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Annotation: The ability of microorganisms to grow on foods depends on storage conditions,
food composition, presence of additives and food structure. But, in structured foods the mobility
is restricted; microorganisms are immobilized and grow as colonies. It must be considered that
most of food products present some degree of structure, such as the case of emulsions, gels and
solid foods. However the effect of structure on microbial growth is scarce evaluated specially
when dealing with spoilage flora. The main objective of this chapter is to review the
bibliography concerning the effect of structure on microbial growth and on the activity of stress
factors with special emphasis on water activity (aw) depressors and on antimicrobial agents.
This information will help to choose the conditions that assure food microbial stability and

contribute to improve the food safety and quality.
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INTRODUCTION

Foods are in general dispersed systems and
most of them exhibit a structure. The latter
is provided by the presence of vegetal or
meat tissues or by the inclusion of
hydrocolloids and lipids in order to get
viscous, gelled or emulsified food products.
Some examples of the main structuring
agents used in food products are detailed in
Table 1.

The ability of microorganisms to grow on
foods depends on storage conditions, food
composition, presence of additives and food
structure. Food structure modifies water
mobility and distribution of solutes such as
acidulants, ay depressors and preservatives.
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Furthermore, it affects the mobility of
microorganisms. It is well known that the
site of microbial growth is the aqueous
phase and that in liquids, it occurs
planktonically. The medium surrounding
microorganisms is uniform; transport of
nutrients to the cell occurs freely and also
the metabolites produced during growth are
able to diffuse into the medium. On the
contrary, in structured foods the mobility is
restricted; microorganisms are immobilized
and grow as colonies. As a result of the
close spatial distribution, colonies can
compete for nutrients and oxygen; besides,
their metabolic end products can be
accumulated near colonies affecting growth.
Moreover, susceptibility to stress factors is
modified.
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As previously mentioned, most food
products present some degree of structure,
such as the case of emulsions, gels and solid
foods. However, the effects of structure on
microbial growth and on the effectiveness of
stress factors have been partially evaluated
specially when dealing with spoilage flora.
Briefly, trends reported about the effect
structure on microbial growth are diverse.
Many studies postulate that structure acts
as an additional stress factor and therefore
lower growth is expected. For example,
Meldrum et al. found that Listeria
monocytogenes in a gel made with gelatin
grew more slowly than in broth.
Brocklehurst reported that a, depression
with sodium chloride in a gelatin gel was
more effective than in broth for decreasing
the growth rate of Bacillus cereus.

Conversely, other studies show that structure
increases growth probability. For example,
Wilson et al. reported that the addition of
sucrose to broth promoted a decrease in
Staphylococcus aureus growth, but when
sucrose was added to a gelatin gel, S. aureus
growth rate remained unaffected. The main
objective of this chapter is to review the
bibliography concerning the effect of
structure on microbial growth and on the
activity of stress factors with special
emphasis on a, depressors, pH adjustment
and on antimicrobial agents. This
information will help to choose the
conditions that assure food microbial
stability and contribute to improve the
safety and quality of foods.

Table 1. Examples of structuring agents present in food

Structure agent Food

Hydrocolloids with gelling Jams, marmalade, dairy and fruit based desserts, jellies,
ability (polysaccharides and cream cheeses, pates

proteins)

Oil in water Salad dressings, sauces, milk products containing cream
Water in oil Butter, margarine, fat spread

Cellulose, Hemicelluloses and  [Vegetable tissues

pectins

Miofibrillar proteins Meat tissues

EFFECT OF GELS ON MICROBIAL
GROWTH AND ONTHE ACTIVITY OF
STRESS FACTORS

Gels represent one of the simplest
structured systems. Gelling agents are
incorporated into food formulations in order
to modify their microstructure and
texture .However, the effects may be wider.
It must be noted that in gelled products,
microorganisms are immobilized and grow
as micro-colonies Mentioned
immobilization affects bacterial growth rate,
as well as microbial response to
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environmental conditions, as a consequence
of the reduced metabolic activity found in
some regions of the colony. Compared to
cells in suspensions, bacteria immobilized in
solid media have to overcome an additional
stress to be able to initiate their growth. The
lower microbial growth observed in solid
than in liquid media may be related to
nutrient diffusion, oxygen availability, the
rate and profile of end-products production
and cell to cell communication .

