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Poly(lactic acid) (PLA) based functional films incorporated with curcumin, rutin and quercetin were prepared using a
solution casting method. The presence of the polyphenols in the polymer matrix was proven by X-ray diffraction analysis.
Curcumin was uniformly dispersed in the PLA matrix and showed excellent compatibility with it, as evidenced by the
SEM and DSC analysis. The addition of curcumin improved the thermal stability of the PLA film. In contrary, rutin and
quercetin were present in micro-sized aggregates in the polymer matrix and showed poor compatibility. All incorporated

polyphenols degraded the electret properties of the PLA films.
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INTRODUCTION

The surge in plastic food packaging waste,
largely driven by the fast-food industry, has
prompted many countries to urge their packaging
manufacturers to enhance food supply chain
efficiency [1]. This aims to minimize food spoilage
and waste. To tackle this issue, incorporating active
agents like antimicrobial and antioxidant
compounds into packaging materials has emerged as
a promising solution [2]. These 'active' or 'smart'
packaging systems can extend food shelf life and
reduce food losses, ultimately boosting industry
profitability. At the same time, since most plastics
are non-biodegradable, their disposal without
recycling  poses  significant  environmental
challenges [3]. Concerns over these issues, along
with the depletion of petrochemical resources, have
driven efforts to develop eco-friendly, renewable,
and biodegradable biopolymeric materials [4].
Consequently, biodegradable and bioplastic
packaging materials derived from renewable
resources have garnered significant attention as
plastics [5].

Poly(lactic acid) (PLA) is a biodegradable and
biocompatible thermoplastic aliphatic polyester
derived from renewable resources such as corn
starch or sugar beet [6, 7]. It has gained significant
attention as a sustainable alternative to traditional
petroleum-based plastics due to its environmental
friendliness and versatility. While widely used in
medicine and some food packaging, PLA suffers
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E-mail: marudova@uni-plovdiv.net

from poor mechanical strength and lacks natural
antimicrobial properties.

Polyphenols, a class of naturally occurring
compounds found in plants, exhibit a wide range of
beneficial properties, including antioxidant, anti-
inflammatory, and  antimicrobial activities.
Curcumin, rutin, and quercetin are three prominent
polyphenols with potent antioxidant properties [8,
9].

Blending PLA with polyphenols offers a
promising approach to address the limitations of
PLA while leveraging the advantageous properties
of polyphenols. The incorporation of polyphenols
into PLA can enhance its mechanical properties,
thermal stability, UV resistance, and bioactivity.
Additionally, the controlled release of polyphenols
from the PLA matrix can provide sustained
therapeutic  benefits in various biomedical
applications [10].

The present research aims to develop new PLA-
based multicomponent films with incorporated
polyphenols (curcumin, rutin and quercetin) and to
examine their morphology, structure, thermal and
electret properties.

MATERIALS AND METHODS
Materials

Poly(lactic acid) (PLA), curcumin, quercetin,
rutin, and Tween® 20 were purchased from Sigma-
Aldrich (Germany) and were used without further
characterization or purification. All other chemicals
were of analytical grade.

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Preparation of empty and polyphenol loaded PLA
films

PLA-based films were prepared by the solvent
casting method. First, 2 g of PLA was added to 100
ml of chloroform containing 1.5% Tween® 20, and
dissolved for 6 h on a magnetic stirrer. Then 380 mg
of polyphenol (curcumin, quercetin or rutin) was
slowly added to the PLA solution and dissolved for
1 h at 1000 rpm, followed by homogenization at 12
000 rpm for 5 min. The film-forming solution was
cast on levelled glass Petri dishes and dried at a
temperature of 30 °C until complete chloroform
evaporation. The dry films were stored in a
desiccator at a temperature of 25 °C and relative
humidity of 20 % for at least 72 h before use. For
comparison, neat PLA film without polyphenols was
prepared according to the above-described
procedure.

The film thickness was measured ten times on
each testing sample with a digital micrometer No.
293-5, Mitutoyo, Japan.

Morphology

Scanning electron microscopy (SEM) analysis
(ZEISS EVO LS25—EDAX Trident) was applied to
investigate the morphology of the materials. For this
purpose, part of the sample was directly attached to
SEM stubs and subsequently coated with carbon.
SEM-EDX was performed at an accelerating voltage
of 15kV.

Powder X-ray diffraction

Powder X-ray diffraction analysis was conducted
using an Empyrean Powder X-ray diffractometer
(Malvern Panalytical, Almelo, The Netherlands)
equipped with a copper X-ray source (A = 1.5406 A)
and a PIXcel3D area detector. The diffraction
patterns of the compounds PLA, curcumin, rutin,
quercetin, PLA-curcumin, PLA-rutin, PLA-
quercetin were collected in the 2—50° 2 Theta range
using the following operation conditions: 40 kV/30
mA, step size of 0.013°, and rotation speed of 15
rpm. The powder patterns of the bulk
microcrystalline  products  (curcumin,  rutin,
quercetin) were compared with the powder patterns
of the composites, thus confirming the presence of
desired/undesired crystalline/amorphous phases.
Data Viewer ver. 1.9a software (Malvern
Panalytical, Almelo, The Netherlands) was used for
visualization of the powder patterns.

Thermogravimetric analysis

Thermogravimetric ~ analysis  (TGA)  was
performed on Discovery DSC 50 (TA instruments,
New Castle, DE, USA). Samples weighing between
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15 and 20 mg were heated in Al,O3 pans from 30 to
300 °C (heating rate of 10 °C.min"") in a dynamic
ambient (air) atmosphere (flow rate of 40 mL.min ™).

Differential scanning calorimetry

The melting phenomena and stability of PLA-
based films were studied using differential scanning
calorimetry (DSC). The DSC 204F1 Phoenix
instrument (Netzsch Gerdtebau GmbH, Germany)
was employed for these investigations. The
instrument was calibrated by an indium standard for
both heat flow and temperature. The samples were
carefully placed in aluminium pans and hermetically
sealed, with an identical empty pan serving as a
reference. The temperature profile for the DSC
analysis included heating from 20 °C to 350 °C at a
rate of 10 °C.min"'. The acquired experimental data
were analyzed using Netzsch Proteus—Thermal
Analysis software (Version 6.1.0B, Germany).

Corona treatment and surface potential
measurement

The created composite films were cut into 30 mm
samples and charged under corona discharge in
normal atmospheric conditions. The charging of the
samples in a corona discharge was carried out by
means of a conventional corona triode system
consisting of a corona electrode (needle), a grounded
plate electrode and a grid placed between them. For
the charging process, positive 5 kV voltage was
applied to the needle electrode and 1 kV of the same
polarity was applied to the grid. All films were
charged for 1 min. The electret surface potential of
the charged samples was determined with the
vibrating electrode method with compensation and
the estimated error was less than 5%. The
normalized surface potentials V/V, were calculated,
as the value Vo is the initial surface potential
measured about 1 min just after charging the electret.

