionary, chocolate, biscuits, dried milk, dried eggs

The development of sensors, good for immediate and quick a„, testing, is not 
yet finished, and there are still possibilities for constructing some new types.

a w  o f  s o m e  f o o d s

Foods are a very complex mixture of many substances, with different kinds 
and possibilities in binding the water content. This and the quality of solutes 
influences the resulting aw. Table 2 summarises aw values of some foods. These 
values are informative, as foods differ one from another type very much. Some ty
pes of foods are called by the same names in various countries, but in fact they 
are not the same, as they are manufactured with other technologies and consist 
of other kinds of substances. Even their moisture contents are not the same. There
fore, it is necessary to do analyses of foods for aw not only in groups of foods, but 
every type or product should be tested.

aw is a factor, that is of great importance in storing foods, and in the packing 
industry. Misunderstanding of it can effect the wetting of food under the packing 
material, or wetting of food in closed cases or plastic bags.

I n f l u e n c e  o f  a w  o n  m i c r o b i a l  g r o w t h

As water activity characterises the amount of available water, it is clear, that 
it has a very big influence on microbial growth. The best growth does not take 
place at aw 1,00, but a bit lower, in some optimal point, according to the genus of 
the microorganism. Thus, e. g. for Salmonella oranienburg the optimum aw was 
determined as 0,99, and the growth stopped at 0,95 (11). Staphylococcus aureus 
has the optimum level 0,99 and its minimum aw permitting growth is 0,86 (12). 
In general, lowering of aw under optimal level results in decreasing the cell yield 
and the growth rate is slowed, untill it stops at all. The microorganisms either 
remain dormant, under reduced aw, or die. The minimum aw values for some micro
organisms are given in table 3. Even in this case, there are always some slight

275



Table 3
Minimum ал values permitting growth of microorganisms*

aiV bacteria Imolds yeasts

0,99 Moraxella
Acinetobacter

0,96 Shigella
Klebsiella

0,95 Salmonella 
Pseudomonas 
Proteus 
E. coli 
Citrobacter 
Cl. perfreingens

0,94 V. parahaemolyticus 
L. plantarum
Enterobacter aerogenes 
Clostridium botulinum

Stachybotrys atra
0,93 В. stearothermophilus

Rhizopus nigricans 
Mucor

0,92 Bacillus cereus Rhodotorula
Pichia

0,90

0 ,8 6

Bacillus subtilis
S. cerevisiae 
Hansenula

Staphylococcus aureus
Peniciilium
Aspergillus

S: Boilii

0,80

0,75 halophilic bacteria
Wallemia sebi 
Aspergillus conicus0,70

osmotolerant yeasts0,61 Monascus bisporus

* Adapted from (38, 39, 40, 41)

differences among the various strains of the same organism. The values differ 
sometimes, as scientists do not use unified methods of measuring aw.

The influence of аш is complicated by the biological answer of cells, as some 
solutes, e. g. NaCI, or glucose, have a higher influence, compared to glycerol, which 
m V? one' M*n*mum aw f°r growth of Lactobacillus helveticus is 0,963 for
NaCI, 0,966 for glucose and 0,928 for glycerol, and Streptococcus thermophilus 
minimum Дц, for growth were 0,985; 0,86 and 0,947 respectively (13). Similar 
results were found, when Clostridium sporogenes (14) and Vibrio parahaemolyticus 
(lo) were tested. v ' 1

The limits for sporulation are nearly the same as for growth. There are some 
papers, relating higher limits for sporulation, but mostly these discrepancies are 
produced by the methods used (16). Glycerol proved to have the same influence, 
related to NaCI and glucose, on sporulation awlimits, as in growth experiments.

