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Abstract

The spontaneous fermented cereal-based products are natural ingredients used
since ancient times as aroma and texture enhancers or as biopreservatives. Many
studies that focus on the sourdough microbiota and its related properties were
carried out until now due to the fact that the fermented products with lactic acid
bacteria strains have high functionality and support the consumer’s decisions in
regard to the healthy foods consumption and lifestyle improvement. As such,
finding new lactic acid bacteria strains with functional and technological features
that could be part of new starter cultures and understanding the biochemical
pathways involved in the fermentation process are still the current research
objectives for the scientists in this field. This review highlights the newest trends
in the sourdough technology by stating the diversity of raw materials and starter
beneficial microorganisms in order to obtain functional fermented products,
gluten-free sourdoughs, or fermented products rich in postbiotic compounds (i.e.
organic acids, bioactive peptides, short-chain fatty acids (SCFA),
exopolysaccharides (EPS), enzymes), compounds biosynthesized by the
microorganisms that are part of the consortium involved in the fermentation
process. Additionally, multiple strategies for the reduction of the antinutritional
factors and an increment of the minerals’ bioaccessibility are pointed out, as well
as the comparisons between the nutritional compounds of some underutilized
pseudocereals and grains for the formulation of new sourdoughs that are
recommended for the consumers with special nutritional requirements.

Keywords: sourdough, beneficial microorganisms, postbiotics, functional ingredients

Introduction

Traditionally, the sourdough is a cereal-based fermented product with lactic acid
bacteria (LAB) and yeasts, which is used as a natural ingredient in the dough
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fermentation with valuable technological and functional properties. As a starter
culture, the sourdough contains several beneficial microorganisms in the range of
10°-10° CFU/g, which are actively implied in the dough fermentation process, thus
impacting the features and stability of baking products and also the consumer’s life
quality.

In the last years, one major concern for scientists and technologists was the
replacement of cereal flours with some pseudocereal flours for the bread and
sourdough production technology in order to achieve clean-label and healthy
products.

Wheat, triticale, sorghum, oat, rye, chia, barley and maize flours are usually used
as fermentation substrates for the sourdough formulation. Nowadays, in the
artisanal bakery, the laboratory-scale made sourdoughs are composed by
unconventional flours obtained from quinoa, hemp, chickpea, yellow pea,
amaranth, teff and buckwheat or rice bran.

The sourdough fermentation can be spontaneously realized by the microorganisms
present in the natural wild microbiota of the flours or by selected strains that can be
used as starter cultures. The most common LAB and yeast strains associated with
the sourdoughs microbiota are presented in Table 1 (Huys ez al., 2013).

This review offers a brief overview regarding the actual and modern practices in
the sourdough manufacture by emphasizing the fermentation of unconventional
flours and their benefits, the microorganisms involved in the fermentation process
and their positive implications on the quality, technological and functional
properties.

Nutritional benefits of the fermentation substrates

Composite flours acquired either by a full replacement or a partial substitution of
the wheat flour with pseudocereals, cereals, roots, tubers, legumes or by-products
are successfully used in the bread making technology due to their capacities to
increase the foods’ functionality, nutritional value and phytochemical properties.
The beneficial microorganisms that were implied in the fermentation of the
composite flours made from quinoa, buckwheat and chickpea led to the
biosynthesis of postbiotics and parapostbiotics compounds with functional in vivo
effects (Rizzello ef al., 2015).

The nutrients composition analysis of some unconventional flours (millets,
buckwheat, sorghum, maize, rice) compared to wheat flour revealed that the main
components are represented by saccharides (average values between 60-81g/100 g
dry weight) (Taylor, 2017). Furthermore, Little millet and Barnyard millet contain
the highest amount of proteins, 15 g/100 g dry basis, followed by wheat, 12 g/100 g
dry basis, and whole grains sorghum, 11 g/100 g dry basis. Despite this, Finger
millet, Fonio and Japanese barnyard millet can replace wheat and be successfully
used as alternative sources of dietary fibers to maximize the positive effects of
probiotics in the gut (Duodu and Apea-Bah, 2017).
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Table 1. Lactic acid bacteria and yeasts frequently found in the sourdough’s microbiota.

