ermentation N
fe @:\Py

Article

Developing a Symbiotic Fermented Milk Product with
Microwave-Treated Hawthorn Extract

Aidana Utebaeva *, Eleonora Gabrilyants and Zhansaya Abish

check for
updates

Citation: Utebaeva, A.; Gabrilyants,
E.; Abish, Z. Developing a Symbiotic
Fermented Milk Product with
Microwave-Treated Hawthorn Extract.
Fermentation 2024, 10, 377.

https:/ /doi.org/10.3390/
fermentation10080377

Academic Editors: Fernanda
Cosme, Luis Patarata and

Fernando M. Nunes

Received: 28 June 2024
Revised: 15 July 2024

Accepted: 19 July 2024
Published: 24 July 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

“Food Biotechnology” Research Laboratory, Mukhtar Auezov South-Kazakhstan University, Tauke Khan
Avenue 5, Shymkent 160012, Kazakhstan; gabrilyants@mail.ru (E.G.); abish.zhansaya95@mail.ru (Z.A.)
* Correspondence: aidana.utebaeva@gmail.com

Abstract: The rising interest in functional foods has increased the use of probiotics and prebiotics
in fermented dairy products to enhance gut health. This study focuses on developing a symbiotic
fermented milk product using Lactobacillus acidophilus and Bifidobacterium bifidum activated with
hawthorn extract as a prebiotic. Three versions of the product were tested: a control and two variants
with B. bifidum activated with 107> g/cm3 and 10710 g/cm? hawthorn extract, respectively. Key char-
acteristics such as microbiological safety, sensory properties, amino acid profile, vitamin and mineral
content, antioxidant capacity, and nutritional values were evaluated. Results showed that products
enriched with hawthorn extract had favorable sensory properties and sustained high levels of lactic
acid bacteria while being free of pathogens. Product 1 based on L. acidophilus and enriched with
B. bifidum activated with hawthorn extract at a concentration of 107> g/cm? demonstrated significant
increases in L. acidophilus (24.1%) and B. bifidum (14.7%) after 7 days compared to the control. Both
enriched products exhibited slower titratable acidity increases and higher viscosities over 14 days,
indicating better preservation and texture stability. Product 1 was notably enriched with essential
amino acids, vitamins, and minerals, alongside enhanced antioxidant properties due to increased
flavonoid content. The technology developed ensures probiotic viability at 10°~10' CFU/cm? after
14 days, making it viable for dairy production.

Keywords: probiotics; prebiotics; hawthorn extract; sensory properties; amino acid composition;
vitamin content; mineral content; antioxidant properties

1. Introduction

Probiotics and prebiotics are known for their beneficial effects on gut health and overall
well-being. Scientific evidence supports their role in improving digestion and enhancing
immune function. Probiotics are live beneficial bacteria, while prebiotics are non-digestible
food components that promote the growth of these bacteria. Together, they form a symbiotic
relationship and enhance each other’s effects. These benefits are supported by scientific
evidence and come from natural sources and fortified foods [1,2].

Fermented dairy products, rich in live beneficial bacteria, are traditional probiotic
sources and are pivotal in human diets [3]. During fermentation, bacteria convert lactose
into lactic acid, imparting a distinct flavor and extending shelf life [4]. The food industry
offers diverse probiotic products such as yogurt, kefir, and acidified milk, which contain
live biocultures that impact gut microbiota [5,6].

Two widely used probiotic strains in dairy production are Lactobacillus acidophilus and
Bifidobacterium bifidum. Lactobacillus acidophilus is known for its ability to adhere to the in-
testinal mucosa, colonizing the gut and exerting health-promoting effects such as lowering
cholesterol levels, strengthening the immune system, and preventing infections [7-9]. On
the other hand, Bifidobacterium bifidum is crucial for maintaining gut health by producing
acetic and lactic acids that lower the pH of the gut and inhibit pathogenic bacteria. This
strain also improves the function of the intestinal barrier and modulates the immune
system [8,9].
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The incorporation of these probiotics into dairy products not only improves the
nutritional profile but also provides health benefits that go beyond basic nutrition. For
instance, studies have shown that dairy products fermented with Lactobacillus acidophilus
and Bifidobacterium bifidum can alleviate the symptoms of lactose intolerance, reduce the
risk of certain gastrointestinal diseases, and even improve mental health [9-11].

Despite their benefits, one of the main challenges in incorporating Lactobacillus acidophilus
and Bifidobacterium bifidum in fermented milk products is ensuring the viability of these
probiotics during production and storage. Factors such as pH, composition, and stor-
age conditions significantly impact probiotic survival [12]. Probiotic bacteria, especially
bifidobacteria, are sensitive to oxygen, which inhibits their growth in fermented milk
products [13]. Strategies such as adjusting redox potential and adding antioxidants are
employed to enhance viability.

