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Abstract: The applicability of two lactic acid bacterial strains with probiotic potential and biopro-
tective properties as additions in the starter culture in yogurt fermentation was examined. The stud-
ied strains, Lactobacillus delbrueckii subsp. bulgaricus KZM 2-11-3 and Lactiplantibacillus plantarum KC
5-12, inhibited the growth of Kluyveromyces lactis, Kluyveromyces marxianus, and Saccharomyces cere-
visiae. The strain L. delbrueckii subsp. bulgaricus KZM 2-11-3 directly inhibited Escherichia coli. The
important characteristics for the quality of the yogurt product, such as physicochemical parameters
during fermentation and storage, rheological characteristics, and sensory changes during the stor-
age of samples were determined. The yogurt samples with the strains did not differ in most param-
eters from the control yogurt with the commercial starter. The added strains showed stable viability
in the yogurt samples during storage. The yogurt sample with L. delbrueckii subsp. bulgaricus KZM
2-11-3 and the sample with both strains based on the total evaluation were very similar to the control
yogurt with the commercial starter. Using these strains as probiotic supplements to enrich the starter
cultures in yogurt production will contribute to developing new products with benefits to human
health.

Keywords: yogurt; fermentation; probiotic strains; Lactobacillus delbrueckii subsp. bulgaricus;
Lactiplantibacillus plantarum

1. Introduction

Functional food has many definitions, but according to the European consensus,
functional food, besides its basic nutritional value, improves health benefits and reduces
the risk of diseases (European Commission) [1]. A functional food can be a natural food
or one to which components have been added, removed, or modified [2]. Traditional dairy
foods can be considered functional foods as they have nutritional value and more im-
portantly, they impart health benefits [3]. Among the functional milk-based products is
yogurt. Yogurt is one of the most popular products originating from countries around the
Balkans and Eastern Mediterranean Sea and is widely consumed worldwide. It was pro-
duced based on the knowledge and processes that were inherited from the ancestors. Yo-
gurt is a result of the fermentation process of living microorganisms, specifically lactic
acid bacteria (LAB), which ferment lactose into lactic acid, causing the coagulation of milk.
LAB present in milk during fermentation play a very important role in enriching it with
nutritional values. Microorganisms enable the enrichment of milk with lactic acid, pep-
tides, and amino acids with antimicrobial [4] and antioxidant activities [5], as well as break
down the milk fat into free fatty acids [6] and produce compounds in the yogurt matrix
that contribute to the aroma and taste of yogurt [7,8]. The combination of Streptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus strains is the most common
starter culture to produce yogurt [4,9]. The first researcher to discover L. bulgaricus was a
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Bulgarian scientist, Stamen Grigorov, in 1905. The lactic acid bacterium was named Bacil-
lus bulgaricus. In 1909, Illya Metchnikoff, a Nobel Prize-winning scientist, suggested that
the longevity of the Bulgarian population was associated with the lactobacilli present in
yogurt [10]. L. bulgaricus has attributes enabling its use as a probiotic, showing health ben-
efits in the hosts [11]. In addition to these two species, other species are also used as starter
cultures [12]. Lactiplantibacillus plantarum can be used as a starter culture, enriching the
yogurt with amino acids, volatile flavor compounds, and unsaturated fatty acids [13,14].
Numerous studies have shown that yogurt has different beneficial effects on human
health, such as antimicrobial and antioxidant effects [15-17], helps against gastrointestinal
diseases [18], is anti-inflammatory [19], acts against high blood pressure [17,20] helps the
immune system [21], reduces the risk of osteoporosis [22], and helps with cardiovascular
diseases and diabetes [22,23].

The steps of the production process such as the thermal treatment of milk, incubation
conditions during fermentation, and the cooling process [24], as well as the composition
of the milk and the types of bacterial cultures, are the main aspects of the texture of yogurt
[25]. Knowledge of rheological properties is of particular importance in product quality
control. There are several factors that affect viscosity. The type of strain used mainly acts
as an important factor in the viscosity of the yogurt. The fermentation rate (low incubation
temperature) results in lower viscosity. The decrease in syneresis brings an increase in
viscosity [24]. The acidification caused by LAB producing lactic acid is an important mech-
anism for the process of yogurt production, which leads to a decrease in pH. While the
pH of milk decreases, milk proteins aggregate to form yogurt gel [26]. Redox potential
(RP) is attracting attention as an important component in fermentation processes. Accord-
ing to Martin et al., RP has been proven to stimulate the production of aroma compounds
[27]. Yogurt is composed of water, proteins, polysaccharides, and fat and is a rich source
of calcium, magnesium, vitamin B, etc. [22,28]. The protein—water interaction (protein sol-
ubility) is considered to be one of the most important functional attributes of proteins be-
cause it affects the structure, color, emulsification, foaming, and sensory properties of food
products. High solubility is desirable to achieve the required degree of gelation. Protein
solubility depends on the amino acid composition, molecular weight, surface characteris-
tics of the constituent amino acids, and environmental factors such as pH, temperature,
and ionic strength [29]. Zayas, (1997) defined the water-holding capacity (WHC) of foods
as the ability to hold their own and added water during the application of forces, i.e.,
pressing, centrifugation, or heating; the WHC plays a major role in the formation of the
food texture. The WHC of a protein gel is a vital consideration in yogurt production be-
cause it is related to viscosity and syneresis, which is due to the internal instability of the
gel (water released or expelled from the three-dimensional structure of proteins), resulting
in water loss after some storage time [30]. Syneresis is the whey separation ability and is
undesirable for yogurt. Syneresis is considered a texture defect in yogurt. The restructur-
ing of the matrix of casein micelles leads to the removal of water from the structure. This
is the main cause of syneresis. Factors that have a significant impact on the texture and
removal of whey in yogurt are the composition of the base milk, the fermentation process,
the strains used, the type of acidification kinetics, and the post-fermentation treatment
[31]. All of these parameters are related to each other, and together they contribute to the
formation of the final product, with the corresponding physicochemical, rheological, and
sensory characteristics.

As mentioned above, one of the factors that affects the product production process is
the bacterial culture [25]. The presence of different strains in a product influence the pa-
rameters mentioned above, which means that the product has different characteristics de-
pending on the strains used [13,14]. Increasing attention to probiotic yogurt as a functional
food with beneficial effects for humans directs scientific researchers to research product
characteristics when probiotics are present in the product. For the development of new
dairy products with applied probiotic auxiliary cultures, the most important factors that
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must be taken into account are the effect of probiotics in the fermentation process, the
quality of the product, and the final acceptability for consumers [14].

In the current study, the strain L. delbrueckii subsp. bulgaricus KZM 2-11-3, an isolate
from traditionally prepared yogurt, and Lpb. plantarum KC 5-12, an isolate from artisanal
cheese, were preselected as strains with probiotic potential and bioprotective properties
[32]. In both strains, a well-defined effect of the viral replication inhibition of human alpha
herpesvirus HHV-1 and HHV-2 with a high selective index was observed [33]. Both strains
have shown antibacterial activity against a wide range of gram-positive and gram-nega-
tive pathogenic bacteria and antifungal activity against filamentous molds associated with
food contamination. The strain Lpb. plantarum KC 5-12 has a very good ability to survive
under different conditions of the gastrointestinal tract (GIT) such as pH 2 and the presence
of enzymes and bile salts, while the strain L. delbrueckii subsp. bulgaricus KZM 2-11-3 has
a good ability to exhibit auto-aggregation and hydrophobicity and has adhesive potential,
such as binding to mucin, characteristics that determine their role in competition with
pathogens and their probiotic potential [32].

