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ABSTRACT

Background: Medicinal plants are widely known for their antimicrobial properties. However, the concentrations required
to enhance the shelf life or enrich food products are often relatively high. When applied during fermentation, these
levels may inhibit the growth of starter cultures, thereby negatively affecting the final product's quality. As a result,
exploring the influence of low doses of plant extracts on fermentation processes holds both scientific and practical

significance.

Objective: This study aimed to investigate the dose-dependent effects of Origanum vulgare ethanolic extract (OVEE) on
the growth of lactic acid bacteria (LAB) starters, their proteolytic activity, the fermentation rate of milk, and the resulting

yogurt’s functional and sensory characteristics.

Methods: The dose-response relationship was evaluated by measuring the optical density (OD600) of LAB cultures
incubated for 6 hours in the presence of serial two-fold dilutions of 50 mg/mL OVEE. Proteolytic activity was assessed
using the disk diffusion method on milk agar plates. For yogurt production, OVEE was added at various concentrations
to milk pasteurized at 85°C for 15 minutes, then cooled to 45°C. The milk was inoculated with 3% LAB starter culture and
fermented at 37°C. After coagulation, the yogurt samples were stored at 5°C for ripening. Analyses were conducted on

days 1, 14, and 28 of refrigerated storage. Sensory evaluation was performed by a trained panel of 12 participants using

a 10-point hedonic scale.
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Results: Lactic acid bacteria, unlike pathogenic microorganisms, are highly resistant to medicinal plant extracts. OVEE
exhibited only mild inhibitory activity against yogurt LAB strains (MIC > 100 mg/mL). Moreover, certain concentrations
of OVEE in the range of 0.1% to 1.0% stimulate the growth of LAB, with the most effective concentration being 0.3%. The
addition of OVEE significantly enhanced the proliferation of Streptococcus thermophilus and Lactobacillus bulgaricus in
milk, increased the total proteolytic activity, accelerated acidification and clot formation, and enhanced the antioxidant
and antimicrobial properties of yogurt. Additionally, OVEE supplementation led to higher lactic acid production and a
corresponding reduction in lactose content. It also improved cold storage tolerance, reduced syneresis, and contributed
to a more uniform yogurt texture throughout the 28-day cold storage period. Overall, OVEE-treated samples received

higher sensory scores in most evaluated attributes.

Conclusion: Specific concentrations of OVEE are sufficient to stimulate microbial activity, enhance proteolytic processes,
and promote the release of bioactive peptides from milk proteins, including antioxidants. The resulting yogurts exhibit
deeper fermentation, reduced lactose levels, improved digestibility, and a broader range of health-promoting bioactive
compounds. Therefore, carefully selected doses of plant extracts can play an active role in fermentation and elevate

conventional dairy products into functional foods.

Novelty: The main novelty of this work lies in demonstrating that specific doses of Origanum vulgare extract can enhance

fermentation and enrich yogurt with bioactive compounds, primarily produced by lactic acid bacteria from milk.

Keywords: Origanum vulgare, low dose ethanolic extract, lactic acid bacteria (LAB), microbial growth enhancement,

functional yogurt, proteolytic activity, antioxidant activity of yogurt, bioactive compounds, sensory evaluation of yogurt.
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INTRODUCTION

In recent years, the demand for functional foods has
grown considerably, driven by increasing consumer
awareness of the link between nutrition and overall
health. Fermented dairy products, particularly yogurt,
are among the most widely consumed functional foods,
primarily due to their probiotic content and associated
health benefits. Lactic acid bacteria (LAB), essential in
yogurt fermentation, contribute not only to acidification
and texture development but also to the generation and
release of bioactive peptides from milk proteins. These
compounds may exhibit antioxidant, antimicrobial, and
immunomodulatory properties [1-5].

Yogurt stands out among dairy products as an
especially suitable matrix for functional food
development, owing to its high digestibility, rich nutrient
content, and probiotic nature. In recent vyears,
incorporating medicinal herbs and their extracts into
fermented dairy products has emerged as a natural
strategy to boost their nutritional and functional
properties. Medicinal plants are well known for their
abundance of biologically active constituents, including
flavonoids, polyphenols, phenolic acids, terpenoids,
sulfides, carotenoids, coumarins, lignans, saponins,
curcumins, phthalides, and plant sterols. These
compounds are associated with a wide range of biological
activities, such as antimicrobial, antioxidant, anti-
inflammatory, anti-allergic, and hypotensive effects [6-
9].