RESULTS AND DISCUSSION

The incorporation of the polyphenols in the PLA
matrix and their phase state was confirmed by the X-
ray diffraction method. The XRD patterns shown in
Figure 1A demonstrate that curcumin was
successfully loaded into the PLA matrices (blue
graph).

In the case of PLA-curcumin multicomponent
film, the PLA support remains basically unchanged
as visualized by XRD and SEM (Figures 2a, 2b). The
SEM images show the appearance of “roughness” on
the surfaces of the films, though no separate
crystallites related to curcumin are visible. This is
not the case for rutin and quercetin, where, in
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addition to the surface “roughness”, aggregates can
be observed on the surface (Figures 2c, 2d).

The XRD pattern for the PLA-rutin composite
(Figure 1b) demonstrates similar features as the
PLA-curcumin. However, the presence of rutin in
the PLA matrix is not as clearly displayed as that of
curcumin, as the two reflexes associated with the
rutin phase possess lower intensity when compared
to curcumin.

This may indicate inhomogeneous distribution of
rutin as observed on the SEM images (Figure 2c).
The situation is similar for the PLA-quercetin case
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(Figures 1c and 2d). The TGA data (Figure 3)
reveal that the PLA matrix loses ~5% surficial
water up to 100 °C (in two steps) then melts
around 130 °C and decomposes above 250 °C.
The thermal behavior of the composites seems
to prevent the interaction of PLA with ambient
moisture. The PLA-curcumin combination is
very stable (only ~1% water losses) and starts to
decompose after 275 °C.
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Figure 1. XRD patterns of PLA (green), polyphenol powder (red), and PLA-Polyphenol
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Figure 2. Scanning electron microscopy images of (a) PLA matrix, (b) PLA-curcumin film, (¢) PLA-rutin film and

(d) PLA-quercetin film.
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A similar improvement in thermal stability was
reported by Zia et al. for an LDPE-curcumin
multicomponent  film  [11]. The thermal
comportment of the PLA-rutin also follows this
observation, although the losses are a little bit more
pronounced (~2% up to 100 °C), and then
decomposes above 260 °C. The TGA data for PLA-
quercetin differ for the previous two sets. The losses
are registered at higher temperatures (130 and 225
°C) and are more pronounced - ~4% in total. The
decomposition/melting is registered at values similar
to the PLA, rutin and curcumin blended films.
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Figure 3. Thermogravimetric analysis (TGA) of PLA,
PLA-curcumin film, PLA-rutin film, PLA-quercetin film.
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Figure 4. DSC curves of PLA-based films

The results from TGA are confirmed by the phase
transitions in the PLA-based films, which are
examined by differential scanning calorimetry
(DSC). The DSC curves of neat PLA film and PLA
films loaded with polyphenols, are presented in
Figures 4 and 5, respectively. The thermogram of the
neat PLA film is characterized by wide endothermic
peak between 50 °C and 100 °C which is probably
due to evaporation of some moisture content, which
was also observed in the TGA curve. A second
endothermic peak with a maximum at 155 °C
corresponds to the melting phenomena. The increase
of the DSC signal at 250 °C is related to thermal
decomposition of the material. Similar results for the
PLA thermal behavior were demonstrated by
Chartarrayawadee and co-workers, who found that
the melting temperature of pure PLA is 153.3 °C
[12].

No water evaporation is observed in the
curcumin-loaded PLA film, suggesting that its water
content is very low. It is characterized by two
endothermic processes at temperatures of 144.6 °C
and 183.7 °C, which can be interpreted as melting of
the PLA phase and curcumin crystals, respectively.
These data are summarized in Table 1.
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Figure 5. DSC curves of polyphenol powders

Table 1. Melting phenomena in PLA-based films, loaded with polyphenols

Peak 1 Peak 2
Film Temperature, | Enthalpy, J/g Temperature, Enthalpy, J/g Polyphenol
oC °oC crystallinity, %
PLA 154.6 16.23 -
PLA- 144.6 9.829 183.7 6.264 30
curcumin
PLAf 146.2 11.3 171.8 17.48 42
rutin
PL-A -
quercetin 154.4 13.6 B
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This film is stable until 300 °C. Taking into
account the melting enthalpy of the non-
immobilized curcumin and its content in the film, it
can be estimated that about 30% of it recrystallized
during the curing of the films. The thermal behavior
of the PLA—rutin film is very similar. In it, the
melting is realized at 146.2 °C and 171.8 °C and the
degree of crystallinity of the loaded rutin is 42 %.
The DSC data for PLA-quercetin film differ from the
previous two sets. In this case no second peak is
detected, which could mean that quercetin does not
crystallize. The absence of a crystalline structure of
the included quercetin is also confirmed by the
absence of reflexes in the XRD pattern of the PLA-
quercetin film (Figure 1c).

Analyzing the DSC curves of the
multicomponent films, two general trends are
observed: both the melting temperature of PLA and
the enthalpy of the phase transition decrease. The
decrease is most noticeable for the PLA-curcumin
films, while almost no decrease is registered in the
PLA-quercetin system. Such behavior may be
related to the compatibility and homogeneity of the
polyphenol distribution in the PLA matrix. The
PLA-rutin film is the most homogeneous one, as
confirmed by SEM analysis. Roy and Rhim also
reported compatibility between PLA and curcumin,
demonstrated by DSC analysis [13].

An important feature for food packaging are their
electret properties [14]. They enable the material to
retain a stable electrostatic charge, which can help
prevent contamination by attracting and trapping
dust, microorganisms, and other fine particles. This
enhances the cleanliness and safety of the packaged
food, extending shelf life and maintaining quality.
Additionally, electret materials can offer
antimicrobial benefits and improve barrier
properties without relying on additives or external
energy sources.

Time dependences of the normalized surface
potential for positively charged PLA samples and
PLA samples with different polyphenols were
measured for 360 min. During the first half hour
measurements were taken every 5 min due to the
rapid decrease of the surface potential, after which
measurements were taken less frequently, due to the
decrease of the rate of decay. The measurement was
continued until the determination of the steady state
values (at 360 min) of each sample. Time
dependences of the normalized surface potential of
all investigated samples are presented in Figure 6.
The data show the averaged value of 6 samples, with
standard deviation less than 5% from the mean at 95
% confidence level.

101 = PLA
-!". @ PLA - Curcumin
0.9 v°n PLA - Quercetin
ve " v PLA-Rutin
] v =
0.8 - g
<4 ' =
o
>
Z 0.7 4 . |
> S
0.6 - b4 = g - .
Iy
0.5+ LI v v
4 ° [ ] °
04 T T T T T

— ———— —

0 50 100 150 200 250 300 350 400
Time, min

Figure 6. Time dependences of the normalized surface

potential for PLA composite films charged in a positive
corona.