The aim of this work is related to studying the applicability of the two selected strains
in yogurt starter cultures to enrich the starter culture with strains that have health benefits
for consumers. The important characteristics for the quality of the yogurt product, such
as physicochemical parameters during fermentation and storage, rheological characteris-
tics, sensory analysis, and strain viability during the storage of samples, were determined.

2. Materials and Methods
2.1. Co-Cultivation of Escherichia coli with LAB Strains in Milk

The co-cultivation of test bacterium Escherichia coli ATCC 25922 with two selected
LAB strains, L. delbrueckii subsp. bulgaricus KZM 2-11-3 and Lpb. plantarum KC 5-12, was
determined according to Fijan et al. [34] with modifications. In brief, 19 mL of sterilized
milk (with 3% fat) was initially inoculated with 2.5% of lactic acid bacteria (initial concen-
tration 108 CFU/mL). Then, 1 mL of E. coli overnight culture standardized to 0.8 Mac Far-
land (108 CFU/mL) was inoculated. E. coli samples inoculated in milk without the presence
of LAB and with the presence of a 1% commercial starter culture (LB Bulgaricum, Sofia,
Bulgaria) were used as control variants. The fermentation was carried out overnight at 37
°C in an incubator (Binder, Tuttlingen, Germany). The enumeration of test bacteria was
carried out immediately after inoculation, after the fermentation, and after 5 days of stor-
age at 4 °C. The colony counting after serial dilutions was performed in Petri dishes con-
taining HiCrome E. coli Agar (HiMedia, Mumbai, India) selective medium for E. coli fol-
lowing incubation at 37 °C for 24 h.

2.2. Antifungal Activity against Yeasts

Antifungal activity was determined according to Fayyaz et al. [35] with modifica-
tions. Cell-free supernatants (CFSs) from 24 h cultures of the two isolated strains were
used against yeasts Kluyveromyces lactis 1470, Kluyveromyces marxianus var t3, and Saccha-
romyces cerevisiae NBIMCC 537. Selected strains cultivated for 24 h in de Man, Rogosa, and
Sharpe (MRS) broth (Himedia, Mumbai, India) were centrifuged (6000x g, 10 min, 4 °C),
and the supernatants were filtered through 0.20 pm membrane filters. Then, 950 pL of the
isolated supernatants and 50 UL of the yeast suspension (10¢ CFU/mL) were dispensed in
24-well plates (Costar, Corning Incorporated, MA, USA). The plates were placed in a
shaker (Lauda-GFL 3033, LTF Labortechnik GmbH & Co. KG, Wasserburg, Germany) at
180 rpm/min at 30 °C for 72 h. The growth of the yeasts was measured using a SPECTRO-
star® Nano Microplate Reader (BMG LABTECH, Ortenberg, Germany) at 600 nm. Inocu-
lated yeasts in malt extract broth were used as positive controls (Oxoid, Basingstoke, UK).
The yeast growth was calculated according to [36] as OD: — ODo, where the OD: is the
absorbance after a certain incubation time, and ODo is the absorbance at the start. The



Foods 2023, 12, 2552

4 of 15

yeast growth in the control was considered to be 100% growth. Based on this, the percent-
age yeast growth inhibition was calculated.

2.3. Yogurt Preparation

The yogurt samples were prepared according to Fayyaz et al. [35] with modifications,
using pasteurized cow’s milk with 3% fat content. The commercial starter culture of yo-
gurt (LB Bulgaricum, Sofia, Bulgaria) and the selected strains (L. delbrueckii subsp. bulgar-
icus KZM 2-11-3, Lpb. plantarum KC 5-12) at 108 CFU/mL were inoculated in tempered milk
at the concentrations in Table 1. The sample with inoculation of 1% commercial starter
culture (LB Bulgaricum, Sofia, Bulgaria) was used as a control. The fermentation process
lasted 5 h at 41 °C in an incubator (Binder, Tuttlingen, Germany), and then the samples
were stored at 4 °C for 28 days.

Table 1. Concentrations of selected strains and starter culture based on the milk volume.

Strains (w, %)

Yogurt Commercial L. delbrueckii subsp. bulgaricus L. plantarum
Samples Starter Culture KZM 2-11-3 KC5-12
(LB Bulgaricum) (w, %)
1 1 - -
2 0.1 5
3 0.1 - 5
4 0.1 2.5 2.5

2.4. Determination of pH, RP, and Titratable Acidity (TA)

The pH and RP (mV), were measured with a digital pH meter (FiveEasy F20, Mettler
Toledo®, Greifensee, Switzerland) during the fermentation process every hour and during
the storage of samples on days 0, 7, 14, 21, and 28. For the measurement of TA (°T), 10 mL
of samples was mixed with 10 mL of distilled water using as an indicator 0.5% phenol-
phthalein and titrated with 0.1 N NaOH [37]. The measurements were made with a digital
burette ISOLAB Laborgerate GmbH, Eschau, Germany) at the same experimental points
as pH and RP during the process of fermentation and the storage time.

2.5. Determination of the Water-Holding Capacity and Syneresis

The WHC was determined via centrifugation at 4000x g for 20 min at 10 °C following
the method according to Fayyaz et al. [35]. The initial yogurt weight and supernatant
weight were measured. The WHC was calculated following Parvarei et al. [38]: WHC (%)
= [(Yogurt weight — Supernatant weight)/Yogurt weight] x 100.

Syneresis was determined according to [38] with modification, where 10 g of yogurt
samples was centrifuged at 260x g for 10 min at 4 °C. The weight of separated whey was
measured and the percentage of syneresis determined following the formula: Syneresis
(%) = (whey separated/10) x 100.

2.6. Apparent Viscosity

Apparent viscosity was determined according to Yan et al. [39] with modification.
The apparent viscosity was measured with an NDJ-55 digital viscometer (Shanghai Draw-
ell Scientific Instrument Co., Ltd., Shanghai, China) using spindle No. 4, and the shear
velocity was 30 rpm for 60 s. The apparent viscosity was expressed in cP (centipoise).

2.7. Enumeration of Bacteria in Yogurt

One gram of each yogurt sample was diluted with 10 mL PBS, and serial dilutions
were made according to [40]. Then, 1 mL of the corresponding dilution was spread on
MRS agar for the enumeration of LAB strains after 48 h of incubation at 41 °C. This method
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was repeated on days 0, 7, 14, 21, and 28, and the number of bacteria was calculated as
CFU/g.

2.8. Sensory Analysis

Sensory analysis of the yogurt was performed by a panel (n =15) pre-acquainted with
the sensory characteristics of yogurt according to the National Standard for Bulgarian Yo-
gurt (BDS 12:2010) [41]. The evaluation of yogurt samples was performed for the determi-
nation of the compliance of seven sensory indicators according to BDS 12:2010. Sensory
analysis examines the indicators (surface, color, presence of liquid above the surface,
structure, homogeneity, aroma, and taste) on a scale from 0 to 5 for each indicator. When
the indicators corresponded to the requirements of the standard, the maximum number
of points was given, with fewer points given when there were deviations from the stand-
ard. The total number of points based on the seven indicators was 35, when each of them
was evaluated with the maximum number of 5 points. The conditions for carrying out the
sensory analysis of the yogurt were in accordance with the requirements of the Bulgarian
National Standard for the sensory evaluation of milk products (BDS 15612:1983) [42]. All
samples were coded and presented in sterile individual containers in an amount of 50 mL
of yogurt. The sensory analysis of the yogurt samples was determined during storage (0,
7,14, 21, and 28 days).