Microwave treatment is a modern extraction method that efficiently extracts bioac-
tive compounds from plant materials. This method breaks down cell walls, releasing
phytochemicals and improving extraction yields and processing times compared to tradi-
tional methods. Studies show that microwave treatment enhances the bioavailability and
biological activities of plant compounds [14,15].

Hawthorn extract, derived from a medicinal herb, contains bioactive compounds such
as tannins and flavonoids, known for their anti-inflammatory and antioxidant properties.
There is growing interest in utilizing hawthorn extract in food and beverage formulations
due to its potential health benefits [16-18].

Developing a symbiotic fermented dairy product involves combining probiotics, pre-
biotics, and bioactive compounds. Incorporating microwave-treated hawthorn extract can
enhance the nutritional value, sensory characteristics, and potential health benefits of the
product. Recent studies have shown the potential of various natural extracts in enhancing
the functional properties of fermented milk products with Lactobacillus acidophilus and
Bifidobacterium bifidum.

Haji Ghafarloo et al. [19] demonstrated that gum arabic, ginger extract, and
Bifidobacterium bifidum can improve the stability and probiotic viability of synbiotic Doogh,
a yogurt-based Iranian drink. Another study reported that the enrichment of yogurt con-
taining Lactobacillus acidophilus and Bifidobacterium bifidum with green tea extract boosts both
microbial viability and antioxidant activity [20]. Additionally, mangosteen extracts have
been shown to positively influence beneficial intestinal bacteria, making them valuable for
functional fermented milk products [21].

Furthermore, extracts from Rosa spinosissima fruit, pomegranate peel, and Arctium lappa
root have all been demonstrated to promote probiotic growth and improve the sensory
qualities of yogurt, highlighting their potential as functional ingredients [22-24]. These
findings underscore the feasibility of using natural extracts to develop new symbiotic
fermented milk products with enhanced health benefits.

Activation methods, such as pre-adaptation of bifidobacteria, are crucial for main-
taining probiotic activity in dairy products. Various activation techniques are used in
the production of fermented dairy products to ensure high functional properties. Thus,
utilizing natural prebiotic antioxidant extracts to activate bifidobacteria holds promise for
developing functional foods containing synbiotics.

This study aims to investigate the impact of incorporating bifidobacteria activated
with hawthorn extract on the development and characteristics of symbiotic fermented
milk products. To achieve these goals, microwave extracts obtained from native hawthorn
were used in specific concentrations (107> and 10~!° g/cm?). These concentrations were
selected based on research results on melanins from aqueous microwave extracts, which
showed a significant bifidogenic effect at these levels [25]. Building on this foundation,
the study hypothesizes that plant extracts, especially those rich in bioactive compounds,
can enhance the viability of probiotics and preserve them during the development of
fermented dairy product technology. The study will compare the composition of symbiotic
fermented milk products enriched with B. bifidum activated with different concentrations
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of hawthorn extract to determine their effect on product characteristics. This research
focuses on elucidating the influence of bifidobacteria activated with hawthorn extract on
the organoleptic characteristics and main physicochemical properties of the developed
symbiotic fermented milk product.

2. Materials and Methods
2.1. Materials

Shredded Turkestan hawthorn (Crataegus turkestanica) was purchased from a pharmacy
chain (Zerde-Fito Pharmaceutical Company LLP, Shymkent, Kazakhstan). The bifidobacte-
ria source was the medicinal product “Bifidumbacterin” (ZAO Partner, Moscow, Russia),
and the L. acidophilus probiotic culture was sourced from microMilk PR A (Micromilk,
Cremosano (CR), Italy,). B. bifidum and L. acidophilus were enumerated on TPY and MRS
media (Condalab, Madrid, Spain).

2.2. Obtaining Microwave-Treated Hawthorn Extracts

Hawthorn extract was obtained using a microwave treatment method. A total of 20 g
of hawthorn powder was mixed with 200 mL of distilled water in a flask, heated in the
microwave’s defrost mode for 4 min until the temperature reached 70 °C, and then placed
in a desiccator at 70 °C for 3 h. After adding 2 mL of 25% hydrochloric acid solution to the
extract and leaving it for 12 h, the precipitate was filtered and dried in atmospheric air for
12-14 h [26].