The obtained experimental results demonstrate
that the decay of the normalized surface potential for
the first 120 min of the study is exponential, after
which the normalized surface potential decreases
and it is practically stabilized within 360 min. These
results demonstrate the existence of different surface
states that are localized on the surface of the sample
and that contain entrapped charges within them. The
initial exponential decay can be accredited to the
release of weakly captured charges from the shallow
energy states. After this period of time the
normalized surface potential becomes stable at a set
value, which can be attributed to the remaining
tightly entrapped charges in deeper traps. Similar
behavior has been observed earlier in [15, 16]. It was
also observed that the normalized surface potential
values decrease with the addition of different
polyphenols. The results demonstrate that electrets
created from PLA possess the highest values of the
normalized surface potential when compared to all
other types. This can be explained with the differing
crystallinity degrees that were determined with the
use of the DSC method (see DSC analyses) and the
chemical structure of the polyphenols.

CONCLUSION

This study demonstrates the successful
incorporation of three polyphenols — curcumin, rutin
and quercetin in a poly(lactic acid) matrix. The PLA-
curcumin film is characterized as homogeneous,
while micro-sized aggregates are found in PLA-rutin
and PLA-quercetin films. The appearance of
inhomogeneities in the films containing rutin and
quercetin is most likely caused by aggregation,
which is due to the poor solubility of these two
polyphenols in chloroform. To reduce the number
and size of aggregates, it is necessary to increase the
solubility, for example, by adding appropriate
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co-solutes. Loading of curcumin improves the
thermal stability of the PLA matrix. In all studied
multicomponent films, the presence of polyphenol
reduces the surface potential and degrades the
electret properties of the films. Considering the
analyses performed and their results, it can be
assumed that the most suitable polyphenol included
in the polylactic acid matrix is curcumin. This type
of film could be used for packaging of rapidly
oxidizing food products.
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Republic of Bulgaria, project DUECOS BG-RRP-
2.004-0001-C0, D24-FTF-009.
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One of the greatest threats to human health is bacteria's resistance to an increasing number of available antibiotics.
This resistance can arise due to various factors like misuse and inappropriate antibiotic use in humans and animals. Our
study aims to analyze the impact of the COVID-19 pandemic on antibiotic use in ICU and GW at the Specialized
Hospital of Obstetrics and Gynecology for Active Treatment (SHOGAT) "Prof. Dr. D. Stamatov" Varna, Bulgaria.
It is a retrospective analysis of data from 2017-2023 from two wards (ICU and GW) at SHOGAT. To calculate antibiotic
consumption, we used the Anatomical Therapeutic Chemical/Defined Daily Dose (ATC/DDD) classification system
which is an international standard for calculating antibiotic consumption in a unified technical unit - defined daily dose
(DDD). The changes in antibiotic use in both wards of SHOGAT are related to COVID-19 and an adjustment in the
hospital's antibiotic policy. A notable increase was observed in the use of two specific antibiotics: azithromycin and
cefazolin. The high use of azithromycin in 2021 is explained by the fact that it was the main choice for patients with
confirmed COVID-19. The increasing use of cefazolin is related to its application as the drug of choice for preoperative
antibiotic prophylaxis. Strict adherence to antibiotic application protocols in the medical facility, along with the
recommendations of EUCAST and the Bulgarian Association of Microbiologists, has limited the overuse of antimicrobial
agents. This, in turn, leads to reduced treatment costs for patients and limits the development of resistant strains.

Keywords: antibiotic consumption, antibiotic stewardship, COVID-19, antibiotic guidelines

INTRODUCTION

Antibiotics are life-saving and cost-effective
medicines, but the increasing resistance of
pathogenic bacteria to available antibacterial therapy
is one of the biggest threats to human health
nowadays. In July 2022, Health Emergency
Preparedness and Response (HERA) identified on an
annual basis three specific high-impact health
threats: pathogens with high pandemic potential;
chemical, biological, radiological, and nuclear
(CBRN) threats originating from accidental or
deliberate release, and antimicrobial resistance [1].
The latest 2022 report from the European Centre for
Disease Prevention and Control shows that the death
rate from multidrug-resistant bacteria is comparable
to that of HIV/AIDS, tuberculosis, and influenza
combined. It is also estimated that approximately
70% of infections caused by antibiotic resistant
bacteria are due to nosocomial infections [2].

Despite numerous programs to reduce usage and
control prescription, resistance to clinically used
antibiotics remains widespread, and the number of
bacterial pathogens presenting multidrug resistance

* To whom all correspondence should be sent:
E-mail: plamen.bekyarovi@mu-varna.bg

continues to rise [3]. The high consumption of
antibiotics in our food chain and healthcare systems
has drastically waned the effectiveness of
antibacterial treatments, severely compromising our
ability to manage infections. The development and
introduction into clinical practice of new
antibacterial therapies are inadequate to address the
growing threat of antimicrobial resistance (AMR)
[4]. According to the World Health Organisation
(WHO) antibiotic pipeline data report, eleven new
antibiotics have been approved since 2017. Only two
of them represent a new class and have a new target
of action (vaborbactam + meropenem and lefamulin)
[5].

While not a novel paradigm, the One Health
concept has seen a significant escalation in its
importance in recent years, underscored by the
advent of recent epidemics and pandemics, notably
COVID-19. This has elucidated the complex
interdependence between human, animal, plant, and
environmental health, advocating against their
isolated consideration. Concurrently, there has been
a discernible surge in antimicrobial resistance
(AMR) and the prevalence of zoonotic diseases

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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(including COVID-19, avian influenza, and mpox)
within the European region. Empirical evidence
substantiates that identical pathogens proliferate
amongst humans and animals, culminating in
analogous pathologies primarily exacerbated by the
homogeneous application of antibiotics across
species. ~ This  homogeneity in  treatment
methodologies fosters an environment conducive to
the amplification of AMR. In a preemptive measure,
Union (EU)
comprehensive prohibition on the utilization of

the  European instituted a

antibiotics as feed additives for animals as early as
2006. Subsequently, in June 2017, the European
Commission ratified the European One Health
Action Plan against AMR [6]. An analytical review
conducted in 2023 delineated the impediments to the
efficacious enactment of AMR countermeasures
within EU Member States, Norway, and Iceland [7].

According to Machowska and Lundborg [7], the
drivers of the irrational use of antibiotics among
healthcare providers in Europe are: knowledge,
attitude, and perception of healthcare providers
about antibiotic use and resistance; lack of adequate
education for healthcare providers; pharmaceutical
promotion; lack of rapid and sufficient diagnostic
tests and local antibiotic susceptibility data; patient—
doctor interaction; knowledge, attitude, and
perception of pharmacists regarding antibiotic use
and resistance [8]. In Europe, healthcare-associated
infections (HAIs) have the highest public health
burden compared to all other infectious diseases.
Each year, 4.3 million patients in hospitals in the
EU/EEA acquire at least one healthcare-associated
infection during their stay in the hospital [9].