Lactic acid bacteria strains

Yeast strains

Obligate Obligate Facultative
homofermentative heterofermentative heterofermentative
Lactobacillus spp. Candida spp.
(L. acidifarinae, (C. boidinii,
L. brevis, C. parapsilosis)
L. buchneri,
L. cellobiosus, Pichia spp.
L. collinoides, (P. ohmeri,
L. crustorum, P. guilliermondii, P.
L. curvatus, polymorpha,
. L. fermentum, P. saitoi,
f'Lac:Z?;;'ZZZ;pp' L. fructivorans, P. stipitis,
’ PHILS, L. frumenti, P. subpelliculosa)
L. amylolyticus, L. hammesii,
i' Zg}i Z\;;)Srus, L. hilgardii, Yarrowia lipolytica
T > L. homohiochii,
L. delbrueckii  ssp. L. kefiri
delbrueckii, L. kﬁnkéei
L. farciminis, L: lindneri,,
IL" gZil;Zme’ L. mucosae, Lactobacillus spp.
L. ie}\;e tiéus L. namurensis, (L. alimentarius,
L:jo hnsonii ’ L. nantensis, L. casei,
L. min densi.; L. nodendsis, L. coleohominis,
L. nagelii ’ L. oris, L. kimchi,
I sa livar;'us) L. panis, L. paracasei,
’ L. parabuchneri, L. paralimentarius, L.
L. pontis, pentosus,
L. reuteri, L. perolens,
Lactococcus lactis L. rossiae, . . L.p lant.arum,
ssp. lactis L. sanfranciscensis, L. sakei)
L. secaliphilus,
L. siliginis, Pediococcus spp.
Streptococcus spp. L. spicheri, (Ped. acidilactici, Ped.
(S. constellatus L. vaginalis, dextrinicus, Ped.
S. equinus, ’ L. zymae) pentosaceus)
S. suis) Leuconostoc spp.

Enterococcus spp.
(E. casseliflavus,
E. durans,

E. faecalis,

E. faecium)

(Leuc. citreum,
Leuc. gelidum,

Leuc.

mesenteroides

cremoris,

Leuc.

mesenteroides

dextranicum,

Leuc.

mesenteroides

mesenteroides)
Weissella spp.
(W. cibaria,

W. confusa,

W. hellenica,
W. kandleri,

W. paramesenteroides, W.

viridescens)

SSp.

Ssp.

SSp.
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Throughout the sorghum whole grains, the most abundant essential amino acid is
leucine followed by valine and isoleucine (Awika, 2017). The soybeans
incorporation in the sourdough bread modified the levels of the essential amino
acids and minerals. The mixture of wheat flour and soybean led to an increment of
the lysine content in bread along with an extension of the product’s shelf-life.
Composite flours made from cereals and legumes (wheat, rye, chickpea, soybean,
lentil, beans) are excellent sources of proteins, various essential amino acids, fats
and minerals.

The minerals’ composition of grains is different, as Table 2 shows, the best source
of potassium, phosphorus and calcium is the amaranth (D’Amico and
Schoenlechner, 2017).

Table 2. The minerals’ content in the sorghum, amaranth and wheat.

Average value, mg/100 g grains

Mineral content

Hard red
Sorghum  Amaranth winter wheat

Iron 5.7 6.41 3.19
Zinc 2.8 5.02 2.65
Magnesium 140 351.28 126
Potassium 320 684.37 363
Calcium 21 207.61 29

Phosphorus 337 495.57 288

For all the analysed samples the iron and zinc concentrations are very low. The
bioavailability of minerals depends on the antinutritional factors management and
processing technologies.

Even though gliadin and glutenin of rye flour do not form the gluten network, rye
is commonly used for bread preparation. Oats are usually used for their proteins
and fats, compounds that offer an enhanced nutritional value. The health effects of
oats and barley are linked to the soluble and insoluble fibres that can be useful in
cholesterol disorders, cardiovascular diseases and inflammatory reactions.
Buckwheat seeds have antioxidant, anti-inflammatory, anticarcinogenic and
prebiotic properties, which are characterized by the high level of lysine, B, and B,
vitamins.

Biotechnological conditions for sourdough production and use

The scientific literature classifies the sourdoughs into three or four types,
depending on the technological processes involved in their production or in the
products’ state. Type I sourdough is obtained by the spontaneous fermentation of
the flour by a wild consortium of LAB and yeasts. It is used in artisanal bakeries
after the daily propagation whereas type II sourdough is obtained by flour
fermentation with selected LAB strains. Usually, it is available as a liquid starter
culture. Type III sourdough is obtained by freeze-drying the type II sourdough and
it is used as a leavening agent or as a natural ingredient for flavouring.
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Nonetheless, other related drying techniques can be used. Type IV sourdough is a
combination between type I and II sourdoughs (Figure 1).