On the contrary, minimum аш for the germination of spores is a bit lower, 
than that for growth. Spores of a strain of Clostridium botulinum did germinate at 
an aw 0,03 — 0,04 lower by than the minimum for growth (17, 18). Heat resistance
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of Bacillus stearothermophilus spores is maximal at low aw in glycerol solutions, 
while in NaCl and glucose only small variations in resistance occur (19). In a recent 
study (20) tested heat activated spores of B. stearothermophilus, in relation to aw 
of the medium. Sucrose proved most inhibitory to germination, and glycerol most 
favourable. Salt penetration during heat activation and germination was consi
dered as the major factor and was associated with the osmoregulation mechanism 
within the spore. Heating with sucrose and glycerol increased the recovery of 
activated spores. Some of the results are given in table 4. Similar results have 
been observed, when the spores were gamma irradiated (GOMEZ et al., 1980). 
In the absence of lysozyme, there was an extensive loss of viability.

Table 4
Inicial percentage germination of B. stearothermophilus spores in nutrient broth supplemented 

with glycerol, sucrose and salt*

aw

glycerol sucrose salt

temperature °C

50° 65° 50° 65° 50° 65°

0,995 52 50 55 48 52 53
0,975 65 56 49 25 58 46
0,950 52 58 45 13 50 23

* Adapted from (20)

I n t e r a c t i o n  w i t h  o t h e r  f a c t o r s

Water activity cannot be considered as an isolated factor, but as a part of a 
complex, that prevents, (or does not), the food from spoilage. Especially in combi
nation with mild heat treatment, that inactivates vegetative cells, a relatively 
stable product can be achieved using pH and/or aw as a preserving factor (21, 22). 
The study of two or even more factors, e. g. aw, pH, rH, temperature, in food micro
biology, is rather an uneasy task, and the published papers cover only a narrow 
part of the problem, e. g. the interaction between aw and temperature in the growth 
of Clostridium botulinum (23) or the rH, aw and temperature permitting growth 
of Clostridium perfringens (24).

The combined influence of chemical preservatives and aw need more attention, 
than it was given up to date. The problem is not elucidated enough, and it looks 
like, that the final preserving effect of these two factors will be interesting (25, 26).

T h e  m e c h a n i s m  o f  r e s i s t a n c e  o f  b a c t e r i a l  c e l l s  t o  r e d u c e d  a w

All cells of the microorganisms, as well as those of other organisms, are able 
to maintain their turgor pressure, in order to keep alive. Foods are a heterogenous 
substance, presenting osmotic problems to the cells of microbes. This extrinsic 
factor can provoke loosing of water from the microbial cell, if the osmotic pressure 
of the food is high, that means, the aw of the food is low. Lack of water increases 
the internal potassium ion concentration, which activates aminates — a  — keto 
glutarate to glutamate, and this substance accumulates in the cell. Water, although 
not very much, reenters the cell (27). Studying the potassium leakage as a lethality
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index of phenol, the kinetics of potassium leakage was similar to that of lethality 
of phenol, whose aw was reduced by sucrose and glycerol (28).

Some bacteria, if osmotically stressed, can switch to producing prolinc. This is 
a relatively uncharged amino acid and needs no counterbalancing cation. The 
internal aw of the cell fluid may be thus lowered to minimum 0,86, and than those 
cells (Staphylococcus aureus) stop growth till the medium reaches this aw (29, 
30, 31).

Solutes, that are able to reduce the internal aw of the cell, without doing any 
harm to it, are called “compatible solutes”. Proline and glycerol are two examples 
of such solutes (32, 33, 34). Moreover glycerol has less influence on enzyme activity 
at a reduced aw, and causes less membrane cell damage (35).

It is very important to keep the problems of aw in mind, when changing the 
composition or developing new types of foods, in order not to fall into bad troubles.

The importance of aw in foods is not limited to food microbiology. There is a 
lot of work done in studying ad as a factor minimizing degradation rate, e. g. in 
prunes and raisins (36) and pinto beans (27).