According to the FFC definition, functional foods are
“natural or processed foods containing bioactive
compounds that, in defined, effective, non-toxic
amounts, provide clinically proven and documented
health benefits using defined biomarkers to support
optimal health and reduce the risk of chronic/viral
diseases and control their symptoms” [10]. Fortification
of yogurt with bioactive compounds derived from plant

extracts offers a promising avenue for enhancing its
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health-promoting properties. While the individual effects
of probiotics and medicinal herbs have been extensively
documented, their combined impact particularly the
interactions between plant-derived compounds and LAB
remains insufficiently explored. Depending on
concentration, plant extracts may either stimulate or
inhibit the growth and metabolic activity of LAB [11- 12].
This dual role highlights the need for systematic
evaluation of concentration-dependent effects on starter
culture performance. Currently, limited research is
available that specifically examines how varying doses of
specific plant extracts influence LAB growth and milk
fermentation processes [10-11, 13].

Origanum vulgare (commonly known as oregano), a
widely used culinary and medicinal herb, is particularly
rich in phenolic compounds such as carvacrol, thymol,
and rosmarinic acid, along with other bioactive
phytochemicals. These constituents are known for their
anti-inflammatory, antimicrobial, and
immunomodulatory activities, making oregano extract a
compelling candidate for enhancing the functional value
of food products. Incorporating such extracts into yogurt
formulations may enhance nutritional quality, extend
product shelf life, and provide added health benefits to
consumers [10, 14-16]. The present study aims to explore
the potential of Origanum vulgare ethanolic extract to
enhance the intrinsic functional properties of yogurt. The
goal is to achieve this enhancement without negatively
affecting the physicochemical characteristics or sensory
quality of the product, aligning with modern consumer

preferences for clean-label, health-promoting foods.

MATERIALS AND METHODS

Microorganisms and Culture Conditions: All bacterial
strains used in this study were obtained from the
American Type Culture Collection (ATCC), a globally
recognized resource for standardized microbial strains
recommended for scientific research. The strains

included Lactobacillus delbrueckii subsp. bulgaricus ATCC
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11842 and Streptococcus thermophilus ATCC 19258. The
cultures were revived from lyophilized stocks following
ATCC protocols.

Lactobacillus species were cultivated in LAPTg
medium (comprising 1.5% peptone, 1% tryptone, 1%
yeast extract, 1% glucose, and 0.1% Tween 80, pH 6.5) in
either broth or agar form. Streptococcus thermophilus
was grown in M17 broth. All cultures were incubated at
37°C for 24 hours under microaerophilic conditions.
Additional media used included Nutrient Broth (NB,
Condalab, Spain) and MRS (Hi media, India). Stock
cultures were maintained on their respective solid media
at 4°C and subcultured biweekly to maintain viability.

To evaluate the antimicrobial activity of the
ethanolic extract, the specific test strain Escherichia coli

ATCC 8739 was selected.

Preparation of Origanum vulgare Ethanolic Extract
(OVEE): The aerial parts of Origanum vulgare were
harvested from the Tavush region in Armenia and
authenticated by a qualified botanist. For extraction, 150
g of dried plant material underwent cold maceration in
50% ethanol. Each extraction cycle lasted 72 hours and
was repeated three times on the remaining plant
material. The combined extracts were filtered through
Whatman No. 1 filter paper. The solvent was
subsequently evaporated under reduced pressure using
vacuum drying at 50°C to obtain the crude ethanolic

extract.

Determination of LAB growth rate depending on the
extract dose: To evaluate the dose-dependent effects of
the extract on lactic acid bacteria, a modified version of
the two-fold serial dilution method (typically used for
determining MICs) was employed. This adaptation
enabled monitoring of bacterial growth during the
logarithmic phase.

Initially, 200 mg of dried OVEE was dissolved in 2 mL

of nutrient broth and sterilized using Millipore
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membrane filters (0.45 um pore size; Schleicher &
Schuell, Microscience, Dassel, Germany). Ten sterile test
tubes were each filled with 2 mL of LAPTg broth. The first
tube received 2 mL of the 1.0% OVEE solution, which was
mixed thoroughly. From this, 2 mL was transferred to the
second tube, continuing the serial dilution through the
tenth tube. To maintain a consistent volume, 2 mL was
discarded from the last tube.