2.3. Preparation of Symbiotic Fermented Milk Products

In developing the technology for symbiotic fermented functional products, pasteurized
milk was mixed with specific concentrations of Lactobacillus acidophilus starter and activated
Bifidobacterium bifidum 1 with hawthorn extract. The process began with pasteurized
milk with 2.5% fat and a density of 1028 g/cm?®. The L. acidophilus starter was added
at a concentration of 2.5% together with activated B. bifidum 1 with hawthorn extract
at concentrations of 107> and 10710 g/cm?3, representing 10% of the total mixture. The
bifidobacteria were first incubated in hawthorn extract solutions for 30 min at 37 &= 1 °C for
activation. Three different products were prepared:

Control: Symbiotic fermented milk product containing only L. acidophilus.

Product 1: Symbiotic fermented milk product based on L. acidophilus and enriched
with B. bifidum activated with hawthorn extract at a concentration of 107> g/cm?.

Product 2: Symbiotic fermented milk product based on L. acidophilus and enriched
B. bifidum activated with hawthorn extract at a concentration of 107! g/cm3. Fermentation
lasted 10 h until an acidity of 75 °T was reached, followed by a maturation period at 6-10 °C
for 12 h.

2.4. Microscopic Examination

Microscopic examination of the samples was conducted using a Levenhuk D400LCD
(Levenhuk, Shanghai, China) electron microscope at 100x magnification after pre-staining
with methylene blue dye.

2.5. Enumeration of B. bifidum and L. acidophilus in Symbiotic Fermented Milk Products

The number of bacteria (L. acidophilus and B. bifidum) was determined by allowing them
to grow in specific nutrient media (on DeMan Rogosa Sharpe (MRS) agar for L. acidophilus
and TPY broth for B. bifidum) in tubes and Petri dishes at 37 £ 1 °C for 24-72 h. The number
of bacterial cells in 1.0 cm® of the sample was calculated by multiplying the number of
colonies by the dilution factor. The average of two parallel cultures was accepted as the
final result [27].
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2.6. Amino Acid Determination

The mass fraction of amino acids (Arg, Lys, Tyr, Phe, His, Leu + Ile, Met, Val, Pro, Ser,
Ala, and Gly) was determined using the Lumex method M 04-38 (2009) in the “CAPEL
105 M” capillary electrophoresis system with a special capillary cassette for amino acid
analysis. Samples underwent acid hydrolysis, conversion into free forms, and separation
by capillary electrophoresis. Detection occurred at 254 nm, with tryptophan quantified at
219 nm. Data were processed using specialized software.

2.7. Mineral Content Determination

The mineral content of symbiotic fermented milk products was determined using a
JSM-6490LV Scanning Electron Microscope (JEOL Ltd., Akishima, Tokyo, Japan) with an
INCA Energy 350 energy-dispersive microanalysis system and an HKL Basic system.

2.8. Water-Soluble Antioxidant Content Determination

Water-soluble antioxidants in symbiotic fermented milk products were determined
using the “TsvetYauza-01-AA” device, based on the amperometric method. Extraction
was performed with a 70% ethyl alcohol solution, and a gallic acid solution was used for
calibration [28].

2.9. Analysis of Experimental Data

Statistical data processing utilized MS Excel (version 2010) and Statistica (version
10) (TIBCO Software Inc., Palo Alto, CA, USA) software. Values were expressed as
means =+ standard deviations from three independent experiments (1 = 3) at a 90% confi-
dence level (p = 0.90).

3. Results and Discussion
3.1. Development of Symbiotic Fermented Milk Product Technology

The technology of symbiotic fermented functional products based on Lactobacillus acidophilus
and activated Bifidobacterium bifidum 1 with different concentrations of hawthorn extract
was developed.

The organoleptic characterization of finished symbiotic fermented milk products
provides valuable insights into their sensory properties, including appearance, color, odor,
taste, and consistency. Each parameter is scored on a nine-point scale, with a higher score
indicating better sensory quality. Figure 1 shows the characteristics of the finished symbiotic
fermented milk products.

Appearance

Consistency®” ~ ~ g6 | . * “TAColour
T~ <L 17 =4=—Product 1

== Product 2

Control

Taste” Odour

Figure 1. Organoleptic characterization of the finished symbiotic fermented milk products.

The organoleptic characterization shows that product 1 and product 2 have favorable
sensory properties comparable to or even exceeding those of the control. These results
demonstrate that enriching symbiotic fermented milk products with B. bifidum activated



Fermentation 2024, 10, 377

50f 14

with hawthorn extract, especially at a concentration of 107> g/cm3, improves sensory
properties such as odor and taste without affecting other parameters such as appearance,
color, and consistency. The symbiotic fermented milk products enriched with B. bifidum
activated with hawthorn extract show a significant improvement in flavor compared to the
control. The hawthorn extract contributes a subtle aroma and taste, enhancing the sensory
appeal without overpowering the natural tanginess of the fermented milk product. Product
1 with a higher concentration of hawthorn extract has a more pronounced and refreshing
flavor, while product 2 provides a balanced and harmonious flavor with a milder note.
These improvements in flavor suggest that the enriched products have the potential for
higher consumer acceptance due to their improved sensory properties. This highlights the
potential of using bifidobacteria activated with hawthorn extract to develop fermented milk
products with improved sensory properties and potentially higher consumer acceptance.