Gelled foods are obtained by the addition of
hydrocolloids which are polysaccharides or
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proteins. In addition to their uses as
texturizing agents in the food industry, they
are used to model solid food products for
research purposes. The gelling agents most
frequently selected are agar and gelatin.
Agar is a polysaccharide obtained from
seaweed and gelatin is a fibrous protein
derived from collagen. Gelatin has a low
melting point (25-37°C), as a consequence,
it is possible to inoculate a microorganism at
low temperature, without its inactivation. In
addition, it is easy to remelt the gel for
subsequent analysis. On the other hand, agar
solidifies at 45°C and melts at 85°C. The
high temperature at the inoculation step
may be stressful for microorganisms, but
the obtained gel is less influenced by
temperature changes. As an advantage, agar
is nontoxic and physiologically inert toward
microorganisms . Both gelling agents are
generally recognized as safe food
ingredients. To evaluate microbial growth in
model gelled systems, the inoculated gelling
agent (mainly agar or gelatin) is placed in

Petri dishes, microplates or in a Gel Cassette.

The latter consists of a frame holding a layer
of gel. Mentioned frame is sealed with a
plastic film, which is gas. This system can
be used to study microorganism‘s growth on
the gel surface as well as within the gel
matrix by measuring microbial growth by
plate count. Plate count is a time
consuming technique. To solve up this
problem,

The role of structure on the inhibition of
microorganisms‘  growth was  widely
demonstrated. A compilation of the studies
on this subject is shown in Table 2. As an
example observed that L. innocua growth
rate decreased as gelatin concentration
increased and  that  micro-colonies
morphology changed as gelatin
concentration was varied. However, gelling
could not be used as the principal stress
factor in food. The combination with other
preservation factors is necessary to guaranty
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food safety. In reference to aw, it was
reported that its depression decreased the
growth rate or the maximum population
reached by bacteria and that the magnitude
of the effect was dependent on the type of
solute used. Although the effect of ay was
greater in liquid media, the presence of
solutes produced significant changes on
bacterial development in gelled systems. As
an example, reported that sucrose produced
a decrease in L. monocytogenes Scott A
growth rate in gel cassettes. In addition,
Brocklehurst et al. observed that the
maximum population reached by Salmonella
Typhimurium during growth decreased as
the concentration of NaCl or sucrose
increased. Furthermore, it was shown that
lowering ay from 0.990 to 0.970 produced
the elongation of lag phase and the decrease
of growth rate and the maximum population
reached by S. Typhimurium at different pH
values or gelatin concentrations Concerning
the effect of pH, Meldrum et al observed
that the minimum pH at which L.
monocytogenes Scott A was able to initiate
its growth was higher for an immobilized
culture than for a planktonic one. Similar
results were obtained by Brocklehurst et al..
Moreover, this trend is enhanced at low ayw
values. This effect is related to the fact that
the presence of gelling agents increases the
buffering capacity of the medium, which
offers protection to microorganisms .

As regards the combined effect of
mentioned stress factors, Koutsoumanis et al.
studied the effect of structure, pH and aw on
bacterial growth and observed that the
minimum values that allowed the growth in
agar were higher than in broth, being even
higher when temperature was decreased.
Moreover, it has been observed that
refrigerated incubation, atlow pH, low aw
and immobilization may prevent L.
monocytogenes Scott A growth and even
cause the loss of cell viability .



IQRO JURNALI / 2023

GUVOHNOMA Ne 0
E-ISSN : 2181-4341

60680

VOL-2 ISSUE-1
https://wordlyknowledge.uz/

Table 2. Compilation of studies about the effect of structure on microbialgrowth in gelled

systems
Gel Microorganism inoculated/Additional stress Reference
factor
Gelatin S. Typhimurium aw Brocklehurst et al., 1997
Agar Zygosaccharomyces bailii pH, aw, Dang et al., 2010
temperature
Agar L. monocytogenes pH, aw, Koutsoumanis et al.,2004
temperature
Gelatin L. monocytogenes pH, aw Meldrum et al., 2003
Gelatin S. Typhimurium pH, essential oil [Skandamis et al., 2000
Agar, Carbopol, |Z. bailii pH, aw Mertens et al., 2009
carboxymethyl
cellulose, gellan
gum, locust bean|
gum, xanthan
gum
Carbopol, Z. bailii pH, aw, Mertens et al., 2011
xanthan gum temperature
Gelatin S. Typhimurium pH, aw Theys et al., 2010
Gelatin Yersinia enterocolitica pH Robins and Wilson 1994
Gelatin L. innocua, Lactococcus pH IAntwi et al. 2007
lactis
Gelatin and Escherichia coli pH, aw Boons et al., 2014
dextran
Gelatin, xanthan E. coli, S. Typhimurium pH, aw Boons et al., 2013
gum and
carrageenan
EFFECT OF EMULSIONS ON mayonnaise. The oil phase consists of