Fermentation

Fermentation (20-30°C, 6-24h)

(20-30°C, 6-24h)

Backspoppings +——

Fermentation
Spontaneous fermentation (=30°C, 1-3 days)

Figure 1. Different types of sourdough production (adapted from Papadimitriou et al.,
2019)

The most common LAB strains found in the type I sourdough were Lactobacillus
brevis, Lactobacillus alimentarius, Lactobacillus pentosus, Lactobacillus
sanfranciscensis, Lactobacillus sakei, Lactobacillus vaccinostercus, Weissella
cibaria. Furthermore, Saccharomyces cerevisiae and Candida humilis were the
yeast strains that are frequently associated with the type I sourdough microbiota.

The sugars fast and adaptable catabolism by LAB strains belonging to
Lactobacillus spp. genera makes them the most dominant species in the
sourdough's microbiota. In addition, the sugars metabolism led to the development
of antimicrobials, flavour compounds and exopolysaccharides (Papadimitriou et
al., 2019). Furthermore, the bacteria belonging to this genus remained stable during
the repeated backsloppings and increase of the nutritional and functional properties
of the fermented products.

Vogelmann and Hertel (2011) investigated the behaviour of several co-cultures
containing Lactobacillus  sanfranciscensis and Candida humilis strains,
respectively Lactobacillus reuteri, Lactobacillus johnsonii and Issatchenkia
orientalis strains in the sourdoughs production. They concluded that the
Lactobacillus sanfranciscensis and Candida humilis co-culture was the most
suitable for the wheat and rye sourdough production, when the fermentation was
carried out at temperatures between 20-30°C. They recommended that between 5-
20% of the fermented sourdough should be used for the daily backslopping. Also,
they demonstrated that Lactobacillus spp. and Issatchenkia orientalis strains can be
competitive in a fermentation conducted at 35-40°C, using as a fermentation
substrate wheat flour, rye flour and bran.



Pacularu-Burada et al. / AUDJG — Food Technology (2020), 44(1), 132-148 137

The strains’ diversity and their metabolic behaviour depend on the fermentation
parameters (pH, time and temperature), factors that define the final characteristics
of the sourdough. The study of the pH influence on the spontaneously fermented
liquid wheat sourdough revealed that some differences were observed between the
sourdough with a pH value of 4.0 and the other sourdoughs with a lower pH.
Precisely, when the pH was kept at 4.0 the amounts of lactic acid isomers and
ethanol increased and the metabolic activity of Lactobacillus fermentum, L.
plantarum, L. paraplantarum and L. pentosus strains was not affected. Lower pH
values led to an accumulation of volatile compounds that enhanced the flavour
(Van Kerrebroeck et al., 2016). Other studies stated that a low pH value can
influence the hardness of the bread, so the optimization of the fermentation
parameters must be assured in order to obtain a high-quality product (Siepmann et
al., 2019).

The parameters for the starter cultures’ production when taking under consideration
the medium-dependent factors (room temperature, refrigeration, freezing, stability
at light and atmospheric oxidation, no heat-associated denaturation) that must be
ensured are the viability and the stability during preservation. Nowadays, freeze-
dried products are preferred since they are easy to handle, have an extended storage
time and offer reproducible results.

Skim milk powder (10%) supplemented with monosodium glutamate (5%) was the
best combination of cryoprotectants when freeze-drying was applied for the
preservation of a consortium of LAB and yeast strains. After one year of storage at
room temperature, 87% of the bacterial cells’ viability was recovered (Stefanello et
al., 2019). The study conducted by Lu et al. (2017) followed the findings presented
above, mentioning that the Streptococcus thermophilus strain was preserved using
116.4 g/L skim milk, 77.4 g/L sodium glutamate and 79.6 g/L glycerol. This
medium composition offered a viability of 93.58% for the Streptococcus
thermophilus cells. The best survival rate for the starter culture containing one
Lactobacillus rhamnosus strain, that was stored at room temperature, was obtained
when the spray drying with a phosphate buffer solution supplemented with lactose
or trehalose was used (Broeckx et al., 2017). Spray drying techniques were also
used for the microencapsulation of Lactobacillus casei strain with skim milk to
maximize the probiotic effect and stability. The stability of the bacterial cells
depends not only on the involved strains but also on the preserving technology.

