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Abstract

Lactic acid bacteria (LAB) are an important group in the industrially using microorganisms. The first pure cultures of bacteria was "Bac-
terium lactis" (probably Lactococcus lactis), obtained in 1873 by J. Lister. LAB are Gram-positive, non motile, non spore-forming, ex-
cept Sporolactobacillus inulinus, catalase negative, microaerophilic or anaerobic microorganisms. LAB can be found in milk and dairy
products, plants and human and animal intestinal mucosa. LAB have low Guanine and Cytosine (G+C) ratio.

The industrial applications of lactic acid bacteria is considered, it is emphasized that reliable typing methods in strain levels are getting
important about both study on cultures used in functional foods and determining the performance of LAB starter cultures. Denaturing
Gradient Gel Electrophoresis (DGGE) is the most common technique in molecular fingerprinting culture-independent techniques. The
technique is based on the separation of the same length but having different sequences of the Polymerase Chain Reaction (PCR) products.
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1. Introduction

Lactic acid producing bacteria are the most important group
among microorganisms of industrial significance. Definition of
lactic acid producing bacteria is equivocal in general. The reason
for that lies in an historical tradition rather than presence of an
exact description of the term. The historical origin of the term
dates back to pre-twentieth century. The first pure bacterial culture
was obtained in 1873 by J.Lister, which was “Bacterium lactis”
(probably Lactococcus lactis). After discovery of similarities be-
tween the bacteria that turn the milk sour and the lactic acid pro-
ducing bacteria obtained from different sources, significant im-
provements happened regarding classification of these bacteria.
However, the conceptual confusion continued until publication of
the study by Orla-Jensen on this subject. This study had signifi-
cant influence on systematic of lactic acid bacteria, and despite
major revisions, the basic classification was preserved over the
years. Orla Jensen considered the following criteria while estab-
lishing the classification:

a) Morphology (coccus or bacillus)

b) Glucose fermentation type (homo-hetero fermentation)

c) Growth at certain principal temperatures (10 — 40 °C)

d) Sugar utilization rates
Lactic acid bacteria constitute a group among Gram positive bac-
teria with their morphological, metabolic and physiological char-
acteristics. The term "lactic acid bacteria” can be defined as bacte-
ria that are responsible for fermentation of food and animal feed,
including the bacterial flora of a healthy mucosal surface in ani-
mals and human (Axelsson 2004).
Utilization of culture-independent techniques in food microbiolo-
gy dates back to the end of 1990's, and since then they have been
used frequently. These methods are not dependent on cultures, and
they target nucleic acid (DNA, RNA) to identify a population
within a certain ecosystem (Cocolin et al. 2013). Molecular mi-
crobiology is a rapidly advancing field of science. A major branch
of this field involves demonstration and identification of microor-

ganisms in their natural ecosystems. It has been proposed that
molecular methods can help to overcome the problems encoun-
tered during selective reproduction and isolation of bacteria from
samples using traditional methods. The major cause for the re-
quirement of culture-independent techniques is that for most bac-
teria, it is not known what conditions are necessary for reproduc-
tion in their natural environment, and that developing the growth-
media that will provide these conditions is difficult. Moreover,
molecular methods are rapid and reliable (Ercolini 2004). None-
theless, studies have shown that simultaneous use of culture-
independent and cultural methods produce more accurate results in
terms of microbial diversity (Kesmen et al. 2012).

2. Lactic acid bacteria

2.1. General characteristics

Lactic acid bacteria (LAB) have great significance in food tech-
nology, because they are common in nature, they are the cause of
the commonly observed deterioration in various foods, and they
play important roles in production and ripening of some foods
(Con & Gokalp 2000).

LAB are Gram positive, immotile, catalase negative, microaero-
philic or anaerobic microorganisms, and they do not produce
spores except Sporolactobacillus inulinus. LAB may be present in
milk and dairy products, plants, and intestinal mucosa of human
and animals. They are almost never present in water or soil. Apart
from lactic acid, LAB also produce antimicrobial substances such
as hydrogen peroxide, bacteriocin and CO: (Akcelik 2000).
Among Gram positive bacteria, LAB constitute a group that has
low proportion of guanine and cytosine (G+C) (Ludwig et al.
1993).