2.9. Statistical Analysis

All experiments were performed in triplicate. Results are presented as the mean +
standard deviation (SD). One-way analysis of variance (ANOVA) was applied using the
Tukey test for comparison of the means of yogurt samples during the storage period (** p
<0.01 and * p <0.05). A Pearson correlation was carried out to determine the relationship
between the characteristics of the yogurt samples with the correlation coefficient (r) > 0.5.

3. Results and Discussion
3.1. Inhibition of Escherichia coli

E. coliis a bacterium that usually colonizes the intestines of warm-blooded organisms
(humans and animals). Primary sources are raw or undercooked meat products, raw milk,
and vegetable contamination. Some of the strains of E. coli can cause serious diseases [43].
LAB present in food products play a protective role because they are able to inhibit the
growth of pathogenic bacteria [44,45].

Figure 1 presents the results of E. coli growth in yogurt inoculated with the lactoba-
cilli strains and starter culture and in milk without the presence of LAB. The strain L.
delbrueckii subsp. bulgaricus KZM 2-11-3 sensitively inhibited the growth of the test path-
ogen E. coli, with an almost 5-fold reduction in the product obtained after fermentation.
After the storage of the product, the reduction in E. coli was more than 6-fold. In yogurt
with strain Lpb. plantarum KC 5-12, no inhibitory effect was observed under these experi-
mental conditions.

Different studies have shown that LAB can inhibit the growth of different strains of
pathogenic and non-pathogenic E. coli. Oja et al. [44] reported that LAB inhibited diarrhe-
agenic E. coli during co-culturing in yogurt. Fijan et al. [34], who co-cultured E. coli with
probiotics, proved that single-strain probiotics had a greater effect in inhibiting the path-
ogen. By reducing the pH in yogurt, the antibacterial effect increases [45], and this may
depend on the presence of the amount of lactic acid in the product and other organic acids.
The viable cells of food-borne pathogens can be reduced by H>O2 accumulated by LAB
[46]. Ortiz-Rivera et al. reported that the production of reuterin in a fermented milk prod-
uct by L. reuteri inhibited pathogens and spoilage microorganisms, such as E. coli and
other pathogens [47]. The studied strain L. delbrueckii subsp. bulgaricus KZM 2-11-3 can
reduce the pH and has positive peroxidase activity [32], which could be the main reasons
for its inhibitory activity against E. coli in yogurt.
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For the yogurt variant with KZM 2-11-3 and the yogurt variant with the starter cul-
ture, there was a statistical difference in the viable cell counts of E. coli after fermentation
and 5 days of storage compared with the viable cell counts of E. coli before fermentation,
indicating a significant decrease in the number of cells (Figure 1).
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Figure 1. Growth inhibition of Escherichia coli ATCC 25922 by the selected strains. Error bars indicate
the standard deviation of the means. One-way analysis of variance (ANOVA) was applied using the
Tukey test for comparison of the means of variants of E. coli co-cultured with LAB in milk (** p <
0.01 and * p < 0.05).

3.2. Antifungal Activity against Yeasts

In dairy products, yeasts such as K. marxianus, K,. lactis, or S. cerevisiae are commonly
present [48-50]. Kluyveromyces ssp. and Saccharomyces ssp. are frequent spoilers of fresh
dairy products including fresh cheese and yoghurt [50-52]. Yeasts have the ability to me-
tabolize milk components such as lactose, proteins, and fat. They use the lactose as a car-
bon source, competing with LAB for nutrients [51,53]. The yeasts contribute to the char-
acteristics of the product in which they are present due to their ability to produce highly
desirable aroma compounds, different from those of LAB, which lead to changes in the
final product. LAB are particularly important in fermentation because, in addition to pro-
ducing desirable acids and flavor compounds, they have the ability to inhibit the growth
of undesirable organisms [54]. In our study, we aimed to prove that each of the studied
strains could be incorporated into starter cultures for the production of yogurt that meets
the requirements of the standard [41]. The presence of yeast imparts different sensory
characteristics to the final products, and therefore, it was important to establish the effect
of yeast growth inhibition.

Table 2 shows the results of the percentage growth inhibition of yeasts K. marxianus
var t3, K. lactis 1470, and S. cerevisiae NBIMCC 537 in the CFSs of the two selected strains
of LAB, L. delbrueckii subsp. bulgaricus KZM 2-11-3 and Lpb. plantarum KC 5-12. All three
yeasts were inhibited by the CFSs of the LAB strains, in a specific and different way de-
pending on the type of yeast and the LAB strain. The inhibition of yeast K. lactis occurred
within 48 h. Meanwhile, for K. marxianus and S. cerevisiae, there was inhibition within 72
h by the CFSs of both strains. Both strains inhibited K. marxianus by more than 80% within
72 h and K. lactis by more than 60% within 48 h. Strain Lpb. plantarum KC 5-12 inhibited S.
cerevisige by about 70% and strain L. delbrueckii subsp. bulgaricus KZM 2-11-3 by about 30%
within 72 h. The strain Lpb. plantarum KC 5-12, despite the fact that no inhibitory effect
was observed for E. coli, was a good inhibitor of yeasts in foods, with an inhibitory effect
greater than 60%. Other studies reported that Lpb. plantarum has antagonistic activity
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against yeasts K. lactis, K. marxianus, and S. cerevisiae as well as other yeasts [55,56]. As
LAB have symbiotic relationships with yeasts present in different fermented products [57-
59], the focus on antifungal activity may not be that high. L. delbrueckii has antifungal ac-
tivity against pathogenic yeasts such as Candida ssp. [60].

Table 2. Percentage of yeast growth inhibition in the cell-free supernatant of two selected strains.

Effect of Growth Inhibition of Yeasts, %
Lactobacillus delbrueckii Lactiplantibacillus

Time for Inhibit
Yeasts rme E(;e(; 111 tory subsp. bulgaricus plantarum
’ KZM 2-11-3 KC5-12
K

luyveromyces 72 84.5+5.8 81.6+5.8

marxianus
Kluyvero'myces 48 693+1.6 624+14

lactis

Sacchar?n?yces 7 31.6+2.6 68.9+8.0

cerevisiae

The percentage yeast growth inhibition was calculated from yeast growth in the control. Data are
expressed as the mean + standard deviation.

3.3. Physicochemical Characteristics of Yogurt during Fermentation and Storage

Food products must meet certain quality requirements according to the relevant
norms. Some of the main indicators of the fermentation process and product quality are
pH, RP, and TA [27,28,55,61]. Many studies are performed for the evaluation of these pa-
rameters and other parameters that are important indicators of product quality and con-
sumer acceptance [26,27,34,35,38,62,63]. In our case, the quality control of yogurt was per-
formed by analyzing the physicochemical characteristics during the entire process. Figure
2 presents the results of pH, RP, and TA during the fermentation process and during stor-
age at 4 °C for four types of yogurts, described in Table 1. The analysis showed that the
pH decreased and RP and TA increased during fermentation and storage. The growth of
LAB in yogurt causes the accumulation of organic acids, mainly lactic acid. Due to the
increase in the content of lactic acid, the food matrix becomes acidic and the pH gradually
decreases, while the concentration of hydrogen ions (H+) increases [45]. A first stage (4 h)
was observed during the fermentation process, where the curves of yogurt samples with
the strains continued to differ from that of yogurt sample 1. The second stage was the last
hour of the fermentation process, where the curves of all yogurt samples were similar. The
curves of the yogurt samples were generally similar during storage. The pH at the end of
the fermentation process in all samples of yogurt was similar to that in the control, in the
range of 4.4-4.8, and during storage, in the range of 3.8-4.8. RP also indicated that there
were no large variations in the samples, and they were similar to the control. At the end
of the fermentation process, the RP was in the range of 160-180 (mV), and during storage,
in the range of 150-190 (mV). TA at the end of the fermentation process was similar to that
in the control, i.e., 50-70 (°T). During storage, samples 2 and 4 had TA values similar to
that in the control, but sample 3 had a lower TA. Similar results for yogurt parameters
during the fermentation process were found in the study [38], and such changes during
storage were also noticed in the study [35].
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Figure 2. Parameters of the yogurt samples during the process of fermentation: (a) pH; (c) redox
potential (mV); (e) titratable acidity (°T), and during storage: (b) pH; (d) redox potential (mV); (f)
titratable acidity (°T).