Each tube was then inoculated with 0.1 mL of a
mixed suspension of L. delbrueckii subsp. Bulgaricus and
S. thermophilus (final concentration ~107 CFU/mL). The
cultures were incubated under static conditions at 37°C
for 6 hours. Optical density (OD) at 600 nm was measured
using a BNUV-S650 spectrophotometer. The 6-hour time
point was selected to capture the exponential (log)
phase, corresponding to approximately 6-7 bacterial
generations. This experimental design allows for the
simultaneous evaluation of both inhibitory and

stimulatory effects of plant extracts on LAB growth.

Determination of Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC)
of Yogurt Samples against E. coli ATCC 8739: Yogurt
samples (100 g) were homogenized at 3000 rpm for 10
seconds to achieve a uniform liquid consistency. The
whey was then separated by centrifugation at 3000 x g,
and the resulting supernatant was collected and stored
at 4 °C until further analysis.

To determine  the minimum inhibitory
concentration (MIC), the broth microdilution method
with two-fold serial dilutions was employed. Overnight
cultures of the test microorganisms were adjusted to a
final concentration of approximately 10° CFU/mL and
inoculated into test tubes containing serial dilutions of
the yogurt extract in LAPTg broth. The tubes were
incubated at 37 °C for 18 hours under static conditions.
MIC was recorded as the lowest concentration of the
yogurt extract at which no visible bacterial growth was

observed.
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The minimum bactericidal concentration (MBC) was
determined by subculturing 10 uL from each clear
(growth-free) MIC test tube onto fresh Mueller-Hinton
agar plates. Plates were incubated for 24 hours at 37 °C.
The MBC was defined as the lowest concentration at
which no microbial colonies formed, indicating complete

bactericidal activity.

Preparation of Fermented Milk Supplemented with
OVEE: Reconstituted skim milk (13% w/v) was fortified
with Origanum vulgare ethanolic extract (OVEE) at
concentrations of 0.3% (w/v). The mixture was
pasteurized at 85 °C for 15 minutes, and then cooled to
45 °C. Subsequently, it was inoculated with 2% (v/v) of
each activated lactic acid bacteria (LAB) culture and
incubated at 37°C until curd formation. After
coagulation, the fermented milk samples were stored at

5 °C and analyzed on days 1, 14, and 28.

Determination of pH and Lactic Acid Content: The pH
values of the fermented milk samples were measured
using a digital pH meter (Checker, HANNA Instruments
Inc., USA). The lactic acid content was estimated by
titratable acidity using the Thorner method, where one
Thorner degree (°Th) corresponds to 9 mg of lactic acid
per 100 mL of sample. The titration results were then

converted to lactic acid concentration (mg/100 mL).

Enumeration of Viable LAB Counts in Yogurt: To assess
bacterial viability, 10 g of each yogurt sample was
homogenized and serially diluted in sterile Ringer’s
solution. Viable counts of Streptococcus thermophilus
were determined by pour-plating on M17 agar (pH 6.8)
followed by aerobic incubation at 37 °C for 48 hours. For
Lactobacillus bulgaricus, MRS agar (pH 5.4) was used,
with anaerobic incubation at 37 °C for 72 hours. Colony-
forming units (CFU) were counted on plates containing
30-300 colonies, and the results were expressed as the

logarithm (log1o) of CFU per gram of yogurt (log CFU/g).
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Preparation of Liquid Contents of Yogurt (LCY): The
liquid fraction of yogurt was prepared following the
method of Shori et al. [17], with minor modifications. A
100 mg sample of yogurt was homogenized at 3000 rpm
for 20 s. The pH of the mixture was adjusted to 4.0 using
0.1 M hydrochloric acid (HCI), followed by incubation in a
water bath at 45 °C for 10 minutes. The samples were
then centrifuged at 5000 rpm for 10 minutes at 4 °C. The
supernatant was collected and neutralized to pH 7.0
using 0.1 M sodium hydroxide (NaOH). A second
centrifugation was performed under the same
conditions, and the resulting clear supernatant was
collected for further analysis, including DPPH radical
scavenging activity, total phenolic content (TPC), and

total flavonoid content (TFC).

DPPH Free Radical Scavenging Activity: The antioxidant
capacity of the liquid content of yogurt (LCY) was
assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
free radical scavenging assay. Briefly, 2.5 mL of LCY was
mixed with 3 mL of ethanol and 0.5 mL of a 55 uM DPPH
solution. The mixture was vigorously shaken and
incubated in the dark at room temperature for 30
minutes. After incubation, the absorbance was measured
at 517 nm with a spectrophotometer. A blank containing
only DPPH dissolved in methanol was used as a
reference. Ascorbic acid served as the positive control
antioxidant.