Benefits of sourdough for the bakery products quality and consumer’s health
Cereals contain mainly carbohydrates that are used by the LAB strains to produce
metabolites with different biological activities. The endogenous amylases from the
flours break down starch into maltodextrins that are hydrolysed to maltose and
glucose. The process is presented briefly in Figure 2. Moreover, LAB strains can
use unspecific metabolic pathways to produce bioactive peptides and organic acids
with antimicrobial properties starting from complex substrates. The sourdough’s
lactic acid fermentation reduced the allergenicity of wheat and rye flours due to
various enzymatic proteolysis reactions.
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Many LAB strains are able to produce postbiotic compounds like short chain fatty
acids (SCFA), especially propionate and butyrate that have positive effects on the
patients with irritable bowel disease and inflammatory reactions. Moreover, the
fermentation of B-glucans from oat, barley, wheat, and rye, respectively of
raffinose and stachyose from soy flour, chickpea, beans, peas and lentils by
selected Lactobacillus spp. strains leads to the production of acetate, propionate
and butyrate with therapeutic effect on depression, stress, autism, schizophrenia or
anxiety.

Exopolysaccharides production

Lactic acid bacteria, especially Lactobacillus spp., can produce exopolysaccharides
(EPS). Pediococcus spp., Lactobacillus spp., Weissella spp., and Leuconostoc spp.
strains are involved in the biosynthesis of extracellular homopolysaccharides
whereas Streptococcus spp., Lactococcus spp. and Lactobacillus spp. strains
produce heteropolysaccharides (Xu et al, 2019). The concentrations of the
synthesized exopolysaccharides could be related to a multitude of factors such as
the nutritional composition of the substrates, optimum fermentation conditions,
strains and their biochemical properties. Exopolysaccharides can be used as
prebiotics, being able to substitute hydrocolloids in gluten-free bread or other foods
in order to increase their functionality. Therefore, the EPS produced by LAB
strains have antimicrobial and anticarcinogenic effects. They can form complexes
with the free radicals and prevent cardiovascular diseases by lowering the
cholesterol level. It was demonstrated that the EPS-containing products
consumption had a positive impact on the immune system along with a better
glycemic response of patients with diabetes. Moreover, the utilization of LAB and/
or yeast strains that produce EPS and polyols to reduce the amount of sugar in
bakery products and enhance the textural features is a common practice today.
Therefore, mannitol (Lactobacillus sanfranciscensis, Leuconostoc mesenteroides,
Leuconostoc citreum), erythritol (Leuconostoc oenos) and xylitol (Candida milleri)
producers were tested.

Zhou et al. (2016) demonstrated that the mineral content of the fermentation
substrates is an important biotechnological factor for the production of
exopolysaccharides. Thus, some Lactobacillus plantarum strains growth on a
selenium-enriched fermentation medium led to an increased production of a water-
soluble heteropolysaccharide.

The artisanal fermented wheat bran sourdough was a good source for the isolation
of two EPS producing LAB strains. One of them belongs to the Lactobacillus spp.
genera that produced an EPS with a molecular weight of 5.36 x 10° Da whereas the
other one was a Pediococcus pentosaceus strain that synthesizes EPS with a
molecular weight of 4.65 x 10° Da (Abedfar et al., 2018). Weissella confusa
OF126 strain demonstrated that it can survive under acidic conditions or together
with bile salts for more than 48 hours, at pH 7.0, by cultivation on a modified MRS
medium supplemented with 24 g/L sucrose and 25 g/L yeast extract. The strain
produced 3 g/L EPS with a molecular weight of 1.1 x 10° Da (Adesulu-Dahunsi ez
al., 2018).
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Lactobacillus plantarum KX041 strain produced by cultivation in a MRS-modified
medium containing 20 g/L soybean peptone and 30 g/L lactose, pH 6.38, at 35°C
for 28 hours, an EPS with antioxidant activity and a molecular weight of 38.67 kDa
(Wang et al., 2017).