3.4. Water-Holding Capacity and Syneresis

One of the main properties of yogurt production is the formation of gel. The decrease
in pH and denatured whey proteins cause the accumulation of casein. The accumulation
of casein captures more water molecules. For yogurt, it is important to study this param-
eter as it is related to the texture of the product and is essential for microbial growth [64—
66]. The results of WHC are demonstrated in Table 3. The sample with the highest WHC
in the casein micellar structure, similar to the control yogurt, was the 3rd yogurt sample.
Sample 4 was in between samples 2 and 3. No statistically significant difference in WHC
during storage was observed among the yogurt samples.

The instability of water in foods is illustrated by the separation of water being lost
from gels, especially during low-temperature storage [66]. Syneresis, the phenomenon of
water loss, is undesirable in yogurt. The results of syneresis are presented in Table 3, and
a decrease in syneresis was observed from the first day to the 28th day of product storage.
The yogurt samples with the lowest amount of whey released, i.e., similar to the control
yogurt, were samples 3 and 4. In the first 7 days of storage, sample 4 released the lowest
amount of whey. After the 7th day, sample 3 released the lowest amount of whey. No
statistically significant difference in syneresis during storage was observed among the yo-
gurt samples. All samples of yogurt were similar in WHC and syneresis, showing that the
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inoculated strains did not affect these parameters. Other studies have shown that the per-
centage WHC in yogurt is approximately similar to the values in this study [38,67], and
for syneresis, similar results were found in other studies [3,68].

Table 3. Percentages water-holding capacity and syneresis of the yogurt samples during storage.

WHC, % Syneresis, %
Yogurt Samples Yogurt Samples
Storage Time 1 2 3 4 1 2 3 4
0 day 36.7 +0.02 351+260  37.7+3.37 35.5+0.20 8.6+1.50 12.6+0.50 10.0+£325 9.4+0.80
7 days 35.8+0.96 33.3+0.13  35.3+0.74 343+0.12 76+0.80 129+270 102+0.70 7.8+0.68
14 days 38.2+0.92 36.5+1.26  36.7+0.96 35.8+1.15 73+0.95 10.0+030 8.4=+0.00 9.6+1.44
21 days 36.4+0.89 343+024  349+0.94 34.3+0.52 8.6+1.80 8.8=x1.10 83+1.20 10.3+0.78
28 days 36.7 +2.44 351+217 37.7+213 35.5+2.11 6.7+1.05 9.9+0.85 6.7 +0.00 6.9 +3.44

The percentage water-holding capacity and syneresis are expressed as the mean + SD of triplicate
samples. One-way analysis of variance (ANOVA) was applied using the Tukey test for comparison
of the means of yogurt samples during storage (p > 0.05).

3.5. Rheological Characteristics (Viscosity)

According to Mok et al., [64] as the protein gel is formed, the apparent viscosity in-
creases rapidly and then reaches a plateau as the final network forms, entrapping the fat
globules and residual serum. The increase in the structural strength of the protein network
is considered to increase the apparent viscosity [64]. Viscosity results are presented in Fig-
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o

Figure 3. Apparent viscosity of yogurt samples during storage in cP. Error bars indicate the standard
deviation of the means. One-way analysis of variance (ANOVA) was applied using the Tukey test
for comparison of the means of yogurt samples during storage (** p <0.01).

On day 0 of storage, the yogurt samples with LAB strains showed much lower vis-
cosity than the control yogurt. The viscosity had a noticeable increase on the 7th day of
storage compared to the Oth day of storage, approaching the value of the control, espe-
cially for sample 3 inoculated with strain Lpb. plantarum. Strains of Lpb. plantarum can pro-
duce exopolysaccharide (EPS) that has high thermal stability, which improves the struc-
ture of yogurt by increasing its viscosity [69]. In the study by Yang et al., Greek yogurt
containing Lpb. plantarum had high viscosity [40]. Sample 4 inoculated with strains L. del-
brueckii subsp. bulgaricus KZM 2-11-3 and Lpb. plantarum KC 5-12 had the lowest viscosity.
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In contrast, Yang et al. [40] reported that yogurt with L. delbrueckii subsp. bulgaricus had
the lowest viscosity. These contrasting results can be interpreted by relying on interactions
between binary cultures. No statistically significant difference was determined for yogurt
sample 1 (p > 0.05). It can be emphasized that the viscosity that increased on the 7th day
in samples 2, 3, and 4 was statistically different compared to the viscosity of the yogurt
samples on day 0 of storage. Viscosity improved on the 7th day of storage for the three
yogurt samples, maintaining the stability and approximately similar values until the 28th
day. Similar results for the range of viscosity were found in other studies [35,39].

Factors that influence the fermentation process can affect the viscosity of the final
product. As explained above, WHC is related to syneresis and viscosity and is important
for product texture [30]. Further, the presence of different strains results in the production
of acids at different rates and concentrations. The presence of acids affects the viscosity of
the product, making viscosity a culture-dependent trait [70]. A Pearson correlation was
carried out to determine the relationship between WHC, syneresis, pH, TA, and viscosity,
and these variables had a very strong positive correlation, with a Pearson correlation co-
efficient (r) > 0.5.

3.6. Viability of Bacterial Strains in Yogurt

Probiotic products have the challenge of ensuring a sufficient number of viable cells
until the time of consumption [71]. Table 4 shows the results of the total number of LAB
during the storage time of yogurt. Viable cell counts of LAB were significantly increased
for yogurt sample 1 within 7 days and 14 days of storage and in yogurt sample 2 within 7
days of storage. Viable cell counts of LAB in yogurt sample 2 and yogurt sample 3 de-
creased after 28 days of storage, with statistical significance compared with day 0 of stor-
age. Despite this, the results showed the stability of the bacterial culture throughout the
storage period and log10 (CFU/g) did not decrease to less than 8 until the end of the stor-
age period. Therefore, the strains were alive and active and showed their functional and
probiotic potential even on the 28th day. Similar results for the stability of bacteria in yo-
gurt products were found in other studies [35,40,67,72,73]. Shori et al. [74] reported that
all of the variants of fermented milk with Lactobacillus spp. showed the highest viable cell
counts at 7 days of storage. There were no significant changes in the viable cell counts of
Lactobacillus spp. during 21 days storage. Dimitrellou et al. [75] reported that probiotics
in fermented milk grew well and retained their viability during four weeks storage.

Table 4. Viability of total LAB in MRS agar during the storage of yogurt samples at 4 °C for 28 days.