Besides being predominant in the natural flora of the frequently
consumed fermented food products, LAB produce exopolysaccha-
ride, are used as a starter culture in food production, and are pre-
sent in probiotic products (Rebecci et al. 1998).
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LAB constitute twelve genera of microorganisms, they are:
Aerococcus, Carnobacterium, Enterococcus, Lactobacillus,
Lactococcus, Leuconostoc, Oenococcus, Pediococcus,
Streptococcus, Tetragenococcus, Vagococcus and Weissella. LAB
are classified according to their capacity to metabolize carbohy-
drates to lactic acid. Accordingly, those that metabolize most glu-
cose to lactic acid are called homofermentative, and those that
produce ethanol, acetic acid and CO2 in addition to lactic acid by
metabolizing glucose are called heterofermentative LAB. Homo-
fermentative LAB metabolize 85% or greater percentage of the
glucose to lactic acid. This group of bacteria utilize glucose via
fructose diphosphate (Embden-Meyerhof-Parnas) pathway. Het-
erofermentative LAB metabolize only 50% of glucose to lactic
acid, and additionally they produce ethanol, acetic acid and COx.
This group of bacteria utilize 6-
phosphogluconate/phosphoketolase pathway during fermentation
(Erkmen 2011).

2.2. Fermentation

Humans have preserved their food since Neolithic age (10,000
BC) using various methods including fermentation (Prajapati &
Nair 2003). The scientific basis of fermentation was understood
after Van Leeuwenhoek and Hooke discovered microorganisms in
1665 (Gest 2004). During 1850-60's, Pasteur confuted "spontane-
ous generation theory" in well-designed experiments (Wyman
1862). Sir John Lister demonstrated the role of a single bacteria in
fermented milk, “Bacterium” lactis (Lactococcus lactis) in 1877.
The word fermentation originates from the Latin word (fervere)
that means boiling; Pasteur described it as "life without air" (“La
vie sans l'air”). In biochemical terms, fermentation is a metabolic
process for production of energy from organic compounds without
contribution of any exogenous oxidizing agent. Fermentation
serves for different roles in the process of food production. Major
accepted roles are:

a) Preserving foods by lowering water activity (through drying
or use of salts) , and formation of inhibitory substances such
as organic acids (lactic acid, acetic acid, formic acid, propi-
onic acid), ethanol and bacteriocin

b) Enhancement of food safety via prevention of pathogen de-
velopment or elimination of toxic compounds, Enhancement
of nutritional value

c) Enhancement of organoleptic properties of food (Gaggia et
al. 2011)

3. Molecular approach to food analysis

Culture-independent techniques were initially used in the field of
food microbiology at the end of 1990's, and since that time, they
have been used commonly. These methods target nucleic acids
(DNA, RNA) for identification, and follow changes that take place
in populations present in a specific ecosystem (Cocolin et al.
2013).
Considering the industrial utilization of LAB, reliable strain-based
typing methods has gained importance regarding both determina-
tion of LAB starter culture performance and examination of cul-
tures that will be used as an additive in functional foods (Kiran &
Osmanagaoglu 2011).
Molecular techniques have been used effectively during the recent
20 years for identification and characterization of the predominant
species in environments containing complex microbial popula-
tions, such as in fermented foods.
One important point to consider for accurate identification of the
microbial profile in a food ecosystem is the selection of the DNA
region that will be amplified. The target gene should have two
principal properties:

1) It should be present in all members of the examined popula-

tion,

2) It should have preserved regions allowing design of interna-
tional primers, and also variable regions where differentia-
tion is possible.

Genes that encode ribosomal RNA (rRNA) are classified in this
category. Various regions of the gene encoding 16S rRNA are
frequently targeted for bacteria, whereas the gene encoding 26S
rRNA is frequently targeted for yeasts. An important advantage to
utilization of these two genes is that large sequence database is
available (Fogel et al. 1999).

PCR-based molecular techniques have particularly been shown as
fast and reliable methods for identification and classification of
LAB.

Although it is possible to define separate LAB species with physi-
ological and biochemical properties, it has been reported that these
properties are not enough for further classification within a given
species. Furthermore, it has been noted that wide variations exist
between populations of succeeding generations of many species,
and therefore it is important to determine gene sources and con-
firm the correctness of the species at all stages of the investigation.
The inadequacy of classical and modern microbiological methods
in identification has led the researchers to directly focus on the
genetic material (Kiran 2006).