Antioxidant activity improvement and the reduction of antinutritional factors

Dietary antioxidants supplementation increases the body defence against oxidative
stress. Lactic acid fermentation is one of the most used biotechnological processes
that decreases the level of antinutrients in foods, along with washing, soaking,
sprouting, dehulling and thermal processing. Udomkun et al. (2019) demonstrated
that by mixing maize, sorghum, sesame, soybean cassava, rice or banana flours a
significant reduction of phytic acid can be obtained. The authors also demonstrated
that cassava and rice flours had lower tannin and phytate contents, fact that makes
them good candidates for composite flours, whereas the banana flour had a higher
concentration of tannins.

Lactic acid fermentation parameters are important factors that can change the
composition of the fermented product and its functionality. The influence of the
fermentation time and temperature was analysed for a whole-grain sorghum
spontaneously fermented product at 27°C for 24 hours, compared to a fermented
product obtained at 28°C for 48 hours. The increment of the fermentation time
determined a decrease of the antioxidants and also a lower concentration of
tannins, although the acidity and organic acids levels were higher (Adebo et al.,
2018a). The whole grains of sorghum with different concentrations of tannins were
studied when a single or mixed starter culture of Lactobacillus fermentum strains
was used to start the fermentation. The influence of different fermentation
parameters (34°C for 24 hours and 28°C for 72 hours) on the antinutritional factors
and antioxidants was analysed. The study highlighted that the sorghum with a high
tannins content had a better antioxidant capacity, an activity related to the gallic
acid, quercetin and catechin contents released after the fermentation. Furthermore,
the single or the mixed LAB strains used for the undertaken fermentation decreased
the tannins level and increased the flavonoids and total phenolic content (Adebo et
al., 2018Db).

The phytic acid content can be reduced by various endogenous and exogenous
enzymes biosynthesized by LAB. Two lactic acid bacteria strains isolated from
sorghum, Lactobacillus plantarum W723 and Streptococcus cremoris W722
respectively, released high quantities of extracellular phytases (Ogunremi et al.,
2017). The genes responsible for the phytate degradation were taken from
Bifidobacterium ssp. and inserted into the Lactobacillus casei genome. The
Lactobacillus casei strain was used afterwards for the whole wheat flour sourdough
production but unfortunately the reduction of phytate in the sourdough was not
significant due to the particle size of the whole wheat flour, the available water
content and the reduced viability. Instead, when the fermentation took place in the
MRS broth, this modified strain was able to decrease the phytate concentration
(Garcia-Mantrana et al., 2016).
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The protein-rich and starch-rich fractions of the dehulled faba bean flour were
fermented with one Lactobacillus plantarum strain. The fermentation reduced the
trypsin inhibitor activity and the condensed tannins, substances that were
concentrated in the protein-rich fraction of the flour (Coda et al., 2015).

It was demonstrated that the thermal treatment could modify the composition of the
raw sample. As such, through the lamination (100°C, 11 sec, 5 rpm) and puffing
(160°C, 30 sec) of the amaranth seeds in order to minimize the level of
antinutritional factors, the phytic acid concentration was reduced although no
significant changes were noticed in regards to the bioavailability of zinc and
calcium. However, a positive effect was obtained concerning the iron composition
(Burgos et al., 2018).

Sharma et al. (2018) demonstrated that the foxtail millet soaked for 60 min at 400
MPa and 60°C had the lowest concentrations of tannins and phytic acid. Also, an
enhanced antioxidant capacity was observed. The authors demonstrated that the
bioactive compounds concentration was increased through the foxtail millet
germination, while the antinutritional factors content was reduced.

The submerged fermentation of buckwheat flour with selected LAB strains was
studied in order to see the influence of a preliminary treatment (90°C, 15 min
followed by sterilization) on the buckwheat nutritional and bioactive compounds.
After the fermentation of the raw buckwheat with the Lactobacillus plantarum
strain, the level of total phenolic content was 2.16 mg gallic acid equivalent/ g dry
basis. For the roasted sample, the total phenolic content of 1.21 mg gallic acid
equivalent/ g dry basis was determined for the substrate fermented with the
Lactobacillus acidophilus strain (Zielinski et al., 2019).

The sourdough from pearl millet, fermented with the Weissella confusa strain that
is able to synthesize dextran, was added (10%) to the bread made with whole grain
pearl millet and wheat flours. Although the total phenolic content of the sourdough
bread fermented with Weissella confusa strain was smaller compared to the control,
the free phenolics concentration in the sourdough bread was higher (Wang et al.,
2019).

The phenolic content of a bread made with wheat flour, hop sourdough and rice
bran was substantially improved, as well as the sensorial and technological
properties of the fortified product.