Antimicrobial stewardship (AMS) is a systematic
approach to educate and support healthcare
professionals to follow evidence-based guidelines
for prescribing and administering antimicrobials
[10]. AMS is the effort to measure and improve how
antibiotics are prescribed by physicians and used by
patients. Improving antibiotic prescribing and use is
critical to effectively treat infections, protect patients
from harms caused by unnecessary antibiotic use,
and combat antibiotic resistance [11].

This work aimed to assess the impact of the
COVID-19 pandemic on antibiotic usage in two
wards: Intensive Care Unit (ICU) and Gynecology
Ward (GW) at SHOGAT "Prof. Dr. D. Stamatov"
Varna, Bulgaria. The analysis was conducted by
reviewing antibiotic prescriptions and comparing
annual antimicrobial consumption during the three
years preceding the pandemic (2017-2019) with
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usage during various COVID-19 waves (2020—
2023). Additionally, the study aimed to assess
changes in antibiotic stewardship policies and their
potential effects on antimicrobial use during this
period.

EXPERIMENTAL

Study design

A retrospective investigation was conducted for
seven years. The study was carried out in Varna,
Bulgaria, at the Specialized Hospital of Obstetrics
and Gynecology for Active Treatment "Prof. Dr. D.
Stamatov" (SHOGAT). SHOGAT is a teaching
hospital and has different wards, such as Intensive
Care Units (ICU), Gynecology Ward (GW),
Neonatal Ward (NW), Maternity Ward/ Labour
Ward (MW/LW), High-Risk Pregnancy Ward
(HRPW). The hospital has 140 beds [10 (7,14%)
ICU, 10 (7,14%) NW intensive care beds, 40
(28,57%) NW and 80 (57,15%) medical. Of these
80 beds, 15 (10,72 %) are part of GW. All
antibiotics for oral and parenteral use were set as
inclusion criteria for the study. The limitation factor
in the presented work is that antibiotic use was
examined and analyzed only in two of the hospital
wards (ICU and GW) because antibiotic use in
them is higher.

Data collection

Data on antimicrobial use between January 2017
and December 2023 were extracted from the
pharmacy information system. These data included
the consumption of intravenous and oral antibiotics
prescribed to inpatients. The collected data were
validated by manually checking for errors. To
calculate antibiotic consumption, we used the
Anatomical Therapeutic Chemical/Defined Daily
Dose (ATC/DDD) classification system which is an
international standard for calculating antibiotic
consumption in a unified technical unit defined daily
dose (DDD) per 1000 inhabitants per day (IPD).
When calculating antibiotic use in the separate
wards, the number of occupied bed days in the ward
is taken into account, while the total use is calculated
based on occupied bed days in the hospital.

Classification of antibiotics

The used antibiotics were grouped according to
their chemical structures into  penicillins,
cephalosporins, aminoglycosides, fluoroquinolones,
tetracyclines, nitroimidazoles, and macrolides. The
WHO AWaRe classification (Access, Watch, and
Reserve) was used to categorise the antibiotics
assessed.
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Statistics and software

Antibiotic consumption was analysed using
descriptive methods. The data are expressed as
percentages and proportions. Data input, percentage
calculation, and graphical visualization of the results
were performed using Microsoft Excel.

RESULTS AND DISCUSSION

Calculated total antibiotic usage in SHOGAT
"Prof. Dr. D. Stamatov" - Varna, Bulgaria by years,
covering the period from 2017 to 2023, is presented
in Table 1. The data in the table indicate that the total
antibiotic usage in the hospital is considerably lower
than the average reported for Europe. A 2022
EU/EEA report states that in the hospital sector, the
population-weighted mean  consumption  of

antibacterials for systemic use (ATC group JO1) was
1,61 DDD per 1000 inhabitants per day (country
range: 0.75-3.15), while in SHOGAT it is 0.40 DDD
per 1000 inhabitants per day.

During the period 2013-2022, a statistically
significant decrease in antibiotics use was
observed at the EU/EEA level. Statistically
significant decreasing trends were observed for six
countries, and a statistically significant increasing
trend was observed for two countries (Bulgaria and
Croatia) [12]. This trend is also observed in the
studied hospital, but despite this, the average values
of antibiotic consumption (0.40 DDD/1000IPD) are
lower compared to those in Bulgaria (1.72
DDD/1000IPD) and Europe (1.63 DDD/1000IPD)
[12].

Table 1. Antibiotic consumption in SHOGAT hospital Varna, Bulgaria, DDD per 1000 inhabitants per day (IPD),

from 2017 to 2023
2017 2018 2019 2020 2021 2022 2023
Total antibiotic consumption 0.339 0.294 0.236 0419  0.521 0.518  0.445
(DDD per 1000 IPD)
Table 2. Antibiotics used in ICU and GW (DDD per 1000 IPD, 2017-2023)
ICU and GW antibiotics used
(DDD per 1000 inhabitants per day, from 2017 to 2023)
Ward 2017 2018 2019 2020 2021 2022 2023 Total
ICU 7.34 7.31 6.58 12.79 14.32 16.7 12.46 77.67
GW 2.70 3.33 2.18 4.58 6.35 4.89 6.95 30.98
Total 10.04 10.64 8.76 17.37 20.67 21.76 19.41 108.65
18
17
w 16
S 15
214
'é 13
£ 12 I
g
= 11
>
S 10
g 9
T ——
§ 6 ]
s 5
€ 4 |
: s - X
a8 2
Q
S EEERRRR R
0 [
GW ICU GW ICU GW ICU GW ICU GW ICU GW ICU GW ICU
2017 2018 2019 2020 2021 2022 2023

H Cephalosporins H Penicillins

B Aminoglycosides B Fluoroquinolones

Figure 1. Antibiotics use in ICU and GW at SHOGAT "Prof. Dr. D. Stamatov", Varna, Bulgaria from 2017 — 2023 by

chemical structure
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These data can be explained by the fact that
SHOGAT is a specialized hospital where patients
with severe life-threatening infections are not
treated. Table 2 presents data for antibiotic usage in
two wards — ICU and GW. We chose these two wards
because antibiotic consumption is higher than in
other wards.

Table 2 shows a significant increase in
antimicrobial use, particularly in intensive care
units, with peaks in 2020 and 2021. The overall trend
indicates that both ICU and GW have increased their
use of antimicrobial agents, but the ICU
demonstrates more significant variability and a
higher average level of use.

A difference is observed between the groups of
antibiotics used in the two wards (Fig. 1). In the ICU,
the primary antimicrobial agents are cephalosporins,
followed by nitroimidazoles (metronidazole).
Quinolones (ciprofloxacin) are the preferred
antimicrobial agents in the GW, followed by
metronidazole as the secondary  choice.
Aminoglycosides are frequently used in the GW,
while they are rarely used in the ICU. The use of
penicillins is low in both wards.