Microscopic examination revealed clear characteristics of the finished symbiotic fer-
mented milk products, as shown in Figure 2.
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Figure 2. Microscopic picture of the finished symbiotic fermented milk product at 100 x magnification.

It was observed that product 1 and product 2 contained more viable probiotic cells in
comparison to the control.

3.2. Microbiological Parameters

The microbiological parameters of symbiotic fermented milk products enriched with
bifidobacteria activated with hawthorn extract at different concentrations, compared to a
control sample, are shown in Table 1.

Table 1. Microbiological parameters of fermented milk products.

Indicator Name Stand.a rdized Control Product 1 Product 2
Indicator
Lactic acid tless than 1 x 107 [CFU/g] than 1 x 107 CFU/ fhan 1 x 108 CFU/ more than
microorganisms notless than gl morethan g  morethan & 1 x 108 CFU/ g
E. coli (coliforms) not present in 0.1 [g]. not detected not detected not detected
Staphylococcus aureus not present in 0.1 [g]. not detected not detected not detected
Pathogenic
microorganisms not present in 25 [g]. not detected not detected not detected
(including Salmonella)
Yeast not more than 50 [CFU/g]. less than 1 x 10! CFU/g less than 1 x 10! CFU/g less than 1 x 10! CFU/g
Molds not more than 50 [CFU/g]. less than 1 x 10! CFU/g less than 1 x 10! CFU/g less than 1 x 10! CFU/g

According to the results obtained, all products meet or exceed the required concentra-
tion of lactic acid microorganisms [29], with product 1 and product 2 having significantly
higher concentrations compared to the control. This highlights the effectiveness of B. bifidum
activated by hawthorn extract in ensuring the microbiological safety of fermented milk
products. The higher concentrations of lactic acid microorganisms in products 1 and 2,
compared to the control, suggest enhanced antimicrobial properties, supporting the overall
conclusion that lactic acid microorganisms can inhibit pathogenic and spoilage organisms
in dairy products. The lactic acid bacteria counts in the study of Kariyawasam et al. [30] are
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particularly high, similar to products 1 and 2 in Table 1. No detectable amounts of E. coli,
S. aureus, or other pathogenic microorganisms were found in any sample. The number of
yeast and mold cells was below the permitted limit prescribed by the Technical Regulations
of the Customs Union “On the safety of milk and dairy products”, ensuring the hygienic
and sanitary safety of the produced products. These results are in agreement with and
supported by studies [31,32].

3.3. Main Characteristics of Symbiotic Fermented Milk Products Over 14 Days

Table 2 presents data on the titratable acidity, bacterial counts of Lactobacillus acidophilus
and Bifidobacterium bifidum, viscosity, and water-holding capacity (WHC) of the control and
two symbiotic fermented milk products over a 14-day period.

Table 2. Main characteristics of the symbiotic fermented milk products.

Titratable Acidity = Number of L. acidophilus  Number of B. bifidum

Water-Holding

Days Products °T] [lg CFU/cm®] llg CFU/em®] Viscosity [s] Capacity [%]

Control 108.5 £ 0.16 2 892 +0.022 9.17 £0.122 9.84 302

1 Product 1 106.2 £ 0.22 P 9.12 +0.04" 10.52 £ 0.05 10.2P 15b
Product 2 105.8 + 0.44 9.24 +0.03°¢ 9.31 +£0.032 104 ¢ 15b

Control 1254 +0.742 10.26 + 0.032 11.53 £0.052 1022 252

7 Product 1 120.2 + 0.28 P 11.32 £ 0.02° 12.07 + 0.07 ? 11.3° 202
Product 2 120.6 + 0.16° 11.28 + 0.04 P 11.61 4+ 0.022 11.2° 20b

Control 146.2 4+ 0.08 2 8.99 +0.132 833+ 0.112 10.02 452

14 Product 1 136.0 + 0.09 9.98 +0.02° 10.45 + 0.12P 11.0° 37b
Product 2 135.6 + 0.05° 9.59 + 0.09 P 10.05 + 0.11° 10.7 ¢ 40°b

Each value is expressed as mean & SD (n = 3) and means having different letter superscripts within the same
column are significantly different (p < 0.05). T—Turner degrees of acidity; s—Seconds.