The radical scavenging activity (RSA) was calculated
as the percentage inhibition of DPPH radicals using the

formula:

Absorbance of sample
Absorbance of blank

RSA (%) = [1 — 1 x 100

Determination of Total Phenolic Content (TPC): The total
phenolic content in OVEE and LCY was measured using a
modified version of the Singleton and Rossi method [18].
In this procedure, 0.5 mL of the extract or sample was

transferred into test tubes, followed by the addition of


https://www.ffhdj.com/

Functional Food Science 2025; 5(8): 378 — 392

2.5 mL of 10% Folin—Ciocalteu reagent and 2 mL of 7.5%
sodium carbonate (Na,COs) solution. The mixtures were
vigorously vortexed and then left to react at room
temperature for 30 minutes. Absorbance was measured
at 765 nm using a spectrophotometer. Total phenolic
content was calculated based on a gallic acid standard
curve and expressed as milligrams of gallic acid

equivalents per gram of dry matter (mg GAE/g DM).

Determination of Total Flavonoid Content (TFC): The
total flavonoid content was measured using the
aluminum chloride colorimetric method according to
Timothy [19]. Briefly, 0.2 mL of 10% aluminum chloride
(AICl3) solution was mixed with 0.2 mL of the extract or
LCY. Subsequently, 0.2 mL of 1 M potassium acetate
(CH3COOK) and 1.12 mL of distilled water were added.
The mixture was thoroughly homogenized and incubated
at room temperature for 30 minutes. Absorbance was
measured at 415 nm against a reagent blank. Quercetin
standards ranging from 0 to 1 mg/mL were used to
construct a calibration curve, and the flavonoid content
was expressed as milligrams of quercetin equivalents per

gram of dry matter (mg QE/g DM).

Evaluation of Proteolytic Activity: Proteolytic activity of
lactic acid bacteria (LAB) strains was evaluated using a
modified agar diffusion assay. Overnight LAB cultures
were centrifuged at 6000 rpm for 10 minutes at 4°C to
obtain cell-free supernatants. Sterile paper discs (6 mm
diameter) were soaked in the supernatants and placed
onto Eickman agar plates prepared with 10% (w/v)
reconstituted skim milk, serving as the protein substrate.

The plates were incubated aerobically at 37°C for 48
hours. Proteolytic activity was indicated by clear zones
(halos) surrounding the discs, resulting from casein
hydrolysis by extracellular proteases secreted by the LAB.
The diameters of these zones were measured in
millimeters using a digital caliper. Larger clear zones

corresponded to higher proteolytic activity.
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This assay, based on the degradation of casein, was
performed in triplicate, and mean values were used for
further analysis. The method is adapted from Morandi

with modifications [20].

Dynamic Viscosity Measurement: The dynamic viscosity
of yogurt samples was measured using a Hoppler ball
drop viscometer, and results were expressed in mPa-s.
The Hoppler viscometer functions based on the principle
of a falling ball, allowing for quick and reliable
determination of both kinematic and dynamic viscosity.
Its suitability for Newtonian and non-Newtonian fluids
makes it ideal for assessing the rheological characteristics

of fermented dairy products such as yogurt.

Evaluation of Syneresis: Syneresis, or the separation of
whey from fermented milk samples, was evaluated
following the method outlined by Panesar et al. [21]. In
brief, 20 g of each sample was centrifuged at 500 rpm for
5 minutes. The volume or weight of the expelled whey
(supernatant) was then recorded. The extent of syneresis

was calculated using the formula:

) Weight of supernatant
Syneresis (%) = Weight of sample x 100

Sensory Analysis: Sensory evaluation was performed by
a trained panel consisting of 12 individuals from the
Laboratory of Lactic Acid Bacteria at the S&P Center of
“Armbiotechnology.” Prior to testing, panelists were
briefed on the evaluation procedures. The order of
sample presentation was randomized, and palate
cleansers (water) were provided between samples to
prevent carryover effects.

Panelists rated their preferences for seven specific
attributes, organized into three categories:

Appearance: color and syneresis, Flavor: aroma and
balance of acidity versus sweetness, Texture: firmness,

creaminess, and homogeneity.
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A 10-point hedonic scale was employed, where 1
represented “extreme dislike” and 10 represented
“extreme liking,” allowing panelists to express their

degree of preference for each attribute.