Figure 1 illustrates the impact of the COVID-19
pandemic on antimicrobial usage in the hospital. The
use of macrolides (azithromycin) has been observed
since  2020. The highest consumption of
azithromycin was observed in 2021 in GW. The
COVID-19 pandemic was associated with an
increase in the consumption of azithromycin,
notably during the first waves of the pandemic [13].
After a systematic review and meta-analysis, Khan
et al. reported that antimicrobial consumption in
patients with COVID-19 in high-income countries
was lower compared with lower and middle-income
countries (58% versus 85%) [14].

The significant reduction in the use of macrolides
in 2022 is associated with the emergence of new
studies and clinical data showing their limited
effectiveness in the treatment of COVID-19 [15].
Data from Figure 1 indicate that macrolides were not
used in 2023, which aligns with European and global
trends. The measurable impact of the pandemic was
a brief increase in macrolide consumption in 2021
compared to all other years.

The comparative analysis of cephalosporin use
for the two considered periods (Fig. 2) shows a
significant increase in both the GW ward (102.39%)
and the ICU (91.57%) for the period 2020-2023.

Surgical site infections are an important
complication of surgical procedures, and appropriate
antibiotic prophylaxis can reduce the risk of
infections during certain procedures [16].
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The definition of surgical antibiotic prophylaxis is
taken from the 2018 WHO publication “Prevention
of infectious complications by administering an
effective antimicrobial agent prior to exposure to
contamination during surgery” [17]. To prevent
infectious complications before exposure to
contamination during surgery, WHO guideline
recommended "Access group" antibiotics as the
first-choice option in most cases. According to the
recommendations of the Bulgarian Association of
Microbiologists [18], a single dose of cefazolin 2g
i.v. is applied for preoperative prophylaxis of
caesarean section (or cefamandole, or cefuroxime),
and as an alternative - metronidazole 500 mg (1000
mg) i.v.

The increased use of cephalosporins (cefazolin)
after 2020 is associated with a change in the
hospital's antibiotic policy. This policy is aligned
with the recommendations of the Bulgarian
Association of Microbiologists for preoperative
prophylaxis in obstetrics and gynecology.

11.835
ICU 6.178

1777
GW 0.878

0 5 10 15
m2020-2023 m2017-2019

ICU GW
Cephalosporins use 6.178 0.878
(2017-2019)
Cephalosporins use 11.835 1.777

(2020-2023)

Relative rate of change*  1.92 2.02

* Relative rate of change = DDD per 1000 IPD (2020-
2023)/DDD per 1000 IPD (2017-2019)

Figure 2. Cephalosporins consumption in two periods

Table 3 shows the detailed pattern of antibiotic
prescriptions. The most prescribed antibiotics were
cephalosporins  (cefazolin, ceftriaxone, and
ceftazidime), which account for nearly 70% of all
antibiotics used in the hospital. The use of
ceftriaxone (33.8%) and metronidazole (12.5%) in
ICU and GW is similar to data from a study by
Hodosan et al., conducted at the Emergency Clinical
County Hospital of Oradea, Romania (26.46% and
13.05%, respectively) [19].
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Table 3. Antibiotics used by WHO AWaRe category and consumption rates (DDD/1000IPD) from 2017 to 2023

Antimicrobials WHO AWaRe category DDD/1000IPD DDD/1000 IPD%
2017-2023 2017-2023
Cefazolin Access 38.414 35.5%
Amoxicillin Access 0.321 0.%
Ceftriaxone Watch 36.519 33.8%
Gentamycin Access 1.724 1.6%
Ciprofloxacin Watch 12.211 11.3%
Doxycycline Access 0.5885 0.5%
Metronidazole Access 13.5305 12.5%
Ampicillin Access 0 0%
Amikacin Access 0.121 0.1%
Piperacillin/Tazobactam Watch 0.2065 0.2%
Ampicillin/Sulbactam Access 0.0635 0.1%
Azithromycin Watch 4.3975 4.1%
Ceftazidime Watch 0.005 0.005%
Meropenem Watch 0.0105 0.01%
Vancomycin Watch 0.0765 0.07%
Table 4. Antibiotics used according to WHO AWaRe category
Access Watch Reserve
% of antibiotics used by 60% 40% 0%

WHO classification

Table 5. Antimicrobial agents and their usage percentages by WHO AWaRe category

Antimicrobial agent WHO AWaRe category Percentage of usage (%)
Ceftriaxone Watch 68.36
Ciprofloxacin Watch 22.85
Azithromycin Watch 8.23
Piperacillin/Tazobactam Watch 0.39
Vancomycin Watch 0.14
Meropenem Watch 0.02
Ceftazidime Watch 0.01

Table 4 presents a summary of the results of our
study on total antibiotic use in both wards (ICU and
GW) according to AWaRe classification. Notably,
60% of the used antimicrobial agents fall into the
Access group, and 40% are from the Watch group.
No use of antibiotics from the Reserve group was
observed. In the annual report of the European
Center for Disease Prevention and Control for 2022,
it is stated that only 10 countries met or exceeded the
EU target of at least 65% of antibiotic consumption
being from the ‘Access’ group, as per WHO’s
AWaRe classification of antibiotics. The number of
EU Member States at or above the 65% target has
not changed since 2019 [12]. Even though the use of
'Access' group antibiotics in Bulgaria does not meet
the ECDC's set target, SHOGAT nearly achieves
these target values.

In Table 5, we showed the results for the use of
antibiotics from the "Watch' group in ICU and GW
from 2017 to 2023. Ceftriaxone is the most used
antimicrobial in this group, with a significant usage
percentage of 68.36%. Ciprofloxacin follows with a

usage percentage of 22.85%, indicating its common
use but at a lower frequency than ceftriaxone, and
then comes azithromycin with 8.23%. Piperacillin/
tazobactam,  vancomycin,  meropenem, and
ceftazidime are used less frequently, with
percentages of 0.39%, 0.14%, 0.02%, and 0.01%,
respectively.

CONCLUSION

The antibiotic use changes in both SHOGAT
wards are related to COVID-19 and an adjustment in
the hospital's antibiotic policy. Despite the observed
increase in antibiotic prescriptions during the period
2020-2023, the overall antibiotic use in the hospital
remains below the levels for Bulgaria and
Europe/EEA. Additional measures are needed to
promote the rational use of antibiotics by
implementing the WHO AWaRe classification and
increasing the prescription of antibiotics from the
'Access' group. WHO recommends that antibiotics
from this group should constitute 65% of all
antibiotics used. A more extensive study will
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subsequently present the analyzed data on antibiotic
use across all wards of SHOGAT.