All products meet the requirements of standards [27,33]. The data obtained from
Table 2 showed that the increase in titratable acidity was slower over 14 days in products 1
and 2, which were enriched with B. bifidum activated by hawthorn extract, compared to
the control. On day 7, titratable acidity in the control and products 1 and 2 increased by
15.6%, 13.2%, and 14.0%, respectively, compared to the 24 h values. However, by day 14,
titratable acidity in the control increased by 35%, while in products 1 and 2, it increased by
28%. This indicates that the slower increase in acidity in the enriched products suggests
better preservation and slower spoilage, potentially maintaining more favorable sensory
characteristics. These results are consistent with the findings of Vanaki et al. [24], who
demonstrated that the addition of natural extracts can modulate the acidification rate in
synbiotic yogurts. Similar trends were observed by Saatloo et al. [32], where the addition
of plant extracts led to a slower increase in titratable acidity, which improved the shelf-life
and sensory quality of the yogurt. Vahdat et al. [34] also reported that yogurt enriched with
bioactive compounds exhibited a more controlled acidification process, which is crucial for
maintaining desirable sensory properties over time.

The viscosity of the control increased by 4% on day 7 and 2% on day 14 compared to
the control after 24 h. In contrast, the viscosity in product 1 and product 2 exceeded the
control by 11% and 9.8%, respectively, on day 7, and by 10% and 7% on day 14. Higher
viscosities in the enriched products suggest improved texture and mouthfeel, enhancing the
sensory experience. These results are consistent with the studies of Szottysik et al. [22], who
found that the addition of natural extracts to yogurt formulations significantly improves
viscosity and texture. Vanaki et al. [24] also observed that synbiotic yogurt products with
plant extracts had a higher viscosity, which contributed to a creamier and more desirable
mouthfeel. Similarly, Eris et al. [35] demonstrated that the addition of inulin and other
prebiotic fibers into yogurt not only improved the viscosity but also positively influenced
the overall sensory properties, making the product more appealing to consumers.

On day 1, the control had a WHC of 30%, while product 1 and product 2 had lower
WHCs of 15%. By day 14, the WHC of the control increased to 45%, with product 1 and prod-
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uct 2 showing WHCs of 37% and 40%, respectively. The enriched products demonstrated
improved WHC over time, likely due to the interaction between hawthorn extract and the
milk proteins. These findings align with studies by Szottysik et al. [22], Vanaki et al. [24],
and Eris et al. [35], which reported improved WHC in yogurts enriched with natural
extracts such as Rosa spinosissima, Arctium lappa root, and inulin. The improvements are
attributed to the binding of water molecules by prebiotic fibers and bioactive compounds,
enhancing the yogurt’s gel network and reducing syneresis.

At 7 days, the populations of L. acidophilus in the control and products 1 and 2 in-
creased by 13.1%, 19.4%, and 18.1%, respectively, compared to the levels measured at
24 h post-production. Similarly, the viable counts of B. bifidum in the control and prod-
ucts 1 and 2 increased by 20.4%, 12.8%, and 19.8%, respectively, compared to the 24 h
measurement. These results are consistent with the study by Szottysik et al., who re-
ported that 0.2% Rosa spinosissima fruit extract increases traditional yogurt’s microflora
counts [22]. Haji Ghafarloo et al. also found that 0.25% ginger extract acts as a prebiotic to
promote Bifidobacterium bifidum growth [19]. Furthermore, Rahmani et al. demonstrated
that green tea aqueous extract helps maintain stable counts of Lactobacillus acidophilus and
Bifidobacterium bifidum in probiotic yogurt over 4 weeks of storage [20].

By the 14th day, a decrease in the population of L. acidophilus was observed in the
control and products 1 and 2, with reductions of 14.1%, 13.4%, and 17.6%, respectively,
compared to the 7-day counts. A decrease in the viable count of B. bifidum was also noted in
the control and products 1 and 2, with reductions of 38.4%, 15.5%, and 15.5%, respectively,
compared to the 7-day counts. This reduction may be attributed to nutrient depletion or
the accumulation of metabolic by-products. Al-Hindi et al. observed similar trends in
their study with a functional fermented milk beverage containing 300 mg/L pomegranate
peel extract (POPE), where the populations of Lactobacillus plantarum DMSZ 20,079 slightly
decreased from log 9.33 £ 0.28 CFU/mL to log 8.02 £ 0.22 CFU/mL for FMPO 300. The
cell density of Bifidobacterium longum subsp. longum decreased from log 9.40 & 0.21 to log
7.58 £ 0.14 CFU/mL [23].