Statistical Analysis: All experimental data are presented
as mean values * standard deviation (SD). Group
differences were analyzed using Duncan’s multiple range
test. Statistical analyses were conducted using IBM SPSS
Statistics software, version 22 (IBM Corp., USA). A p-value
below 0.05 was considered indicative of statistical

significance.
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RESULTS AND DISCUSSION

The impact of OVEE on the growth rate and biomass
accumulation of Streptococcus thermophilus and
Lactobacillus bulgaricus: The impact of varying
concentrations of OVEE (ranging from 0.50 to 0.045
mg/mL) on the growth rate and biomass accumulation of
Streptococcus thermophilus and Lactobacillus bulgaricus
during the logarithmic growth phase was investigated
using a two-fold serial dilution method in LAPTg medium
(see Fig. 1). This approach enables the simultaneous
detection of both stimulatory and inhibitory effects of

the plant extracts on bacterial growth.

0.19

M L.delbruckii spp. bulgaricus

B Str. thermophilus

0.15

0.04 A

25 6,25 1,56
OVEE concentation, mg/mL

0,39 0,09 control

Figure 1. The effect of different concentrations of OVEE on the growth of L. delbrueckii, spp. bulgaricus, Streptococcus

thermophilus in LAPTg medium.

As illustrated in Fig. 1, the ethanolic extract of
Origanum vulgare exerts concentration-dependent
effects on bacterial growth. Initially, the inhibitory impact
of OVEE decreases at concentrations down to 25 mg/mlL,
followed by a gradual increase in stimulatory effect,
which peaks at 3.125 mg/mL. Beyond this concentration,
the stimulatory effect diminishes proportionally with
increasing OVEE concentration. Concentrations between
0.045% and 0.39% showed no significant influence on the

growth rate or biomass accumulation of Streptococcus

thermophilus and Lactobacillus bulgaricus. The most
pronounced stimulation was observed at concentrations
ranging from 0.156% to 6.25% (p < 0.05). Notably,
supplementation with 3.125 mg/mL OVEE enhanced the
biomass production of these starter cultures by two to
three times.

The extent of bacterial growth stimulation appears
to depend on the balance between growth-promoting
and inhibitory compounds present in the plant extract. It

is well-documented that lactic acid bacteria (LAB) possess
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intrinsic resistance to certain antibiotics [22, 23]. In this
study, S. thermophilus and L. bulgaricus exhibited
resistance to OVEE, with minimum inhibitory
concentrations (MIC) exceeding 100 mg/mL, whereas
Escherichia coli showed susceptibility at MIC values < 50
mg/mL. This aligns with previous findings indicating that
the effects of plant extracts on microorganisms vary
depending on both the microbial species and the extract

concentration [24-26].

Polyphenolic compounds are known to play a pivotal role
in the biological activity of crude plant extracts [15, 27].
Our analysis revealed that the alcoholic extract of OVEE
contained high levels of phenolics and flavonoids,
measured at 83.5 + 2.8 mg GAE/g and 37.4 +3.2 mg CE/g,
respectively. These results are consistent with those
reported by Piekarska-Radzik et al. [24], who
demonstrated that polyphenols from pomace extracts of
Rosa rugosa Thunb. can stimulate the growth of
Lactobacillus species in a concentration-dependent

manner. Accordingly, the presence of phenolic

compounds at approximately 3.0 mg/mL in cultures of L.

bulgaricus and S. thermophilus is a key factor driving

LABs (log CFU/mL)
~1 [~

(=2}
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biomass increase. Similarly, Piekarska-Radzik [24] found
that polyphenols in a water-ethanol extract enhanced
the biomass of Lactobacillus acidophilus £tOCK 0928 by

nearly 15% compared to control cultures.

Influence of OVEE on the Microbiological Properties of
Yogurt: The growth kinetics of S. thermophilus and L.
bulgaricus in yogurt during fermentation are illustrated
in Fig. 2. Yogurt supplemented with Origanum vulgare
ethanolic extract (OVEE) exhibited a faster increase in
microbial populations compared to the control (plain)
yogurt. The viability of Streptococcus thermophilus and
in the

Lactobacillus delbrueckii subsp. Bulgaricus

experimental yogurt increased significantly, by
approximately 3.8 log CFU/mL and 2.1 log CFU/mL,
respectively, from the start of fermentation. By the end
of the fermentation process, viable counts in all yogurt
samples remained high, exceeding 9.4 log CFU/mL for S.
thermophilus and 7.3 log CFU/mL for L. bulgaricus. These
findings suggest that OVEE can effectively stimulate the
growth of starter cultures, indicating its potential
application in yogurt production to shorten fermentation

time.