Yogurt Samples Log10 (CFUg)
0 Day 7 Days 14 Days 21 Days 28 Days
1 855+0.05 875+0.02*  8.77+0.04* 8.59 +0.07 8.47 +0.10
2 8.62+0.09 8.78 +0.07 * 8.69 £0.05 8.52 +0.04 8.41 +0.06 *
3 8.81+0.12 8.84 +0.06 8.79+0.05 8.71+0.04 8.50+0.04 *
4 8.54 +0.05 8.58 +0.22 8.61+0.10 8.58 +0.03 8.20 +0.08

The values of log10 (CFU/g) are the means of triplicate measurements + standard deviation. One-
way analysis of variance (ANOVA) was applied using the Tukey test for comparison of the means
of yogurt samples during storage (** p <0.01 and * p <0.05).

3.7. Sensory Characteristics

The assessment of sensory analysis serves to enable the distinction between types of
products based on product characteristics such as surface, color, the presence of liquid
above the surface, structure, homogeneity, aroma, and taste. For all samples, the charac-
teristics of the product presented in the sensory analysis were evaluated, and the results
are demonstrated in Figures 4 and 5. The average total scores of the samples at different
storage times are shown in Figure 4. All three samples had evaluation points very similar
to that of sample 1 as a control variant. Samples 2 and 4 at four weeks of storage had more
stable evaluation with very little deviation, while sample 3 has a decline after the 14th day.
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Figure 5. Evaluation of the sensory characteristics of the yogurt samples.

The calculated averages of the product characteristics determined at five storage time
points, i.e., 0 days, 7 days, 14 days, 21 days, and 28 days, are presented in Figure 5. Sample
2, with strain L. delbrueckii subsp. bulgaricus KZM 2-11-3 inoculated, had characteristics
similar to those of the control yogurt. The panel evaluated this sample as having the best
color, aroma, and taste. Sample 3, with strain Lpb. plantarum KC 5-12 inoculated, was eval-
uated for homogeneity. Sample 4, with both strains inoculated, generally had intermedi-
ate characteristics of those of samples 2 and 3. This sample had two characteristics similar
to those in the control, the smooth and shiny surface and the structure. According to Cog-
gins et al. [76], taste and texture are the factors that make the difference in the preference
for yogurt. Aroma, sweetness, sourness, chalky mouthfeel, and viscosity were also identi-
fied as significant attributes in yogurt drinks [62].
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4. Conclusions

Two strains of LAB, L. delbrueckii subsp. bulgaricus KZM 2-11-3, and Lpb. plantarum
KC 5-12, were selected for this study. It is important to underline that the selection of the
used strains was made based on the characteristics from previous studies showing that
the two strains have probiotic potential and bioprotective properties.

Four samples of yogurt were examined using two LAB strains, and the physicochem-
ical, rtheological, and sensory characteristics were studied. For all of the studied character-
istics of the product, the samples of yogurt with the tested strains did not differ in most
parameters from the control sample, especially at the end of the fermentation process and
during the storage period. The strain L. delbrueckii subsp. bulgaricus KZM 2-11-3 was ob-
served to have a strong effect in inhibiting the growth of E. coli in yogurt and also inhibited
the growth of the yeasts K. marxianus, K. lactis, and S. cerevisiae, while the strain Lpb. planta-
rum KC 5-12 had a well-defined effect on yeast growth inhibition (greater than 60%).

In conclusion, the use of L. delbrueckii subsp. bulgaricus KZM 2-11-3 and Lpb. planta-
rum KC 5-12 as strains with bioprotective and probiotic potential included in the compo-
sition of production starter cultures is very promising. With enriched starter cultures,
healthy food products can be produced with preserved quality for the entire storage pe-
riod. The presence of these strains as probiotics to enrich the starter culture in probiotic
yogurt can bring benefits to human health with preserved quality of the product.

Author Contributions: Conceptualization, R.H., D.N. and Y.E.; methodology, R.H., D.N. and Y.E.;
formal analysis, R.H.; writing —original draft preparation, R.H.; writing—review and editing, D.N.
and Y.E; supervision, D.N. All authors have read and agreed to the published version of the manu-
script.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Funding: This research was funded by the Operational Program “Science and Education for Smart
Growth”, Bulgaria, grant number BG0O5M20P001-1.002-0012, and the Bulgarian Ministry of Educa-
tion and Science under the NRP “Healthy Foods for a Strong Bio-Economy and Quality of Life”,
approved by DCM # 577/17.08.2018.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  European Commission. Functional Foods; Directorate—General for Research; Directorate E—Biotechnologies, Agriculture,
Foods: Brussels, Belgium, 2010.

2.  Roberfroid, M.B. Global view on functional foods: European perspectives. Br. J. Nutr. 2002, 88, S133-S138.
https://doi.org/10.1079/BJN2002677.

3. Playne, M.].; Bennett, L.E.; Smithers, G.W. Functional dairy foods and ingredients. Aust. J. Dairy Technol. 2003, 58, 242-264.

4. Ivanov, L; Petrov, K,; Lozanov, V.; Hristov, I.; Wu, Z,; Liu, Z.; Petrova, P. Bioactive Compounds Produced by the Accompanying
Microflora in Bulgarian Yoghurt. Processes 2021, 9, 114. https://doi.org/10.3390/pr9010114.

5. Sanlidere Aloglu, H.; Oner, Z. Determination of antioxidant activity of bioactive peptide fractions obtained from yogurt. J. Dairy
Sci. 2011, 94, 5305-5314. https://doi.org/10.3168/jds.2011-4285.

6. Nguyen, L.; Hwang, E.S. Quality Characteristics and Antioxidant Activity of Yogurt Supplemented with Aronia (Aronia mela-
nocarpa) Juice. Prev. Nutr. Food Sci. 2016, 21, 330-337. https://doi.org/10.3746/pnf.2016.21.4.330.

7. Krastanov, A.; Georgiev, M.; Slavchev, A.; Blazheva, D.; Goranov, B.; Ibrahim, S.A. Design and Volatile Compound Profiling of
Starter Cultures for Yogurt Preparation. Foods 2023, 12, 379. https://doi.org/10.3390/foods12020379.

8.  Tian, H; Yu, B,; Yu, H.; Chen, C. Evaluation of the synergistic olfactory effects of diacetyl, acetaldehyde, and acetoin in a yogurt
matrix using odor threshold, aroma intensity, and electronic nose analyses. ]. Dairy Sci. 2020, 103, 7957-7967.
https://doi.org/10.3168/jds.2019-17495.

9.  Simova, E,; Ivanov, G.; Simov, Z. Growth and activity of Bulgarian yogurt starter culture in iron-fortified milk. ]. Ind. Microbiol.
Biotechnol. 2008, 35, 1109-1115. https://doi.org/10.1007/s10295-008-0389-7.

10. Fisberg, M., Machado, R. History of yogurt and current patterns of consumption. Nutr. Rev. 2015, 73, 4-7.

https://doi.org/10.1093/nutrit/nuv020.



Foods 2023, 12, 2552 13 of 15

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Oyeniran, A.; Gyawali, R.; Aljaloud, S5.0.; Krastanov, A.; Ibrahim, S.A. Probiotic Characteristics and Health Benefits of the Yogurt
Bacterium Lactobacillus delbrueckii sp. bulgaricus. In Current Issues and Challenges in the Dairy Industry, 1st ed.; Ibrahim, S.A., Zim-
merman, T., Gyawali, R., Eds.; IntechOpen: Rijeka, Croatia, 2020, 7, p 11. https://doi.org/10.5772/intechopen.86939.