Over a period of 14 days, the viable count of L. acidophilus in product 1, with B. bifidum
activated using hawthorn extract at a concentration of 107> g/cm?, increased by 10.6%
compared to the control at 24 h. In product 2, with B. bifidum activated using hawthorn
extract at a concentration of 1071° g/cm3, the viable count of L. acidophilus increased by
7.0% compared to the control at 24 h. Additionally, over the same period, the viable count of
B. bifidum in product 1, with hawthorn extract at a concentration of 107> g/cm?, increased
by 12.2%, and in product 2, at a concentration of 1010 g/ cm?, the count increased by 8.7%
compared to the control at 24 h. These results align with those of E. Vanaki et al., who
found that that 0.5% and 1% extracts of Arctium lappa root (ALE) increased the viability
of Lactobacillus acidophilus La-5 and Bifidobacterium bifidum Bb-12 from 6.96 and 8.14 Log
CFU/g to 7.3 and 7.30 Log CFU/g during storage [24].

The data indicate that the viable counts of L. acidophilus and B. bifidum in symbiotic
fermented milk products 1 and 2 with hawthorn extract ranged from 10°~10'° CFU/cm?
at 7 days. Thus, the addition of hawthorn extract significantly improved the stability
and viability of L. acidophilus and B. bifidum in symbiotic fermented milk products. The
enriched products demonstrated better control over titratable acidity, higher bacterial
counts, and improved viscosity and water-holding capacities over 14 days compared to the
control. These enhancements suggest that hawthorn extract serves as an effective prebiotic,
supporting the growth and sustainability of probiotic cultures and consequently enhancing
the sensory properties of the fermented milk products.

These findings align with previous studies that reported improvements in probiotic
viability and sensory qualities in fermented milk products enriched with natural extracts.
For example, research by Terpou et al. has shown that the addition of prebiotics can
improve the viability of probiotic bacteria in foods [36]. Similarly, other studies have
reported improvements in the number of probiotics and sensory properties of fermented
milk products with bifidobacteria and natural plant extracts [37,38].
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3.4. Amino Acid Composition of Symbiotic Fermented Milk Products

The amino acid composition of the symbiotic fermented milk products was analyzed
to assess their nutritional profile. The concentrations of various amino acids in the control
and experimental samples (product 1 and product 2) are presented in Figure 3.

B Control [l Product 1 Product 2
Arginine 057 0.483+0.193
Lysine 037140126 0.483+0.164
Tyrosine i) 2m§ 0.290+0.087

Phenylalanine W
0.204+0, 0.278+0.083
Histidinm——————_ 0.19340.097

0.168+0.084

Leucine+isoleucin
]
§ Methionine T 14440, 0.181x0.062
E Valine 031120125 0.374£0.150

Proline 049120128 0.615+0.160

Threonine 021640085 0.266+0.106

Serine 0.239+0. 0.278+0.072

Alanine s | 19340050

Glycine 0.081 0.09740.033

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 3. Amino acid composition of the symbiotic fermented milk product. Values are means + SD
at significant differences at p < 0.05, n = 3.

Amino acids are the building blocks of proteins and play essential roles in various
physiological functions in the human body. Analysis of the amino acid composition
revealed remarkable differences between the samples. Product 1 and product 2 had higher
concentrations of certain essential and non-essential amino acids compared to the control,
indicating a possible improvement in nutritional value.

The activation of B. bifidum 1 with hawthorn extract at concentrations of 10> g/ cm?
resulted in an enrichment of the composition of product 1 with the following amino acids:
arginine (0.483%), lysine (0.483%), tyrosine (0.290%), phenylalanine (0.278%), histidine
(0.193%), leucine + isoleucine (0.459%), methionine (0.181%), proline (0.615%), threonine
(0.266%), serine (0.278%), alanine (0.193%), and glycine (0.097%) compared to the control.
Activation of B. bifidum 1 with hawthorn extract at a concentration of 10~1% g/cm? resulted
in an enrichment of the composition of product 2 with the following amino acids: tyrosine
(0.216%), histidine (0.168%), and threonine (0.216%) compared to the control.

Arginine is a semi-essential amino acid that is involved in various physiological pro-
cesses, including immune function and protein synthesis [39]. Aromatic amino acids such
as tyrosine and phenylalanine play a crucial role in protein synthesis and the production of
neurotransmitters. Increasing their content could improve the flavor and nutritional value
of fermented products.

These changes could be attributed to the fermentation process and the addition of
bifidobacteria activated with hawthorn extract. The significant increase in proline content
suggests potential benefits in tissue repair and skin health. These results are consistent with
previous research highlighting the effects of bifidobacteria and herbal extracts on amino
acid composition in fermented dairy products [40,41].
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3.5. Vitamin and Mineral Composition of Symbiotic Fermented Milk Products

Figure 4 presents the water-soluble vitamin content of the symbiotic fermented milk
products enriched with bifidobacteria activated with hawthorn extract compared to the control.