More knowledge of aw is needed not only in food science, but among the food 
producers too. aw can help very much in saving the products, their quality and 
reduce energy needs for producing shelf-stable foods.
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A VÍZAKTIVITÁS JELENTŐSÉGE AZ ÉLELMISZEREK MIKROBIOLÓ
GIÁJÁBAN

V. Bartl

A vízaktivitás — azon kívül, hogy az élelmiszerek eltarthatósági idejét befo
lyásolja — hatással van a mikrobák életére, a baktériumok és élesztők szaporodá
sára vagy a sejtek számának csökkentésére. Megkönnyíti továbbá egyes, gyengébb 
tűrőképességéi csoportok kiküszöbölését, valamint elősegít enzimhatásban beálló 
változásokat és a csomagolt élelmiszerekben előmozdítja vízcseppek képződését. 
Megadja a vízaktivitás definícióját és egy képletet, amely az ozmózisos nyomás és a 
vízaktivitás közötti összefüggést fejezi ki. Áttekintést nyújt a vízaktivitásnak a 
mikrobák növekedésére gyakorolt hatásáról és a baktériumsejtek csökkent víz
aktivitási értékekkel szemben mutatkozó ellenállásának a mechanizmusáról. Az 
élelmiszertudomány mellett az élelmiszeriparnak is szüksége van a vízaktivitásra 
vonatkozó ismeretek bővítésére az élelmiszerek minőségének megőrzése, valamint 
az energiaigények csökkentése céljából, ami a hosszabb eltarthatósági idejű élel
miszerek előállításával érhető el.

ЗНАЧЕНИЕ ВЯЗКОСТИ С ТОЧКИ ЗРЕНИЯ МИКРОБИОЛОГИИ 
ПИЩЕВЖХ ПРОДУКТОВ

В. Бартл

Вязкость -  кроме того, что влияет на срок сохранности пи щевых про
дуктов -  действует и на жизнедеятельность микроб, на размножение батерий 
и дрожжей или на уменьшение числа клеток. Способствует устранению до
пусков у некоторых групп, а также содействует при изменениях энзимати
ческих действий, а в упакованных пищевых продуктах образованию водян- 
ных каплей. Автор приводит дефиницию активности воды и одно уравнение 
выражающее зависимость между осмотическим давлением и активностью 
воды. Дает краткий обзор о влиянии активности воды на рост микроб и о меха
низме сопротивления Бактериальных клеток против уменьшающей активности 
воды. Кроме науки питания также и пищевая промышленность должна рас
ширять знания об активности воды с целью сохранения качества пищевых 
продуктов, а также уменьшения потребности энергии, что достигается произ
водством долгосохранимых пищевых продуктов.

BEDEUTUNG DER WASSERAKTIVITÄT VOM STANDPUNKT DER 
MIKROBIOLOGIE DER LEBENSMITTEL

V. Bartl

Die Wasseraktivität, ausserdem, dass sie die Dauer der Verwendbarkeit ver
längert, beeinflusst das Leben der Mikroben, die Vermehrung der Bakterien und 
Hefen oder die Verminderung der Anzahl der Zellen. Sie erleichtert ferner die



Beseitigung gewisser Gruppen minderer Toleranz und begünstigt einige Änderun
gen der Enzymwirkung, sowie die Bildung von Wassertröpfen in verpackten Le
bensmitteln. Eine Begriffsbestimmung der Wasseraktivität und eine Formel wer
den angegeben, letztere drückt den Zusammenhang zwischen dem osmotischen 
Druck und der Wasseraktivität aus. Eine Übersicht beschreibt die Wirkung der 
Wasseraktivität auf das Wachstum der Mikroben und den Mechanismus des Wider
standes von Bakterienzellen gegen abnehmenden Werten der Wasseraktivität. 
Ausser der Lebensmittelwissenschaft beansprucht auch die Lebensmittelindustrie 
eine Erweiterung von unseren Kenntnissen über die Wasseraktivität zwecks Be
wahrung der Qualität der Lebensmittel und Verminderung des Energiebedarfs
weiche Ziele durch die Herstellung von Lebensmitteln längerer Verwendungsdauer 
erreichbar sind.
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