MICROBIAL GROWTH AND ON THE
ACTIVITY OF STRESS FACTORS

Qil in Water Emulsions

Many foods are oil in water emulsions from
the physical point of view. The oil
concentration varies between 3-5% in the
case of milk, from 10 to 40% for salad
dressings and can be as high as 85% for
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polydispersed droplets with a diameter of
0.15-10 um .When droplets concentration is
high, the space between droplets can be of
the same order as the diameter of the
droplets. This trend limits the space
available for microorganism to grow .

The study of microbial growth in emulsions
is more difficult than in gels due to the fact
that emulsions are opaque and microscopy
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and absorbance based methods cannot be
applied.

To solve up this problem, Parker et al.
developed a method that removes the oil
phase of the emulsion with a mixture of
methanol and chloroform prior to scanning
electron microscopy, light microscopy or
transmission electronic microscopy
evaluation. Using these techniques, they
found that L. monocytogenes and Y.
entercolitica grew in the form of colonies in
emulsions containing hexadecane (30-83%)
or double cream (33% fat) with or without
agarose. In the case of dairy cream, it was
found that bacteria were associated with
particulate material, probably with casein
and that little fat content was trapped among
bacteria. Many regions of the sample were
sterile and bacteria were concentrated in
small areas. This fact has to be taken into
account when evaluating microbial stability
of these products.

Evaluated the effect of hexadecane and
sunflower oil concentrations and droplet
diameter on the form of L. monocytogenes
and Y. entercolitica growth using the
previously described method. They found
that when mean droplet was around 2 pm
and concentration of oil was high -in order
to have close packed droplets-, bacteria
grew as colonies and growth rates were
lower than in liquid media. The increase in
oil droplets to 15-25 pum removed the
inhibitory effect on growth rate but the
population at the stationary phase remained
lower than the one found in liquid media.

Water in Oil Emulsions

Several foods such as butter, margarine
and fat spreads are water in  oil
emulsions in which droplets of aqueous
phase (0.30-30 um) are dispersed in the oil
phase. Microbial growth takes place in water
droplets therefore space and nutrient
availability restrict growth. A smaller
droplet size and its separate distribution
enhanced microbial stability. Based on
commented trends, mechanistic models were
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develop and applied successfully to predict
the potential for bacterial growth based on
droplet size and bacterial energy demands.
Mentioned models show that

EFFECT OF STRUCTURED FOODS
ON MICROBIAL GROWTH AND ON
THE ACTIVITY OF STRESS FACTORS

In meat and vegetable tissues growth occurs
at the surface. Different model systems
manufactured with gelling agents were used
to study this issue. As an example, a solid
surface made with agar was used to evaluate
the effect of gas atmosphere composition on
the growth of food-borne pathogens. In
surfaces, growth occurs in colonies and
constraints on growth were the same as in
gels. But, diffusion limitations and
accumulation of protons under the colony
are greater than in gels; as a consequence,
microorganism growth rate becomes lower
in surface colonies than in immersed
colonies. Furthermore, many foods contain
micro-architectures  and  growth  of
microorganisms can take place
plancktonically, in colonies -immersed or at
the surface- depending on the localization of
the microorganisms. Water is located within
the microstructure and its distribution is not
uniform, in this way different aw values can
be found providing a heterogeneous
environment for microorganism. As ay gives
information of the global available water, its
determination must be complemented with
the information of the different populations
of water within the structure. The latter can
be evaluated using proton nuclear magnetic
resonance (NMR). These measurements
were done and used to evaluate their
relationship with food structure in cheese. In
the following sections, the effect of structure
on microbial growth in vegetables, dairy
products, meat and meat products are
discussed.