Product2 [l Product1 [l Control

100%

.009+0.00:
0.011£0.002 377041282 0.353+0.064 0.068:0.014 0 2

0.047+0.020

75% —_—

0.01810.002 0.76140.13788 183+0-03%

5.473+1.86]1
50% 0.057+0.024;

0.047+0.020,

25%

0.019:0.004889 99311 693 m0.649+0.11740-1600.032

0.047+0.020,

0%

B2 B6 C (Ascorbic B5 B3 (Nicotinic B9 (Folate)
(Riboflavin)  (Pyridoxine) acid) (Pantothenic acid)
acid)

Water-soluble vitamins, mg/100 g

Figure 4. Water-soluble vitamin content of the symbiotic fermented milk product. Values are
means =+ SD at significant differences at p < 0.05, n = 3.

The analysis presented in Figure 4 demonstrates that product 1, which is enriched with
B. bifidum activated with hawthorn extract at a concentration of 105 g/cm3, exhibits signif-
icantly increased levels of several vitamins compared to the control sample. Specifically,
riboflavin (By) levels increased by 21.3%, ascorbic acid (C) by 9.6%, nicotinic acid (B3) by
14.4%, and pantothenic acid (Bs) by 17.2%. These enhancements suggest an improvement in
the nutritional value of product 1. In contrast, product 2 showed a decrease in water-soluble
vitamin content. This indicates that the effect of bifidobacteria activation by hawthorn
extract can vary depending on the concentration used.

These findings are consistent with the existing literature, which highlights the role
of prebiotics, such as hawthorn extract, in enhancing the activity of probiotics such as
B. bifidum. Studies have shown that prebiotics can modulate the metabolic activity of
probiotics, leading to increased production of certain vitamins and other beneficial metabo-
lites [42—44]. Specifically, the activation of probiotics by plant extracts has been associated
with enhanced synthesis of B vitamins, which are crucial for various physiological functions
and overall health [44,45].

The observed decrease in vitamin content in product 2 underscores the complexity
of probiotic activation and the importance of optimizing the concentration of prebiotic
extracts. It suggests that while certain concentrations of hawthorn extract can boost vitamin
production, others may not be as effective or could potentially inhibit it. This variability is
supported by research indicating that the interaction between probiotics and prebiotics is
dose-dependent and can be influenced by several factors, including the type of probiotic
strain and the specific prebiotic used [46,47].

The mineral content is presented in Figure 5.

The mineral composition also varied (Figure 5), with product 1 showing an increase
in sodium (Na)—8.11%, magnesium (Mg)—1.72%, phosphorus (P)—15.02%, and calcium
(Ca)—15.54%, while product 2 showed an increase in chloride (C1)—8.60%, potassium (K)—
15.42%, and calcium (Ca)—10.23%. These results are consistent with research findings that
demonstrate the influence of probiotic strains and natural extracts on the mineral content
of fermented milk products. For example, recent studies investigated the influence of
probiotic strains on the mineral content of fermented milk products and reported changes
in sodium, potassium, and calcium levels [48,49]. Similarly, research by Yangilar et al.
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examined the effect of natural plant raw material on mineral composition in fermented
dairy products and found alterations in magnesium and phosphorus content [50].

B Control [ Product 1 Product 2
34.67

20 —14.97
10
8
- 6
=
E 4
T
=
2
0.97
1
0.8
0.6
[+ o Na Mg

Elements

Figure 5. Mineral composition of the symbiotic fermented milk products.

3.6. Antioxidant Composition of Symbiotic Fermented Milk Products

The antioxidant composition of two different products enriched with B. bifidum acti-
vated with hawthorn extract compared to the control group is presented in Table 3.

Table 3. Content of antioxidant substances. Values are means + SD at significant differences at

p<0.05n=3.
Products Flavonoids, mg/g Content of Water-Soluble Antioxidants, mg/g
Control 0.15 £ 0.001 0.70 £ 0.0024
Product 1 0.19 £ 0.001 0.74 £ 0.0024
Product 2 0.17 4 0.001 0.63 + 0.0020

Both product 1 and product 2 showed an increased flavonoid content compared to
the control, suggesting improved antioxidant properties. The increase in flavonoid content
observed in product 1 and product 2 compared to the control is consistent with the results
of studies conducted by Jena et al. and Yang et al., which showed that the fermentation
process with bifidobacteria can increase flavonoid content, possibly due to enzymatic
activities during fermentation [51,52].