—0— L.delbruckii
—&— L.delbruckii OVVE
—&— Str.thermophilus

=@= Str.thermophilus OVVE

9 10 11 12

Figure 2. Growth of S. thermophilus and L. bulgaricus in milk supplemented with plant extracts during fermentation. Mean

£ SEM (n =3).
Effect of OVEE on the Physicochemical, Microbiological,
Sensory, Antioxidant, and Antimicrobial Properties of

Yogurts during Refrigerated Storage: For successful

growth and fermentation of milk, LAB starters must have
high exoprotease activity. The relative proteolytic activity

of OVEE and plain yogurts is presented in Fig. 3.
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Figure 3. Effect of ethanol extract of oregano on proteolytic activity of yogurt. The left zone of milk hydrolysis is formed by

OVEE yogurt, and the right one by plain yogurt.

As illustrated in Fig. 3, the addition of 0.3% OVEE
significantly increased the proteolytic activity of yogurt
by approximately threefold (p < 0.05). This enhancement
is particularly important because elevated proteolytic
activity promotes the release of bioactive peptides from
milk proteins [14, 28]. Similarly, Shori and Baba [29]
reported that cinnamon supplementation in cow, goat,

and camel milk yogurts stimulated both the growth of

lactic acid bacteria and proteolytic activity during
fermentation.

The impact of OVEE at the optimal concentration of
0.3% on various parameters of yogurt—including the
viability of lactic acid bacteria (LAB) starters, apparent
viscosity, syneresis, lactic acid synthesis, pH, antioxidant
capacity, and antimicrobial activity—was evaluated
during refrigerated storage at 1, 14, and 28 days (see
Table 1).

Table 1. Comparative analysis of LAB viability, apparent viscosity, syneresis, titratable acidity, pH, antioxidant, and

antimicrobial properties of plain yogurt and yogurt supplemented with 0.3% OVEE during refrigerated storage.

Refrigerator storage, days

Properties

Control + OVEE
S. thermophilus, log CFU/mL 8.78 9.4
L. bulgaricus, log CFU/mL 6.35 7.73
pH 4.2 3.65
Lactic acid, g/L 17.4 18.2
Viscosity, mPa-sec 44.2 62.9
Syneresis, % 2 <1
Antioxidant activity, % 28.6 94.5
MIC/MDC for E. coli ATCC 8739, ug/mL 500/1000 250/500

The data is represented as mean = SD (standard

deviation) (n = 3) and p-values indicating statistical

significance (p < 0.05)

14 28
Control + OVEE Control + OVEE
9.1 9.4 9.0 9.4
6.68 7.9 6.63 7.7+
3.75 3.60 33 3.4
17.9 18.8 18.4 19.2
47.58 60.28 48.57 60.1
7.8 5.3 14.3 9.5
27.5 93.2 27.7 93.3
250/500 125/250 250/500 125/250

On the first day, the acidity (pH) and lactic acid

content of the OVEE-supplemented yogurt were higher

than those of the plain yogurt, likely due to the enhanced
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growth of starter cultures stimulated by the plant extract
(Table 1). Elevated lactic acid levels indicate a
corresponding reduction in lactose content in the OVEE
yogurt.

The viable count of S. thermophilus in OVEE yogurt
increased up to day 14 of storage before declining
slightly, but it never dropped below the initial level.
Interestingly, the increase in S. thermophilus counts was
greater in plain yogurt compared to the OVEE-
supplemented samples, which may be attributed to the
higher sensitivity of S. thermophilus to lactic acid
accumulation; plain yogurt had lower lactic acid levels.
This observation aligns with Getsemani LopezGea [30],
who reported that at pH values between 4.3 and 4.5,
which most yogurts reach after 3 to 4 weeks of cold
storage, the growth and metabolism of S. thermophilus
are typically inhibited. By the end of refrigerated storage,
S. thermophilus counts in both plain and OVEE yogurts
were similar, approximately 8.77 log CFU/mL.

In contrast, yogurts containing OVEE showed
significantly higher counts of L. bulgaricus than plain
yogurt throughout the storage period. Both plain and
OVEE-supplemented yogurts exhibited a significant
increase in L. bulgaricus counts from day 0 to day 14.
Notably, the lactic acid content was higher in the OVEE-
supplemented yogurt, consistent with the sharp initial
increase in L. bulgaricus counts during storage. This
enhanced viability of starter cultures in the experimental
yogurts may be due to a lower lactic acid production rate
during cold storage caused by OVEE [17, 29, 31-35]. The
observed slowdown in yogurt acidification is likely the
result of the plant extract hindering cell-substrate
interactions. Therefore, OVEE ensured that both starters
maintained sufficiently high concentrations throughout
the entire refrigerated storage period.