Aryana, K.J.; Olson, D.W. A 100-Year Review: Yogurt and other cultured dairy products. J. Dairy Sci. 2017, 100, 9987-10013.
https://doi.org/10.3168/jds.2017-12981.

Lang, F.; Wen, J.; Wu, Z,; Pan, D.; Wang, L. Evaluation of probiotic yoghurt by the mixed culture with Lactobacillus plantarum
A3. Food Sci. Hum. Wellness 2022, 11, 323-331. https://doi.org/10.1016/j.fshw.2021.11.006.

Li, C,; Jihong Song, J.; Kwok, L.; Wang, J.; Dong, Y.; Yu, H.; Hou, Q.; Zhang, H.; Chen, Y. Influence of Lactobacillus plantarum on
yogurt fermentation properties and subsequent changes during postfermentation storage. J. Dairy Sci. 2017, 100, 2512-2525.
https://doi.org/10.3168/jds.2016-11864.

Abdel-Salam, A.M.; Badr, A.N.; Zaghloul, A.H.; Farrag, A.R.H. Functional yogurt aims to protect against the aflatoxin B1 toxicity
in rats. Toxicol. Rep. 2020, 7, 1412-1420. https://doi.org/10.1016/j.toxrep.2020.10.012.

Dhawi, F.; El-Beltagi, H.S.; Aly, E.; Hamed, A.M. Antioxidant, Antibacterial Activities and Mineral Content of Buffalo Yogurt
Fortified with Fenugreek and Moringa oleifera Seed Flours. Foods 2020, 9, 1157. https://doi.org/10.3390/foods9091157.
Roumanas, D.; Moatsou, G.; Zoidou, E.; Sakkas, L.; Moschopoulou, E. Effect of Enrichment of Bovine Milk with Whey Proteins
on Biofunctional and Rheological Properties of Low Fat Yoghurt type Products. Curr. Res. Nutr. Food Sci. 2016, 4, 105-113.
Adolfsson, O.; Meydani, S.N.; Russell, RM. Yogurt and gut function. Am. ]J. Clin. Nutr. 2004, 80, 245-256.
https://doi.org/10.1093/ajcn/80.2.245.

Yuan, M.; Singer, M.R.; Moore, L.L. Yogurt Consumption Is Associated with Lower Levels of Chronic Inflammation in the
Framingham Offspring Study. Nutrients 2021, 13, 506. https://doi.org/10.3390/nu13020506.

Buendia, J.R.; Li, Y.; Hu, F.B.; Cabral, H.]J.; Bradlee, M.L.; Quatromoni, P.A.; Singer, M.R.; Curhan, G.C.; Moore, L.L. Regular
Yogurt Intake and Risk of Cardiovascular Disease Among Hypertensive Adults. Am. ]. Hypertens. 2018, 31, 557-565.
https://doi.org/10.1093/ajh/hpx220.

Lee, A.; Lee, Y.J.; Yoo, H]; Kim, M.; Chang, Y.; Lee, D.S.; Lee, ].H. Consumption of Dairy Yogurt Containing Lactobacillus para-
casei ssp. paracasei, Bifidobacterium animalis ssp. lactis and Heat-Treated Lactobacillus plantarum Improves Immune Function In-
cluding Natural Killer Cell Activity. Nutrients 2017, 9, 558. https://doi.org/10.3390/nu9060558.

Hadjimbei, E.; Botsaris, G.; Chrysostomou, S. Beneficial Effects of Yoghurts and Probiotic Fermented Milks and Their Functional
Food Potential. Foods 2022, 11, 2691. https://doi.org/10.3390/foods11172691.

Uchida, K.; Shimamura, R.; Ikefuchi, R.; Morikawa, M.; Furihata, M.; Hanaoka, M.; Nose, H.; Masuki, S. Effects of Yogurt Intake
on Cardiovascular Strain during Outdoor Interval Walking Training by Older People in Midsummer: A Randomized Controlled
Study. Int. ]. Environ. Res. Public Health 2022, 19, 4715. https://doi.org/10.3390/ijerph19084715.

Benezech, T.; Maingonnat, J.F. Characterization of the rheological properties of yoghurt—A review. |. Food Eng. 1994, 21, 447—
472. https://doi.org/10.1016/0260-8774(94)90066-3.

Sodini, I.; Remeuf, F.; Haddad, S.; Corrieu, G. The relative effect of milk base, starter, and process on yogurt texture: A review.
Crit. Rev. Food Sci. Nutr. 2004, 44, 113-137. https://doi.org/10.1080/10408690490424793.

Kwasi Kpodo, F.M.; Afoakwa, E.O.; Amoa, B.B.; Budu, A.S,; Saalia, F.K. Effect of ingredient variation on microbial acidification,
susceptibility to syneresis, water holding capacity and viscosity of soy-peanut-cow milk yoghurt. J. Nutr. Health Food Eng. 2014,
1, 74-79. https://doi.org/10.15406/jnhfe.2014.01.00012.

Martin, F.; Cachon, R.; Pernin, K.; De Coninck, J.; Gervais, P.; Guichard, E.; Cayot, N. Effect of oxidoreduction potential on
aroma biosynthesis by lactic acid bacteria in nonfat yogurt. J. Dairy Sci. 2011, 94, 614-622. https://doi.org/10.3168/jds.2010-3372.
Lee, W.; Lucey, ]. Formation and Physical Properties of Yogurt. Anim. Biosci. 2010, 23, 1127-1136.
https://doi.org/10.5713/ajas.2010.r.05.

Haque, M.A,; Timilsena, Y.P.; Adhikari, B. Food Proteins, Structure, and Function. Ref. Modul. Food Sci. 2016, 1-8.
https://doi.org/10.1016/b978-0-08-100596-5.03057-2.

Zayas, ].F. Water Holding Capacity of Proteins. In Functionality of Proteins in Food; Springer: Berlin/Heidelberg, Germany, 1997;
Volume 3, pp. 76-133. https://doi.org/10.1007/978-3-642-59116-7_3.

Rani, R.; Unnikrishnan, V.; Dharaiya, C.N.; Singh, B. Factors affecting syneresis in yoghurt: A review. Indian J. Dairy Biosci. 2012,
23, 105-111.

Hoxha, R.; Evstatieva, Y.; Nikolova, D. New lactic acid bacterial strains from traditional fermented foods-bioprotective and
probiotic potential. J. Chem. Technol. Metall. 2023, 58, 252-269.

Hoxha, R,; Todorov, D.; Hinkov, A.; Shishkova, K.; Evstatieva, Y.; Nikolova, D. In Vitro Screening of Antiviral Activity of Lactic
Acid Bacteria Isolated from Traditional Fermented Foods. Microbiol. Res. 2023, 14, 333-342. https://doi.org/10.3390/microbi-
olres14010026.

Fijan, S,; Sule, D.; Steyer, A. Study of the In Vitro Antagonistic Activity of Various Single-Strain and Multi-Strain Probiotics
against Escherichia coli. Int. ]. Environ. Res. Public Health 2018, 15, 1539. https://doi.org/10.3390/ijerph15071539.

Fayyaz, N.; Shahidi, F.; Roshanak, S. Evaluation of the bioprotectivity of Lactobacillus binary/ternary cultures in yogurt. Food
Sci. Nutr. 2020, 8, 5036-5047. https://doi.org/10.1002/fsn3.1801.