Wheat flour from two wheat varieties with different maturity levels was subjected
to fermentation with a mixed starter containing Lactobacillus plantarum 98a,
Lactobacillus sanfranciscensis BB12 and Lactobacillus brevis 3BHI strains. Then,
the fermented products were cooked at 250°C for 20 min or at 210°C for 10 min.
After the thermal treatments, the highest total polyphenols content (433.12 mg/100
g dry base) was assessed for the immature wheat sourdough after a thermal
treatment at 250°C (Saa et al., 2017).

Chi and Cho (2016) compared the impact of soybean groats fermentation using a
Bacillus spp. strain with the samples fermented using a starter culture made of
Lactobacillus spp. and Saccharomyces cerevisiae strains. They demonstrated that
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the LAB and yeast consortium was not as effective as the Bacillus spp. single
fermentation on the antinutritional factors reduction (trypsin inhibitor, raffinose
and stachyose).

Assurance of the biopreservation of bakery products through the use of
sourdough

Some metabolites produced by microorganisms during fermentation could play the
role of biopreservatives by being used as sourdough by-products in bread making,
as follows:

Acids

Sourdough bread has an extended shelf-life and a better sensorial quality due to
some organic acids (lactic, acetic and propionic), a fact that comes with a delayed
microbial contamination, a starch retrogradation process, as well as a higher
concentration of free amino acids. It was reported that a new strain of Lactobacillus
reuteri isolated from whole wheat sourdough can inhibit the Aspergillus niger
growth and the B1, B2, G1 and G2 aflatoxins biosynthesis (Sadeghi et al., 2019).
The supplementation of the fermentation medium with specific growth factors can
increase the biosynthesis of the targeted metabolites. This idea was highlighted by
Schmidt et al. (2017) who demonstrated that the phenyl lactic acid biosynthesis
yield was significantly higher when phenylalanine (1.5%) was added in the
cultivation medium of a Lactobacillus reuteri strain, at 37°C for 48 hours.

A 24 h cell-free supernatant from Lactobacillus plantarum strain had a higher
concentration of lactic acid that made it suitable for biopreservation purposes
(Russo et al., 2017). Axel et al. (2016) identified numerous antifungal compounds
(4-hydroxyphenyl acetic acid, 4-hydroxybenzoic acid, 3-phenyl lactic acid, benzoic
acid, salicylic acid, 2-hydroxyisocaproic acid, 2-hydroxydodecanoic acid, f-
hydroxy lauric acid) in the quinoa and rice sourdoughs fermented by Lactobacillus
reuteri and Lactobacillus brevis strains at 37°C and 30°C, respectively for 48
hours.

The presence of linoleic and ricinoleic fatty acids in the cultivation medium
determined the biosynthesis of different conjugated linoleic acid isomers (CLA)
when Lactobacillus spp. or Bifidobacterium spp. strains were involved in the
fermentation process (Ogawa et al., 2005). The fatty acids content in the fermented
medium was modified when Lactococcus spp. and Leuconostoc mesenteroides ssp.
mesenteroides were used in a co-culture. The fermented product had a better
functionality due to the antilisterial properties (Borges et al, 2019). Dietary
polyunsaturated fatty acids (PUFA) inhibit Staphylococcus spp., Streptococcus
spp., Mycobacterium spp., Helicobacter spp., and Bacillus spp. Furthermore, they
have a positive impact on the fatty liver and cardiovascular associated diseases. It
should be mentioned that the ratio between different PUFAs is a decisive factor
that can make the difference between the health-promoting effects and the
unwanted side effects. The study conducted by Nakamura ef al. (2019) emphasized
that the consumption of fatty acids that contain from 4 to 10 carbons is not related
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to the risk of cardiovascular diseases. Instead, the dietary long-chain fatty acids
(12-22 carbons) represent a risk factor for cardiovascular disorders.