PREDICTIVE MICROBIOLOGY 1IN
STRUCTURED MEDIA

Predictive microbiology pretends to reduce
time-consuming and costs involved in
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challenge tests through the model of
microbial growth as a function of time
(primary models) and as a function of a few
environmental factors (secondary models).
The last factors include the traditional ones
such as temperature, pH, aw, and others like
antimicrobials, organic acids and oxygen.
However, sometimes microbial growth
cannot be predicted by these models since
some factors such as background flora,
microbial competition, stress  factors,
medium  structure and environmental
changes produced by microbial growth are
not taken into account. This omission is the
main source of error in predictive
microbiology and it is called as the
completeness error.

Concerning about this, Boons et al. studied
the effect of increase complexity of the
structured medium on E. coli and S.
cerevisiae  growth. They  included
heterogeneous systems and NaCl as a stress
factor mimicking the inhomogeneous
composition and structure of foods.
Microbial dynamics was affected by
medium structure complexity since the
microorganisms showed higher growth in
complex than in liquid medium. However,
the behavior of both microorganisms was
different in the same structured medium. A
secondary model including the effect of
medium structure on S. Typhimurium
growth rate, previously developed by Theys
et al., was successfully validated in
pasteurized milk and cheese. Also, this
model described L. innocua and Lb. lactis
growth as a function of gelatin level.

Different models such as Fickian diffusion
model, to predict the diffusion of nutrients
and metabolites, and Buffering Theory, to
predict local pH changes, have being
developed to be incorporated into an
integrated modeling methodology to predict
growth in structured systems. Regarding to
this, Van Impe et al. (2013) explain that
traditional predictive models consider the
behavior of average population and fails in
the description of colony dynamics since the
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local competition for nutrients causes a
different behavior of the individual colony
cells and does not have a normal distribution.
They propose considering the effects of
environmental conditions on cell
metabolism and growth dynamics by using
Metabolic Flux Analysis. They suggest that
this information will allow improving
precision of predictive models for more
complex systems like structured media.
More recently, Tack et al. applied an
individual based model on E. coli growth in
gel from cellular parameters reported in
bibliography. The model included the local
nutrient  competition, individual cell
differences and intercolony interaction. It
successfully reproduced single colony
dynamics, simulated interaction between
colonies and demonstrated that nutrient
diffusion and local cellular glucose
competition produced emergence of a
starvation zone in the center of the colony.
From the knowledge of cellular parameters
of microorganisms in structured media, this
model contributes to microbiological quality
and safety of structured foods

CONCLUSION

Microorganism‘s development in food is not
only determined by its environmental and
storage conditions but also by its structure.
Concerning this influence, the following
facts need to be remarked:

Microbial growth in structured systems is
inhibited compared to liquid systems.
Therefore, the response of microorganisms
to different stress factors is modified with
respect to planktonic growth and different
trends can be observed depending on the
stress factor applied, the composition of the
system and the microorganism.

Independently of its role as a structuring
agent, the presence of oil affects the
physiology of microorganism and the
distribution of lipophilic additives. Hence,
the effectiveness of lipophilic antimicrobial
agents can be decreased.
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There is some information available about
the effect of the structure itself and the stress
factors such as pH and ay in systems
modeled by gels. However, this information
is scarce in emulsified systems. This trend
can be linked with the difficult for studying
growth in emulsions due to their opacity
which ruled out the use of microscopy and
absorbance based methods.

The effect of medium structure has been
introduced as a factor in predictive
microbiology models in the last years.
However, further research is needed in this
area.

Many foods contain micro-architectures and
growth of microorganisms can take place
plancktonically, in colonies -immersed or at
the surface- depending on the localization of
the microorganisms.

In vegetables, it is essential to understand
the factors affecting pathogen attachment in
order to apply strategies to avoid the
growth. Commented studies demonstrated
that attachment ability depends on the
pathogen, the surface morphology of the
vegetables, the temperature and the integrity
of the tissue.

In dairy fermented products, structure
determines the location of microorganisms
during the processing. The role of
microorganisms and their enzymes on
ripening processes is a key factor on the
quality of these products, underlying the
importance of this feature.

In meat and meat products, many are the
structures -from fiber structure to meat
emulsions- which can exert several effects
on microbial growth. Mainly, they can
modify the action of preservatives and
condition the distribution of compounds in
different phases.

Outcomes shown herein highlight the
importance of considering the effect of the
structure on microbial growth when
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evaluating microbial stability of these food
systems.
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