The pH of both yogurt samples decreased gradually
during storage (Table 1). Yogurt with added OVEE

consistently showed a slightly lower pH (~ 0.05 units)
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than plain yogurt throughout the entire refrigerated
storage period, as OVEE promoted lactic acid production
by the starter cultures.

Apparent viscosity and syneresis are critical quality
attributes that affect consumer acceptance of fermented
milk products [20-26, 35]. Notably, the viscosity of OVEE-
supplemented yogurt is significantly higher even after 28
days, with an average value of 60.1 mPa-s (p < 0.05). The
increase in viscosity is attributed to interactions between
whey proteins and casein micelles, which correlate with
pH changes. Additionally, protein agglomeration at low
temperatures may contribute to this effect [8, 13, 24].
Viscosity fluctuations are further influenced by pH-
dependent factors such as particle size and protein
deposition. These variations relate to changes in casein
micelle volume during storage, possibly due to micelle-
binding factors. During the first 14 days of storage, the
apparent viscosity of both control and OVEE-enriched
yogurt increased, although these changes were not
statistically significant (p > 0.05). In contrast, the
decrease in viscosity observed in plain yogurt during
refrigerated storage may be due to a significant reduction
in starter culture viability and subsequent release of
catabolic enzymes during cell lysis.

Syneresis is commonly defined as the spontaneous
release of water from a gel caused by gel contraction [11,
37-39]. Storage time generally has a significant impact on
syneresis; during this period, bacterial counts decrease,
acidity increases, syneresis occurs, and often off-flavors
develop. As shown in Table 1, the addition of OVEE
significantly reduced syneresis formation (p < 0.05). On
day 14 of refrigerated storage, syneresis in the control
yogurt was 7.8%, whereas in the OVEE yogurt it was only
5.3%. This significant difference (p < 0.05) persisted
throughout the entire storage period despite variability.
By day 28, syneresis values increased to 14.3% in the
control and 9.5% in the OVEE-supplemented yogurt.

These results are consistent with other studies


https://www.ffhdj.com/

Functional Food Science 2025; 5(8): 378 — 392

demonstrating that yogurts containing herbal extracts
exhibit lower syneresis [5, 13-16, 31- 34, 40]. The
reduction in syneresis is attributed to the positive effects
of the extracts on the yogurt’s rheological properties.
Additionally, the increased yield of bioactive compounds
stimulated by plant extracts may contribute to reduced

syneresis [41].

DPPH Free Radical Scavenging Activity of OVEE Yogurt:
The DPPH scavenging assay is a widely used method to
assess the antioxidant capacity of fermented foods and
herbal extracts. The impact of OVEE on the antioxidant
activity of yogurt is presented in Table 1. As shown,
yogurt supplemented with OVEE displayed significantly
higher antioxidant activity compared to plain yogurt (p <
0.05). The addition of 0.3% OVEE enhanced antioxidant
activity by 92.7% (p < 0.05). A positive correlation was
observed between antioxidant activity and the
abundance of starter cultures as well as proteolytic
activity in the yogurt. Despite the slow ongoing growth of
starters, the antioxidant activity of OVEE yogurt
remained stable over 28 days of cold storage, whereas
plain yogurt showed a marked decline. The
supplemented yogurt exhibited antioxidant activity
approximately 3.2 times greater (97.0 + 1.7%) for DPPH
than plain yogurt and maintained this advantage
throughout the storage period.

According to Sari et al. [43], the enhanced
antioxidant activity in yogurts fortified with plant extract
is primarily due to the phytochemical content of the
extracts and microbial metabolic activity [42-43].
Continued microbial growth during storage likely
increases protease production, which in turn promotes
the release of antioxidant peptides from caseins [14, 17,
21]. Although phenolic compounds in OVEE possess
DPPH scavenging activity, their direct contribution to the
antioxidant capacity of yogurt is minimal due to the low
concentration used (0.3%). However, the metabolic

activity of starter cultures may generate small amounts
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of phenolic compounds exhibiting antioxidant properties
in the yogurt.