Conflict of interest: Authors declare no conflict of
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Dairy products, and white brine cheese in particular, are among those for which consumers often prefer farmer production.
Product labeling is a primary tool for collaboration between the manufacturer, the food handler, and the consumer. In the
present study, we observed and presented data on compliance with rules and norms in farm cheese labeling from cow’s milk in
the commercial network, referring to national and European legislative requirements, through documentation and observation
methods. We monitored the labeling of 22 commercial brands of farm products, all of which were white brine cow’s milk
cheeses. The categories in the survey included the following: 1. Mandatory labeling information, 2. Additional mandatory data
for specific types of food, 3. Optional (voluntary) food labeling information. Data analysis gives us a reason to conclude that
all farm cheeses included in the study contain the mandatory information from the regulatory documents. A large part of them
also contains additional (voluntary) information, which primarily aims to give greater clarity to the consumer about the organic
origin of the product, further information about the farm producer, and compliance with national standards for the production

of white brine cheese.

Keywords: farm cheese, white brine cheese, labeling, legislative requirements

INTRODUCTION

In recent years, Bulgarian farmers’ markets have
significantly expanded both their activities and the
assortment they offer. Increasing number of
consumers prefer to purchase directly from
producers and selected traders instead of purchasing
from large grocery chains. Farmers® markets and
stores are associated with a number of benefits that
make them an attractive choice for consumers. They
offer fresh and natural products that are cultivated or
produced by local farmers. This means that the
products are seasonal, fresh and of good quality, they
do not contain harmful additives and pesticides.
Farmers™ markets shopping supports local economic
development, sustainable agriculture [1] and
environmental protection [13].

Dairy products, and white brine cheese in
particular, are among the products for which
consumers often prefer the farmer production. Farm
cheeses guarantee an organic composition and do not
contain pesticides, hormones or traces of antibiotics
[15]. Moreover, farm cheese can contain high
amount of protein, calcium and vitamins.

* To whom all correspondence should be sent:
E-mail: sylviastamova@yahoo.com

“Bulgarian white brine cheese” has been recognized
as a Protected Designation of Origin by the
European Commission [2]. The term white brine
cheese is used to define a semi-hard or soft cheese,
matured and stored in a brine made from milk in
addition with a starter culture (bacteria Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus
thermophiles, as well as a leaven of bacteria
Lactoccocus lactis subsp. lactis and Lactobacillus
casei). It is curdled with a milk-coagulating enzyme,
receiving the necessary technological processing,
with a dry matter content in the final product of not
less than 40 percent and a fat content in the dry
matter of not less than 40 percent [16].

Labeling is the primary tool for collaboration
between the producer, the food handler and the
consumer. Consequently, it is an integral and
important part of the marketing effort and also helps
proper handling of the product. Most labeling
regulations aim to provide objective and informative
data to the consumer, assuming that the individual
consumer is rational and capable of making
informed choices [7]. Ensuring consumer access to

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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complete and accurate information about the content
and product composition is in the interest of both
producers and consumers — in order to protect their
health and interests [5, 6].

In Bulgaria, the requirements for providing
information when labeling the white brine cheese are
regulated in the Ordinance on the specific
requirements for dairy products (from 04.11.2021),
the Ordinance on the requirements for the labeling
and food representation (from 13.12.2014), the
Ordinance on the provision of food information to
consumers (from 10.04.2021) and Regulation (EU)
No. 1169/2011 of the European Parliament on the
Provision of Food Information to Consumers and the
Council from 25.10.2011. State control body of all
industrial goods (with the exception of bottled
natural mineral, spring and table waters) is carried
out by the Bulgarian food safety agency (BFSA). In
this regard, it exercises control over packaging,
labeling, production, presentation and advertising of
foods. The control of compliance with all labeling
and consumer information requirements is subject to
strict state control by the Commission of consumer
protection. For effective government control, an
active position on the part of consumers is also
required. In this regard, the aim of the present study
is to track the degree of compliance with all
legislative requirements by farmers in the labeling of
white brine cheese from cow's milk.

MATERIALS AND METHODS

In the present study, we tracked and presented
data on compliance with rules and norms in the
labeling of farm brine white cheese from cow’s milk
in the commercial network, referring to the national
and European legislative requirements, by using
both documentation and observation methods. After
that, we proceeded to analyze the data we obtained.

The study was conducted in Varna city, Bulgaria
during the period May-June 2024. The study aimed
to collect data on the labeling of farmer products
offered by producers by using some of the following
commercial approaches:

e  Online trade — 7 products;

e  Online offer and subsequent delivery of the
product to the buyer's home — 9 products;

e Selling the products in small farmers’
markets — 6 products.

We have monitored the labeling of 22
commercial brands of farmer products, all of which
are white-brined cow's milk cheeses. All dairy
products were packed with a net weight between
400g. and 1000g. From the present information on
the label, we selected the categories of interest to
consumers.
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We tracked the availability of data in three
categories, regarding product labeling, based on the
Ordinance on the specific requirements for dairy
products (from 04.11.2021), the Ordinance on the
requirements for the labeling and food
representation (from 13.12.2014), the Ordinance on
the provision of information to consumers about
food (from 10.04.2021) and Regulation (EU) No.
1169/2011 of the European Parliament and the
Council from 25 October 2011 on the provision of
food information to consumers. The categories
include the following:

e Mandatory labeling information including
the name of the food, list of ingredients; ingredients
causing allergies or intolerance; quantity of certain
ingredients; net weight; expiry date; special storage
conditions and/or conditions of use; the name or
trade name and address of the business entity in the
food industry; country or place of origin; terms of
use; when in the absence of such terms, it would be
difficult to use the food appropriately; nutrition
contents; a batch number. The information provided
has to be written in Bulgarian.

e  Additional mandatory data for specific types
of food: if labeling white brine cheese, it is also
required to include in the label information the
percentage content of dry matter and fat content in
dry matter.

e Optional (voluntary) food labeling
information. We analyzed the food labels and scored
the data according to the selected categories of
information. We have checked the presence or
absence of information from different categories and
the extent to which the specific requirements of
national and European regulatory documents have
been met.

RESULTS AND DISCUSSION

Food labeling is the first information tool that
customers discover when shopping and it is
informative regarding the ingredients, nutrition
content, and presence of allergens in the selected
product. However, food labeling is also a marketing
tool and can influence the perception of food
quality, and consumers™ dietary choices. For this
reason, there is increasing food labeling research,
regulatory labeling control, and evaluation of the
effects on consumers, food product operators, and
the whole market [14]. This is supported by a wide
range of manuscripts published in recent years
whose results reveal that mandatory and voluntary
information on food packaging influence food
purchase and food consumption and in general,
consumer's behavior towards dietary nutrition [4, 8,
11].
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Upon the review of the available scientific
publications, we found a study [6] whose aim
corresponded to that of the present report. The
majority of the published studies investigate the
influence of information included in product labels
on the purchase [3, 9], food consumption [10], the
consumer’'s dietary nutrition [12]. According to
Georgescu C et al., 2014, the data on milk labeling
and milk product labeling need improvements in the
direction of clearer and more complete information,
as well as mentioning all the mandatory information
on the product label.