Missotten, J.A.M.; Goris, J.; Michiels, J.; Van Coillie, E.; Herman, L.; De Smet, S.; Dierick, N.A.; Heyndrickx, M. Screening of
isolated lactic acid bacteria as potential beneficial strains for fermented liquid pig feed production. Anim. Feed. Sci. Technol. 2009,
150, 122-138. https://doi.org/10.1016/j.anifeedsci.2008.08.002.



Foods 2023, 12, 2552 14 of 15

37.

38.

39.
40.
41.
42.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Li, H,; Liu, L.; Zhang, S.; Uluko, H.; Cui, W.; Lv, ]. Potential use of Lactobacillus casei AST18 as a bioprotective culture in yogurt.
Food Control 2013, 34, 675-680. https://doi.org/10.1016/j.foodcont.2013.06.023.

Parvarei, M.M.; Fazeli, M.R.; Mortazavian, A.M.; Nezhad, S.S.; Ali Mortazavi, S.; Golabchifar, A.A.; Khorshidian, N. Compara-
tive effects of probiotic and paraprobiotic addition on microbiological, biochemical and physical properties of yogurt. Food Res.
Int. 2021, 140, 110030. https://doi.org/10.1016/j.foodres.2020.110030.

Yan, S.; Yang, B.; Stanton, C.; Ross, R.P.; Zhao, J.; Zhang, H.; Chen, W. Ropy exopolysaccharide-producing Bifidobacterium longum
YS108R as a starter culture for fermented milk. Int. ]. Food Sci. Technol. 2019, 54, 240-248. https://doi.org/10.1111/ijfs.13932.
Yang, S.-Y.; Yoon, K.-S. Effect of Probiotic Lactic Acid Bacteria (LAB) on the Quality and Safety of Greek Yogurt. Foods 2022, 11,
3799. https://doi.org/10.3390/foods11233799.

BDS 12:2010; Bulgarian State Standard; Bulgarian Yogurt. Bulgarian Institute for Standardization: Sofia, Bulgaria, 2010.

BDS 15612:1983; Bulgarian National Standard for Sensory Evaluation of Milk Products. Bulgarian Institute for Standardization:
Sofia, Bulgaria, 1983.
43. WHO. Available online: https://www.who.int/news-room/fact-sheets/detail/e-coli (accessed on 7 February 2018).

Ojo, O.E.; Sowemimo, A.; Ayeni, F.A. Evaluation of Viability of Lactic Acid Bacteria in a Nigerian Commercial Yogurt and its
Antagonistic Effects on Selected Strains of Diarrheagenic Escherichia coli. Nig. J. Pharm. Res. 2017, 13, 175-180.

Fitratullah, A.M.N.; Maruddin, F.; Yuliati, F.N.; Prahesti, K.I; Taufik, M. Addition of red dragon fruit (Hylocereus polyrhizus) on
yogurt: Effect on lactic acid content, pH, and the inhibition of Escherichia coli growth. In Proceedings of the IOP Conference
Series: Earth and Environmental Science, The 1st International Conference of Interdisciplinary Research on Green Environmen-
tal Approach for Sustainable Development (ICROEST), Kota Bau-Bau, Indonesia, 34 August 2019; Volume 343, p. 012034.
https://doi.org/10.1088/1755-1315/343/1/012034.

Ito, A.; Sato, Y.; Kudo, S.; Susumu, S.; Nakajima, H.; Toba, T. The Screening of Hydrogen Peroxide-Producing Lactic Acid Bac-
teria and Their Application to Inactivating Psychrotrophic Food-Borne Pathogens. Curr. Microbiol. 2003, 47, 0231-0236.
https://doi.org/10.1007/s00284-002-3993-1.

Ortiz-Rivera, Y.; Sanchez-Vega, R.; Gutiérrez-Méndez, N.; Leén-Félix, J.; Acosta-Muiiiz, C.; Sepulveda, D.R. Production of reu-
terin in a fermented milk product by Lactobacillus reuteri: Inhibition of pathogens, spoilage microorganisms, and lactic acid
bacteria. ]. Dairy Sci. 2017, 100, 4258-4268. https://doi.org/10.3168/jds.2016-11534.

Merchan, A.V.; Ruiz-Moyano, S.; Vazquez Hernandez, M.; José Benito, M.; Aranda, E.; Rodriguez, A.; Martin, A. Characteriza-
tion of autochthonal yeasts isolated from Spanish soft raw ewe milk protected designation of origin cheeses for technological
application. J. Dairy Sci. 2022, 105, 2931-2947. https://doi.org/10.3168/jds.2021-21368.

Galli, V,; Venturi, M.; Mari, E.; Guerrini, S.; Granchi, L. Selection of Yeast and Lactic Acid Bacteria Strains, Isolated from Spon-
taneous Raw Milk Fermentation, for the Production of a Potential Probiotic Fermented Milk. Fermentation 2022, 8, 407.
https://doi.org/10.3390/ fermentation8080407.

Maiworé, J.; Tatsadjieu Ngoune, L.; Piro-Metayer, I.; Montet, D. Identification of yeasts present in artisanal yoghurt and tradi-
tionally fermented milks consumed in the northern part of Cameroon. Sci. Afr. 2019, 6, 9.
https://doi.org/10.1016/j.sciaf.2019.e00159.

Belloch, C.; Querol, A.; Barrio, E. Yeasts and Molds.Kluyveromyces spp. In Encyclopedia of Dairy Sciences, 2nd ed.; Fuquay, JW.,
Ed.; Academic Press: San Diego, CA, USA, 2011; pp. 754-764.

Nikolova, D.; Hoxha, R.; Atanasov, N.; Trifonova, E.; Dobreva, L.; Nemska, V.; Evstatieva, Y.; Danova. S. From Traditional Bul-
garian Dairy Products to Functional Foods. In Dairy Processing-From Basics to Advances [Working Title]; IntechOpen: London, UK,
2022. https://doi.org/10.5772/intechopen.108998.

Kurniawati, M.; Nurliyani, N.; Budhijanto, W.; Widodo, W. Isolation and Identification of Lactose-Degrading Yeasts and Char-
acterisation of Their Fermentation-Related Ability to Produce Ethanol. Fermentation 2022, 8, 183. https://doi.org/10.3390/fermen-
tation8040183.

Faria-Oliveira, F.; Diniz, R H.S.; Godoy-Santos, F.; Pil, F.B.; Mezadri, H.; Castro, LM.; Brandao, R.L. The Role of Yeast and
Lactic Acid Bacteria in the Production of Fermented Beverages in South America. In Food Production and Industry, 1st ed.; Eissa,
A.H.A,, Ed.; IntechOpen: Rijeka, Croatia, 2015; Volume 4. https://doi.org/10.5772/60877.

Afzali, S.; Dovom, M.R.E.; Najaf, M.B.H.; Tehrani, M.M. Determination of the anti-yeast activity of Lactobacillus spp. isolated
from traditional Iranian cheeses in vitro and in yogurt drink (Doogh). Sci. Rep. 2020, 10, 6291. https://doi.org/10.1038/s41598-
020-63142-0.

Strom, K.; Sjogren, J.; Broberg, B.; Schniirer, J. Lactobacillus plantarum MiLAB 393 Produces the Antifungal Cyclic Dipeptides
Cyclo(l-Phe-1-Pro) and Cyclo(I-Phe-trans-4-OH-1-Pro) and 3-Phenyllactic Acid. Appl. Environ. Microbiol. 2002, 68, 4322-4327.
https://doi.org/10.1128/ AEM.68.9.4322-4327.2002.