The levels of water-soluble antioxidants were higher in product 1, enriched with
B. bifidum activated with hawthorn extract at a concentration of 107> g/cm3, compared
to the control sample and product 2, enriched with B. bifidum activated with hawthorn
extract at a concentration of 1071° g/cm?3. These findings correlate well with the research by
A. Sungatullina et al. [53], which demonstrated that the addition of bioactive extracts, such
as flaxseed mucilage, could significantly enhance the antioxidant properties of fermented
milk products. This enhancement is attributed to the presence of natural antioxidants in
the extracts, which are incorporated into the milk matrix during fermentation.

The observed changes in water-soluble antioxidants are consistent with research
indicating that hawthorn extract may improve antioxidant properties [54,55]. These results
support the development of fermented milk products with improved antioxidant content
by incorporating B. bifidum 1 activated with hawthorn extract.
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3.7. Nutritional Values of Symbiotic Fermented Milk Products

The nutritional values of symbiotic fermented milk products enriched with bifidobac-
teria activated with hawthorn extract at various concentrations compared to the control are
presented in Table 4.

Table 4. Nutritional value of the symbiotic fermented milk products. Values are means + SD at
significant differences at p < 0.05, n = 3.

Indicators Control Product 1 Product 2
Protein, % 444 4+ 0.27 440+ 0.26 444 4+ 0.27
Fats, % 241 £0.19 243 +£0.19 241 4+0.19
Carbohydrates, % 3.21 +£0.16 2.80 +£0.14 2.60 +0.13
Moisture, % 89.47 + 447 90.0 £ 4.5 90.09 £ 4.5
Ash, % 0.47 £0.02 0.37 £ 0.02 0.46 £+ 0.02

Energy value, kcal/kJ/100g 52.29/218.78 50.83/212.67 49.85/208.57

The protein and fat content remained relatively constant in all products, indicating
that enrichment with B. bifidum activated with hawthorn extract had minimal effect on
these components of the fermented milk products. However, the carbohydrate content in
product 1 and product 2 decreased significantly compared to the control. This reduction is
attributed to the fermentation process in which the bifidobacteria utilize carbohydrates, as
shown by the results of Solopova et al. [56].

Accordingly, the energy value of product 1 and product 2 decreased slightly, which
correlates with the reduced carbohydrate content. The moisture and ash content remained
stable in all samples. Overall, the addition of B. bifidum activated with microwave-treated
hawthorn extract had only a minimal impact on the protein and fat content but led to a
significant decrease in the carbohydrate content.

This study’s limitations include potential variations in fermentation conditions, hawthorn
extract sources, microbial strains, and uncontrolled variables such as environmental con-
ditions and milk composition, which may affect the generalizability and reliability of the
findings. In general, our results support hypotheses about bifidobacteria metabolism and
the impact of bioactive compounds such as hawthorn extract on B. bifidum in fermented
milk products. The changes in sensory properties, nutritional content, and antioxidant
properties align with established theories on their health benefits. Future research should
explore the mechanisms of these effects, the synergies between probiotics, prebiotics, and
natural extracts, and consumer preferences to enhance market application. This study
highlights the potential for hawthorn-activated bifidobacteria to create functional dairy
products with improved nutritional and health benefits, offering innovation opportunities
in the dairy industry.

4. Conclusions

In this study, a symbiotic fermented milk product based on Lactobacillus acidophilus
enriched with Bifidobacterium bifidum activated by microwave-treated hawthorn extract was
successfully developed.

It was established that both product 1 and product 2 had a higher content of vi-
able probiotic cells compared to the control. Product 1 showed an increase of 24.1% in
L. acidophilus and 14.7% in B. bifidum after 7 days compared to initial levels, which was sig-
nificantly higher than the control. Product 1 exhibited improved taste and odor, enhancing
consumer acceptance.

Both enriched products demonstrated slower increases in titratable acidity and higher
viscosities over 14 days, indicating better preservation and texture stability.
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Activation of B. bifidum 1 with hawthorn extract at concentrations of 10~° g/cm? was
found to enrich the composition of product 1 with essential and non-essential amino acids,
vitamins, and minerals, enhancing its nutritional value.

Both enriched products showed increased flavonoid content, indicating improved
antioxidant properties, which can contribute to health benefits.

These findings underline the potential of using microwave-treated hawthorn extract at
a concentration of 107> g/cm? to activate B. bifidum, resulting in fermented milk products
with superior nutritional profiles and enhanced sensory qualities. This approach supports
probiotic culture sustainability and aligns with consumer trends toward functional foods
with health benefits.

Potential follow-up studies could explore the underlying mechanisms by which
hawthorn extract enhances the viability and functionality of probiotics. Studies could
also be conducted to understand the functionality of these symbiotic fermented milk prod-
ucts in the human body. In summary, this study demonstrates significant innovation
potential in the dairy industry, offering functional dairy products with improved nutri-
tional value and health-promoting properties through the use of bifidobacteria activated by
hawthorn extract.
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