For obtaining the study purposes, we purchased
22 commercial brands of farm white brine cheese
for a one-month period. All products were
purchased through online trading (16-products):
through a courier delivery company (7 products) or
direct home delivery (9 products) and from small

shops and markets (6 products). The results of
tracking the presence of mandatory and voluntary
data on the label of white brine cheeses are
represented in Table 1.

According to national and European regulatory
documents, categories are defined as:

*-mandatory for the labeling of packaged food
product;

**-mandatory for the labeling of white brine cheese;

***_gptional (voluntary) when labeling food products.

The results of our research show that Bulgarian
producers of farm cheeses have strictly complied
with all state and European requirements for labeling
their products. The labels included in the study
contain the full set of mandatory data presented in an
appropriate way to inform consumers.

Table 1. Tracking the presence of mandatory and voluntary data in the labeling of packaged dairy products for 22

analyzed samples of farm white brine cheese.

* ** *kx
1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 15 16

1 v v v v v v v v — - v v v v v v
2 v v v v v v v v v - v v v v v v
3 v v v v v v — v — - v v v v v -
4 v v v v v v — v v - v v v v v -
5 v v v v v v — v v - v v v v v v
6 v v v v v v — v v - v v v v v -
7 v v v v \Y v — v — — \Y Y Y Y Y -
8 v v v v v Y — Y v - Y v v v v v
9 v v v v v Y — Y — - Y v v v v v
10 | Vv v v v v Y — Y — - Y v v v v -
11 |V Y Y Y \Y \Y — \Y \Y — Y Y Y Y Y -
12 |V v v v Y Y Y Y - Y v v v v

13 | Vv v v v v Y — Y — - Y v v v v -
14 | v Y Y Y \Y \Y — \Y — — \% Y Y Y Y \Y
15 | Vv v v v v Y — Y v - Y v v v v

16 | Vv v v v v Y — Y — - Y v v v v -
17 | Vv Y Y Y \Y \Y — \Y — Y Y Y Y Y -
18 | v v v v v Y — Y — - Y v v v v -
19 | v v v v v Y — Y v - Y v v v v v
20 | v v v v v Y — Y — - Y v v v v v
21 |V v v v Y Y — Y — - Y v v v v v
22 |V v v v Y Y — Y Y - Y v v v v v

Legend: Vv - the product contains the indicated information; — - the product does not contain the indicated information
(vertical columns: 1=food name, 2=ingredients content, 3=ingredients causing allergies or intolerance, 4=amount of
certain ingredients, 5=net weight, 6=expiry date, 7=special storage conditions and/or conditions of use, 8= name or trade
name and address of the business entity in the food industry, 9=country of origin or place of origin, 10=rules for use, if
in the absence of such rules, it would be difficult to use the food appropriately, 11=nutrition content, 12=Bulgarian
language, 13= a batch number, 14=percentage of dry matter, 15=oiliness in dry matter, 16= voluntary additional

information).
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The majority of the products examined by us
(Table 1) lack two of the categories of mandatory
data - special storage conditions and/or conditions of
use and instructions for use. However, the European
Regulation mentions that these categories are
included in the label by the manufacturer, when in
the absence of such instructions it would be difficult
to use the food in an appropriate way.

We should to pay attention to the fact that a large
part of the products lack another mandatory category
of data — country of origin or place of origin. The
National Regulation and the European Regulation
No. 1169/2011 stipulates that indicating the country
of origin or place of origin is mandatory. The lack of
indication may mislead the consumer according to
the real country or place of food origin and when the
country or place of origin is indicated but it is not the
same as that of the main ingredient.

The European Regulation stipulates that all
ingredients or additional substances listed in an
appendix of this document, causing allergies or
intolerance must be present on the product label. In
the case of white brine cheeses, the main ingredient
belongs to the allergen category “milk and milk
products (including lactose)” and in all analyzed
labels the ingredient “milk™ or “cow’s milk” is in
bold or enlarged font size text and most of the labels
contain underlined text.

Regarding the mandatory information when
labeling white brine cheese - percentage of dry
matter and oiliness in dry matter, all farm cheeses
contained these data.

Nearly 50% of farmer white brine cheese labels
observed contained additional information. We
expected such results because farm products are
usually of higher price that guarantees the consumer
an organic composition, quality raw materials, and
following good production practices during the
production process. All this is information that the
consumers seek and ask for confirmation when
purchasing products that they believe are better
guality than others on the market. The main
additional information that farmer white brine
cheeses contained described the duration of ripening
of the diary product; the BNS standard according to
which the characteristics of the product correspond;
size for products with a larger net weight than
usually offered by the manufacturer; precise location
of the farmer production with a geographical map, as
well as the calculated price per kilogram of the
product.

CONCLUSION

The analysis of the data presented for labeling 22
farmer white brine cheeses gives us a reason to
conclude that all the examined products contain the

20

mandatory information required in the regulatory
documents. A large part of them also include
additional (voluntary) information, which primarily
aims to give greater clarity to the consumer about the
organic origin of the product, further details about
the farmer’s production and compliance with the
national standards for the production of white brine
cheese.
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Cancer remains a major global health challenge, with traditional treatments like chemotherapy and radiation often yielding
limited long-term success. Hyperthermia, one of the oldest cancer therapies, is promising due to the disorganized blood supply
in tumors, making them more sensitive to heat compared to healthy tissues. Nanomedicine, particularly nanoparticle-mediated
hyperthermia, is emerging as an innovative treatment strategy. Iron oxide nanoparticles (IONPs) are of interest due to their
ability to convert near-infrared (NIR) laser radiation into localized heat while functioning as contrast agents for imaging. In this
study, we investigated the synthesis of IONPs using Ganoderma lingzhi (Reishi) extract IONP@GL) by green synthesis
method. The synthesized IONPs were characterized by their size, morphology, magnetic properties, and photothermal
efficiency. IONP@GL exhibited good heat generation under 808 nm laser irradiation. These findings highlight the

potential of green-synthesized IONPs for application in photothermal cancer therapy.

Keywords: green synthesis, photothermal therapy, hyperthermia, iron oxide nanoparticles, nanomedicine

INTRODUCTION

Cancer continues to be a significant global health
challenge, with traditional therapies such as
chemotherapy and radiation often resulting in
limited long-term success [1]. As the incidence of
cancer continues to rise, there is an increasing
demand for more effective and innovative treatment
strategies. Hyperthermia is one of the oldest cancer
therapies. Due to their disorganized blood supply,
tumors have a reduced ability to dissipate heat,
making them more vulnerable to thermal stress
compared to well-vascularized healthy tissue [2].
Additionally, hyperthermia has been shown to
improve the efficacy of other therapies, including
radiation and chemotherapy [3], which has renewed
interest in its role in modern cancer treatment.