Food ecosystem is not a stable environment. Growth, survival and
biochemical reaction dynamics of the microorganisms in food
occur in response to the physical and chemical changes (pH, salt,
temperature) in microenvironment of food, capacity of microor-
ganisms to colonize in food matrix, development in heterogenous
environment (micro-colonies and biofilms) and in situ cell-cell
interaction generally in solid media. Therefore, it is important to
consider microorganism dynamics when establishing reliable,
quantitative microbiological data from food. These information
are key to understanding the behavior of pathogen microorganisms
and particularly LAB (Fleet 1999).

31. Survival mechanisms and stress reactions of micro-
organisms

It is widely accepted that cultural techniques reveal only a minori-
ty of the microorganisms present in natural ecosystems. This can
be explained by two main factors:
1) New microorganisms that cannot be reproduced via known
growth media,
2) Limitations in detection of microorganisms under stress or
in viable but non-culturable (VNBC) phase (Fleet 1999).
VBNC phase is triggered by stress factors such as unavailability of
food, low temperature and pH, and heat application. In this phase,
healthy and culturable microorganisms maintain their metabolic
functions, but they cannot form colonies in growth media (selec-
tive or non-selective). It has been detected in the natural environ-
ment of Gram positive and negative species, and was also demon-
strated experimentally in several food pathogens (Roszak & Col-
well 1987, Fleet 1999) and Enterococcus faecalis (del Mar Lleo et
al. 2000).

3.2. Denaturing gradient gel electrophoresis

Denaturing gradient gel electrophoresis (DGGE) is the most fre-
quently used molecular fingerprint technique among culture-
independent techniques. DGGE was initially used to identify the
microbial ecosystem of fermented foods such as sucuk (Turkish
style fermented sausage) and cheese, and later it was utilized in
the process of microbial degradation. In the recent years, it has
been commonly used in fermented foods of Asia, Africa and
North America (Cocolin et al. 2013). This technique is based on
separation of the polymerase chain reaction (PCR) products that
have similar length but different nucleic acid sequence. In micro-
biology field, ribosomal DNA PCR-DGGE was first used by
Muyzer et al. in 1993. Since then, it has been frequently preferred
to demonstrate microbial diversity by many researchers (Ercolini
2004).
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Application of PCR-DGGE to food microbiology first started in
1999 with a study by Ampe et al., in which they examined the
distribution of microorganisms in Mexican pozol, fermented
maize dough (Ampe et al. 1999, Ercolini 2004).

Food fermentation is a process where microorganisms belonging
to many different species and genera are in competition and vari-
ous microbial conversions take place. It has been shown that it is
possible to follow the dynamic changes occurring during food
fermentation and identify the dominant microbial populations
using DGGE. This potential was demonstrated by Cocolin et al.
(2007) in their study related with optimization of DGGE proce-
dures via utilization of different primers, different denaturation
gradients and different electrophoresis conditions. Although RNA
is not widely used in DGGE studies, when selected as target re-
gion, it can provide important clues for discrimination of LAB that
are used as starter culture particularly in fermented dairy products
from LAB that are not used as starter (Fox et al. 2004).

3.2.1. Working principle

DGGE is the molecular method with most extensive use for identi-
fication of complex microbial populations. It is based on electro-
phoretic separation of PCR products of double stranded DNA
(dsDNA) through a polyacrylamide gel containing chemical gra-
dient (urea and formamide) denaturing agents. When DNA mole-
cule is subjected to appropriate denaturing gradient, the dsSDNA
goes under partial denaturation depending on the sequence. The
change in DNA conformation results in slower migration of the
molecule. Separation of molecules that have similar length but
different nucleic acid sequence based on their denaturation (melt-
ing) profiles was described theoretically by Fisher and Lerman in
1983. When the method is used for identification of microbial
profile, DNA molecules that are present as a complex mixture
following amplification are separated and characterized (Cocolin
et al. 2013).