Huang, Z.; Huang, L.; Xing, G.; Xu, X.; Tu, C.; Dong, M. Effect of Co-Fermentation with Lactic Acid Bacteria and K. marxianus
on Physicochemical and Sensory Properties of Goat Milk. Foods 2020, 9, 299. https://doi.org/10.3390/foods9030299.

Hu, L; Li, Y,; Huang, X.; Du, C.; Huang, D.; Tao, X. The Effect of Co-Fermentation with Lactobacillus plantarum HLJ29L2 and
Yeast on Wheat Protein Characteristics in Sourdough and Crackers. Foods 2023, 12, 555. https://doi.org/10.3390/foods12030555.
Chan, M.Z.A; Chua, ].Y.; Toh, M,; Liu, S. Survival of probiotic strain Lactobacillus paracasei L26 during co-fermentation with S.
cerevisiae for the development of a novel beer beverage. Food Microbiol. 2019, 82, 541-550. https://doi.org/10.1016/j.fm.2019.04.001.
Lipinska-Zubrycka, L.; Klewicki, R.; Sojka, M.; Bonikowski, R.; Milczarek, A.; Klewicka, E. Anticandidal activity of Lactobacillus
spp. in the presence of galactosyl polyols. Microbiol. Res. 2020, 240, 126540. https://doi.org/10.1016/j.micres.2020.126540.



Foods 2023, 12, 2552 15 of 15

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Garcia, E.S.; Cisneros, M.G. Quality control in yogurt: Alternative parameters for assessment. Eur. Sci. J. 2013, 1, 95-100.
https://doi.org/10.19044/esj.2013.vIn10p%25p.

Allgeyer, L.C.; Miller, M.].; Lee, S.Y. Sensory and microbiological quality of yogurt drinks with prebiotics and probiotics. J. Dairy
Sci. 2010, 93, 4471-4479. https://doi.org/10.3168/jds.2009-2582.

Kim, S.; Lim, C.H.; Lee, C.; An, G. Optimization of Growth and Storage Conditions for Lactic Acid Bacteria in Yogurt and Frozen
Yogurt. J. Korean Soc. Appl. Biol. Chem. 2009, 52, 76-79. https://doi.org/10.3839/jksabc.2009.013.

Mok, C.; Qi, J.; Chen, P.; Ruan, R. NMR Relaxometry of Water in Set Yogurt During Fermentation. Food Sci. Biotechnol., 2008, 17,
895-898.

Hayes, M.; Stanton, C.; Slattery, H.; O’Sullivan, O.; Hill, C,; Fitzgerald, G.F.; Ross, R.P. Casein fermentate of Lactobacillus animalis
DPC6134 contains a range of novel propeptide angiotensin-converting enzyme inhibitors. Appl. Environ. Microbiol. 2007, 73,
4658-4667. https://doi.org/10.1128/ AEM.00096-07.

Hole, M. Storage Stability.Mechanisms of Degradation. In Encyclopedia of Food Sciences and Nutrition, 2nd ed.; Caballero, B., Ed.;
Academic Press: Cambridge, MA, USA, 2003; pp. 5604-5612. https://doi.org/10.1016/B0-12-227055-X/01152-4.

Dan, T.; Hu, H;; Tian, J.; He, B.; Tai, J.; He, Y. Influence of Different Ratios of Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus on Fermentation Characteristics of Yogurt. Molecules 2023, 28, 2123. https://doi.org/10.3390/mole-
cules28052123.

Soni, R.; Jain, N.K,; Shah, V.; Soni, ].; Suthar, D.; Gohel, P. Development of probiotic yogurt: Effect of strain combination on
nutritional, rheological, organoleptic and probiotic properties. |. Food Sci Technol. 2020, 57, 2038-2050.
https://doi.org/10.1007/s13197-020-04238-3.

Nambiar, R.B.; Sellamuthu, P.S.; Perumal, A.B.; Sadiku, E.R.; Phiri, G.; Jayaramudu, J. Characterization of an exopolysaccharide
produced by Lactobacillus plantarum HM47 isolated from human breast milk. Process. Biochem. 2018, 73, 15-22.
https://doi.org/10.1016/j.procbio.2018.07.018.

Oktavia, H.; Radiati, L.E.; Rosyidi, D. Evaluation of Physicochemical Properties and Exopolysaccharides Production of Single
Culture and Mixed Culture in Set Yoghurt. Indones. ]. Environ. Sustain. Dev. 2016, 7, 52-59.

Mani-Loépez, E.; Palou, E.; Lopez-Malo, A. Probiotic viability and storage stability of yogurts and fermented milks prepared
with several mixtures of lactic acid bacteria. |. Dairy Sci. 2014, 97, 2578-2590. https://doi.org/10.3168/jds.2013-7551.

Tabasco, R.; Paarup, T.; Janer, C.; Pelaez, C.; Requena, T. Selective enumeration and identification of mixed cultures of Strepto-
coccus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus, L. acidophilus, L. paracasei subsp. paracasei and Bifidobacterium lactis
in fermented milk. Int. Dairy J. 2007, 17, 1107-1114. https://doi.org/10.1016/j.idairyj.2007.01.010.

El-Dein, A.N.; Daba, G.; Mostafa, F.A.; Soliman, T.N.; Awad, G.A.; Farid, M.A.M. Utilization of autochthonous lactic acid bac-
teria attaining safety attributes, probiotic properties, and hypocholesterolemic potential in the production of a functional set
yogurt. Biocatal. Agric. Biotechnol. 2022, 43, 102448. https://doi.org/10.1016/j.bcab.2022.102448.

Shori, A.B.; Aljohani, G.S.; Al-zahrani, A.].; Al-sulbi, O.S.; Baba, A.S. Viability of probiotics and antioxidant activity of cashew
milk-based yogurt fermented with selected strains of probiotic Lactobacillus spp. LWT 2022, 153, 112482.
https://doi.org/10.1016/j.1wt.2021.112482.

Dimitrellou, D.; Salamoura, C.; Kontogianni, A.; Katsipi, D.; Kandylis, P.; Zakynthinos, G.; Varzakas, T. Effect of Milk Type on
the Microbiological, Physicochemical and Sensory Characteristics of Probiotic Fermented Milk. Microorganisms 2019, 7, 274.
https://doi.org/10.3390/microorganisms7090274.

Coggins, P.C.; Schilling, M.W.; Kumari, S.; Gerrard, P.D. Development of a sensory lexicon for conventional milk yogurt in the
United States. . Sens. Stud. 2008, 23, 671-687. https://doi.org/10.1111/j.1745-459X.2008.00179.x.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



	1. Introduction
	2. Materials and Methods
	2.1. Co-Cultivation of Escherichia coli with LAB Strains in Milk
	2.2. Antifungal Activity against Yeasts
	2.3. Yogurt Preparation
	2.4. Determination of pH, RP, and Titratable Acidity (TA)
	2.5. Determination of the Water-Holding Capacity and Syneresis
	2.6. Apparent Viscosity
	2.7. Enumeration of Bacteria in Yogurt
	2.8. Sensory Analysis
	2.9. Statistical Analysis

	3. Results and Discussion
	3.1. Inhibition of Escherichia coli
	3.2. Antifungal Activity against Yeasts
	3.3. Physicochemical Characteristics of Yogurt during Fermentation and Storage
	3.4. Water-Holding Capacity and Syneresis
	3.5. Rheological Characteristics (Viscosity)
	3.6. Viability of Bacterial Strains in Yogurt
	3.7. Sensory Characteristics

	4. Conclusions
	References