Supplementation of milk prior to fermentation with
OVEE increased total phenolic content (TPC) up to 9.0 mg
GAE/g. Herbal yogurts fortified with extracts from
peppermint, dill, and basil have similarly shown elevated
antioxidant activity linked to increased proteolytic
activity. Conversely, previous studies have attributed
fluctuations in microbial activity during storage to the
degradation of phenolic compounds and/or enhanced
milk protein—polyphenol interactions [39-41].
Furthermore, plant extracts can improve the antioxidant
properties of yogurt, thereby enhancing its overall quality
and stability [15]. When combined with LAB, oregano
extracts may stimulate microbial metabolism, leading to
the increased release of health-promoting substances

from casein molecules.

Antibacterial Activity: Antibacterial activity is a key
characteristic of probiotic bacteria and functional foods.
Lactic acid bacteria produce various antimicrobial
compounds, including bacteriocins, lactic acid, hydrogen
peroxide, and diacetyl. These substances enable LAB to
inhibit the growth of pathogenic bacteria, thereby
reducing the risk of foodborne infections. As anticipated,
the addition of OVEE during fermentation significantly
enhanced the antibacterial activity of the yogurt, likely
due to the increased number of viable LAB starter
cultures (Table 1). The minimum inhibitory concentration
(MIC) (<500 pg/mL) and minimum bactericidal
concentration (MBC) (<250 pg/mL) for OVEE-
supplemented yogurt were more than twice as low
compared to plain yogurt. Moreover, the antibacterial
activity of OVEE yogurt increased approximately twofold.
Similar to antioxidant compounds, the increase in the
number of microbial cells leads to increased production
of secondary antimicrobial metabolites. The resulting
functional herbal yogurt mainly contains bioactive
components created by lactic acid bacteria from milk

molecules.
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Sensory Evaluation of Yogurt Supplemented with OVEE:
The incorporation of herbal extracts into dairy products
is known to enhance desirable organoleptic properties

and flavor profiles. The sensory characteristics of yogurt
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supplemented with 0.3% OVEE were assessed, focusing
on appearance, odor, color, aroma, acidity, and overall
acceptability. The hedonic scores for both the

experimental and plain yogurts are illustrated in Figure 4.

Color

10.

Creaminess

Firmness

Taste

Acitidy

=== P|ain yogurt

== OVEE yogurt
Aroma

Figure 4. Comparative evaluation of sensory characteristics of yogurts fermented with and without the addition of OVEE.

Mean * standard deviation.

The results illustrated in Figure 4 demonstrate that
OVEE significantly enhances multiple sensory attributes
of the yogurt, including appearance, odor, color, aroma,
pleasant sourness, and overall acceptability. Yogurt
enriched with OVEE exhibited a smoother and more
delicate texture, which was preferred by the sensory
panel. Across nearly all evaluated parameters, the OVEE-
supplemented yogurt received higher scores compared
to the plain yogurt. Comparable improvements in flavor
and texture have also been reported in yogurts fortified
with extracts of Rosmarinus officinalis and Lemon balm,
alongside positive effects on microbiological and
physicochemical characteristics [26, 45, 46]. The high-
quality functional yogurt developed in this study, with
enhanced organoleptic qualities, is recommended for
regular consumption as well as for supporting the
prevention and management of various gastrointestinal
conditions.

This research highlighted the synergistic effect of
Origanum vulgare ethanolic extract on lactic acid

bacteria activity within fermented dairy products. The

activation of LAB by the oregano extract improved the
recovery and bioavailability of health-promoting
compounds during fermentation. Understanding this
plant-microbe interaction paves the way for the
development of novel functional dairy foods and expands
opportunities to leverage such synergy for human health

benefits.

Scientific Innovations: Unlike enrichment with large
amounts of fruit or plant extracts, which often alters the
organoleptic characteristics of the product and may
inhibit fermentation, the use of low doses of plant
extracts activates the intrinsic functional potential of
fermented dairy products. This is achieved through the
active involvement of high-performing lactic acid
bacteria starter cultures in the fermentation process,
resulting in enhanced functional properties with minimal

changes to the original sensory profile.

Practical Implications: Incorporating low doses of herbal

extracts preserves the profitability of yogurt production
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while providing additional benefits such as accelerated

fermentation and extended shelf life.

CONCLUSIONS

Specific concentrations of OVEE effectively stimulate
microbial growth, boost overall proteolytic activity, and
enhance the release of bioactive peptides from milk
proteins, including antioxidants. The resulting dairy
products exhibit more thorough fermentation, reduced
lactose levels, improved digestibility, and a diverse range
of bioactive peptides with potential health benefits.
Therefore, carefully dosed plant extracts, by actively
engaging in the fermentation process, can convert

conventional dairy products into functional foods.
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