Peptides and other biopreservatives

Bacteriocins have antifungal and bactericidal effects on either pathogenic or LAB
strains. The incorporation in foods of LAB strains that biosynthesize bacteriocins
enhances the antioxidant, anti-inflammatory and hypocholesterolemic properties of
the final products. Lactobacillus spp. and Pediococcus spp. strains are used
frequently for their bacteriocin-producing capacity. It was reported that garviecin, a
class II bacteriocin, produced by the Lactococcus garvieae strain is not affected by
heat treatment, lipolytic and amylolytic enzymes. Although the bacteriocin
remained active at low pH values against Gram-positive and Gram-negative
bacteria, its activity was affected by proteases (Gao et al., 2015). Staphylococcus
aureus and Pseudomonas aeruginosa were inhibited by the Lactococcus spp.
extracellular bacteriocins released in the MRS broth. The maximum biosynthesis
was noticed at pH values between 5.0-7.0 and 28°C (Barman et al., 2018).
Lactobacillus plantarum, Lactobacillus reuteri and Lactobacillus gasseri strains
produced small heat-stable bacteriocins in the presence of bile salts that were active
under acidic conditions against Listeria monocytogenes and Bacillus cereus
(Mohammadi et al., 2018; Lv et al., 2018). Pediococcus acidilactici produced a
bacteriocin in MRS broth, after 20 hours of fermentation at 37°C, which was stable
at pH values ranging from 2.0 to 11.0 and it had an antibacterial effect against
Listeria innocua and Streptococcus mutans. The pediocin was inactivated by o-
amylases and proteases (Ahn et al., 2017). Rizzello et al. (2016) reported that a
mixture of pea, lentil and faba bean flours hydrolysed with a commercial protease
can increase significantly the shelf-life of wheat bread, up to 14 days, due to the
bioactive proteins and peptides.

Experimental design tests were carried out to establish the maximum antilisterial
bacteriocin biosynthesis capacity of a Lactobacillus plantarum strain cultivated on
a whey based medium. The undertaken study showed that the whey based medium
supplementation with soybean extract, tryptone, and Bj, vitamin increased the
antimicrobial properties when the fermentation took place under agitation (50 rpm)
for 48 hours at 30°C. Lactobacillus salivarius’s bacteriocin strongly inhibited
Streptococcus — spp., Staphylococcus —aureus, Enterococcus faecium and
Micrococcus luteus at pH values between 2.0-5.0 and temperatures between 40-
80°C. Salivaricin was produced in the MRS broth at 37°C after 20 hours of
fermentation. A novel fermentation medium with tryptone, peptone, yeast extract,
glucose, ascorbic acid, Tween 80 and salts was used to increase the amount of
bacteriocin. The influence of temperature (20°C, 25°C, and 30°C) and the NaCl
concentration (0%, 2%, 4%, and 6%) on the biosynthesis of an antilisterial
plantaricin was also studied and it was concluded that the bacteriocin activity
decreased with the increasing concentration of NaCl along with the decrease of the
incubation temperature. Lactobacillus sakei ssp. sakei strain was able to grow and
produce antilisterial bacteriocin at 4°C when a medium composed of peptone
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(1.8%), beef extract (1.2%), yeast extract (0.6%), starch (2%) and glucose (0.5%)
was used (Barbosa et al., 2018).

The compounds with properties similar to those of bacteriocins, whose amino acids
sequence was not characterized, are recognized in the literature as bacteriocin-like
inhibitory substances (BLIS). Pediococcus spp. and Lactobacillus spp. strains
isolated from sourdough can produce BLIS with inhibitory activity against Bacillus
subtilis making them suitable for bakery products biopreservation. The BLIS
synthesized by Lactobacillus spp. strains remained active for months even when
different stressors (pH, temperature and ethanol) were applied. Moreover, goat
cheese whey was the best cultivation medium for the Lactococcus lactis strain that
produces BLIS antibacterial compounds. The positive effects of BLIS can be
enhanced if the cultivation parameters for the Lactococcus spp. strain are optimized
(Chaves de Lima et al., 2017).

Conclusions and future perspectives

Even though the sourdough production field was studied in the last decades and the
literature offers various scientific data, there is still an increasing interest in this
topic for a better understanding of the processes. The sourdough technology
innovations are still to be found from now on because there are a lot of valuable but
underutilized foods, ingredients and industrial by-products. Making food products
that can satisfy the special nutritional requirements involves the diversification of
the flours used in the sourdough production, the unconventional ones being brought
currently under the attention of specialists for their nutritional and functional
properties. Moreover, in the near future, new microorganism strains will be
discovered, and their performances will be adapted so to obtain fermented products
with improved properties. At the same time, the shelf-life extension using
innovative healthy technologies that provide an increased functionality will also be
regarded as future concerns. These objectives could be reached only if systematic
approaches will be employed by taking into account the technological, nutritional
and functional aspects that will lead to a better life quality.
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