Denaturation conditions in acrylamide gel is provided by urea and
formamide. A 100% chemical denaturant contains 7M urea and
40% formamide. In order to create a gradual denaturant gradient
from low to high density in the gel, low and high density denatura-
tion solutions are prepared and mixed with acrylamide, and the
mixture is poured in between glass plates. A comb is placed to
create sample wells, and the gel is allowed to form polymer struc-
ture over time. Electrophoresis is carried out at a constant temper-
ature between 55 — 65 °C, usually 60 °C. The principles of the
electrophoretic technique used to separate DNA, RNA and protein
molecules are also valid here. During denaturation of dsDNA,
fragments gradually denature at the sites called "melting do-
mains”, and as a result, dSDNA is converted to ssSDNA. Melting
domains are areas comprised of base sequences that melt at same
temperatures. Melting temperature is (Tm) Sequence-specific.
When the lowest melting temperature is reached, branched
"nicked" molecules form, and partial melting occurs. This slows
the migration of DNA in acrylamide gel. Thus, DNA fragments
that have similar length but different sequences create different
appearance in the denaturing gradient. DNA fragments with dif-
ferent sequences form melting areas with different Tm and migrate
at different distances in the DGGE gel. (Ercolini 2004, Kacmaz
20009).

Before DGGE analysis of DNA fragments, their melting behavior
should be determined. Moreover, in order to achieve better separa-
tion of the fragments, electrophoresis time and gradient should be
optimized.

DGGE can be performed with horizontal or vertical denaturing
gradient gels. In vertical gels, denaturing gradient is perpendicular
to the direction of electrophoresis, and it is usually used for deter-
mining melting behavior and optimum denaturation proportion of
DNA fragments. Only a single sample, or PCR products whose
melting behavior will be determined are run on vertical gels.

In parallel DGGE, denaturing gradient is parallel to the electrical
field, and denaturant range is narrowed to achieve better separa-
tion. Parallel gels are often preferred because they enable multiple

samples to be run at the same time. To achieve maximum separa-
tion, electrophoresis time should be determined prior to the analy-
sis of samples. For this purpose, each sample is loaded with cer-
tain time intervals, and electrophoresis time is determined. This is
called "time travel experiment" (Myers et al. 1987, Ercolini 2004).
Samples loaded onto DGGE gel are generally PCR products. The
highest resolution in the gel is obtained when molecules do not
completely lose their double stranded structure. For that matter,
addition of 30-40 guanine-cytosine (GC) piece to one of the PCR
primers used for amplification of 16S rDNA fragments helps to
keep the DNA partially double stranded, and the target region to
stay in the lowest melting area. This sequence, which is added to
5" end of one of the PCR primers and consists of guanine and cy-
tosine, acts like a high melting domain, and prevents dsDNA to
completely denature and convert to ssSDNA (Muyzer & De Waal
1993).

Band profiles in DGGE can be visualized with ethidium bromide.
Alternatively, SYBR Green | may be used. The advantage of
SYBR Green 1 is that it does not cause background stains and
therefore allows detection of DNA fragments with less density.

In their study titled "Concurrent use of cultural and culture-
independent techniques for identification of lactic microflora in
sucuk”, Kesmen et al. (2012) reported that simultaneous use of
these two techniques yielded more effective and accurate results.
According to their results, while Lactococcus piscium, Weissella
halotolerans,  Staphylococcus  succinus,  Staphylococcus
piscifermentans, Staphylococcus condimenti, Staphylococcus
carnosus were only identified with culture-independent tech-
niques, Lactobacillus plantarum, Leuconostoc mesenteroides and
Leuconostoc citreum were only identified using cultural methods.
In another study titled "Detection of the lactic acid bacteria in
commercial yoghurt by PCR-denaturing gradient gel electrophore-
sis" Ma et al. (2009) noted that PCR-DGGE has the capacity for
discrimination at the species level, but is insufficient for discrimi-
nating viable and dead cells, and that cultural and culture-
independent techniques should be used in combination to have
detailed information about microbial population. Sofu and Ekinci
(2016) conducted a study for determining the bacterial diversity of
Turkish Ezine Cheese by PCR-DGGE and Single Strand Confor-
mation Polimorphism analysis. They found Lc. lactis group and
Str. thermophilus as dominant members of the cheese flora by
DGGE. Rychlik et al. (2017) published a study about traditional
Polish cheese; Wielkopolska. The dominant eukaryotic communi-
ty of this traditional product was shown to be composed of Galac-
tomyces  geotrichum,  Kluyveromyces marxianus, Pichia
kudriavzevii, Candida inconspicua, and Trichosporon spp. by
PCR-DGGE.

4. Conclusion

Although cultural methods still maintain their gold standard value
in food analysis, it is evident today that there are species that can-
not be identified with these methods. Thus, studies have shown
that combined use of these methods with culture-independent
molecular techniques would yield more accurate information
about bacterial microflora present in foods.
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