Nanotechnology presents a promising approach
to achieving localized hyperthermia. Appropriately
designed nanoparticles (NPs) can overcome
biological barriers [4] and selectively accumulate in
pathological sites. Accumulated in tumor tissue, the
NPs could convert various external physical stimuli,
such as magnetic fields or laser radiation, into
localized heat [5]. For example, Nanotherm® iron
oxide NPs have been approved for magnetic
hyperthermia in the treatment of glioblastoma and
prostate cancer [6], while AuroShell are
experimental NPs used for laser-mediated (photo-

* To whom all correspondence should be sent:
E-mail: Tsenka. Grancharova@mu-plovdiv.bg
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thermal) ablation of solid tumors [7]. Additionally,
Thermodox®, a thermally-activated drug carrier in
human clinical trials, releases its payload at

hyperthermic sites, allowing localized
chemotherapy [8].
Among the various methods of inducing

hyperthermia, nanoparticle-mediated laser
hyperthermia has gained popularity due to its
minimal invasiveness, spatiotemporal selectivity,
and the availability of cost-effective laser
equipment. Laser radiation can penetrate to depths
of up to 1 cm under the skin, making photothermal
therapy particularly suitable for treating superficial
tumors or those located in body cavities. Near-
infrared (NIR) lasers, which offer maximum tissue
penetration, are typically used in these treatments. At
wavelengths in the NIR range, the safety limit
(maximum permissible exposure) is 0.33 W/cm? for
808 nm lasers and 1.0 W/cm? for 1064 nm lasers [9].
Iron oxide NPs (IONPs) are particularly attractive
for laser hyperthermia because in addition to being
good at converting NIR radiation into heat, they also
function as contrast agents and can mediate multiple
therapies [10]. Superparamagnetic IONPs which
exhibit magnetic properties only in the presence of
an external magnetic field, find applications as
magnetic targeting agents in drug delivery [11] and
as contrast agents in magnetic resonance imaging

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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(MRI) [12].

Among the various methods for synthesis of
IONPs, green synthesis offers an environmentally
friendly and non-toxic approach [13]. This method
uses plant extracts as reducing agents, making it a
cost-effective alternative of other methods. An
additional advantage of green synthesis is that
biologically active molecules from the plant extracts
can be adsorbed onto the surface of the
nanoparticles,  potentially = enhancing  their
therapeutic properties.

The aim of the present study was to synthesize
coated IONPs using Ganoderma lingzhi (Reishi)
extract ([ONP@GL), and demonstrate their potential
in photothermal therapy. The green-synthesized NPs
were compared with uncoated IONPs and
characterized in terms of size, shape, magnetic
properties, zeta potential, and photothermal
efficiency. The results show that green synthesis can
successfully produce superparamagnetic [ONPs
with efficient infrared-to-heat conversion properties,
highlighting their potential for use in photothermal
cancer therapy.

MATERIALS AND METHODS
Materials

Iron(Ill) chloride hexahydrate, iron(Il) chloride
tetrahydrate and NaOH were purchased from Merck
KgaA (Darmstadt, Germany). Ganoderma lingzhi
mushroom was purchased from a local pharmacy.

Preparation of Ganoderma lingzhi aqueous extract

For preparation of the aqueous extract of
Ganoderma lingzhi, 1 g of mushroom powder was
added to 100 mL of distilled water. The mixture was
heated at 80°C for 60 min under continuous
magnetic  stirring. After cooling to room
temperature, the extract was filtered using a vacuum
filtration system (0.45 um cellulose acetate filter) to
remove any particulate matter. The final extract was
used immediately for nanoparticles synthesis.

Synthesis of IONP@GL using Ganoderma lingzhi

extract

IONPs were synthesized using an aqueous
solution of FeCl; and FeCl, in a molar ratio of 2:1.
The iron salts were dissolved in 200 mL of distilled
water under constant stirring at 80°C for 30 min.
Then 50 mL of the Ganoderma lingzhi extract was
added to the solution. The pH of the reaction was
raised to above 6 by dropwise addition of 0.1 M
NaOH, and the mixture was stirred for another 30
min at 80°C. The resulting nanoparticles were
separated using a magnet and washed three times
with distilled water. The synthesis of the NPs was

carried out under nitrogen atmosphere to prevent
oxidation, and ultrasound was applied to reduce the
formation of NP clusters.

Synthesis of uncoated IONPs

FeCl; and FeCl, in a molar ratio of 2:1 were
dissolved in 200 mL of distilled water and stirred at
80°C for 30 min. After that, 0.1 M NaOH (25 mL)
was added, and the mixture was stirred again for 30
min at 80°C under nitrogen atmosphere, and
application  of  ultrasound. The  resulting
nanoparticles were washed three times with distilled
water.

Characterization of IONPs

Transmission electron microscopy, TEM, (Talos
F200X, Thermo Fisher Scientific, Waltham, MA,
USA) was used to determine the morphology and
size of the NPs. Elemental composition was
determined  using  energy-dispersive  X-ray
spectroscopy, EDX, (Prisma E SEM, Thermo
Scientific, Waltham, MA, USA). Magnetic
characteristics and phase composition of the IONPs
were determined by Mdssbauer spectroscopy
(WissEl-Wissenschaftliche  Elektronik ~ GmbH,
Germany). Dynamic light scattering, DLS,
(Microtrac, York, PA, USA) was used for particle
size, size distribution and zeta potential
measurements.

Photothermal performance evaluation

The photothermal performance of the
synthesized IONPs was demonstrated by irradiating
the samples with an 808 nm laser at a power density
of 0.330 W/cm? for 15 min. NPs suspensions were
prepared at concentrations of 0.025 mg/mL, and 0.05
mg/mL in distilled water. The temperature of the
suspensions was monitored by infrared camera FLIR
(FLIR Systems Inc., Boston, MA, USA).

RESULTS AND DISCUSSION

TEM showed that the synthesized IONP@GL
had a predominantly spherical morphology with an
average particle size of approximately 20 nm (Fig. 1
O). It is well known that IONPs with diameters of 20
nm or less are superparamagnetic [ 14]. The magnetic
properties of the produced IONPs were evident when
a static magnetic field was applied, allowing them to
overcome gravitational forces, thus demonstrating
their superparamagnetic behavior (Fig. 1 A and B).

EDX analysis showed that the uncoated IONPs
exhibited peaks only for Fe and O (Fig. 1D),
indicating their pure inorganic composition. In
contrast, IONP@GL displayed an additional peak
for C (Fig. 1E), confirming the adsorption of organic
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molecules from the plant extract onto the surface of

the NPs.

eV

Fig. 1. Demonstration of superparamagnetic properties of IONPs (A and B); TEM micrographs of IONP@GL (C);

EDX of uncoated IONPs (D) and IONP@GL (E).
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The Mossbauer spectra of the samples (Fig. 2 A
and B) resemble those of nanosized maghemite (y-
Fe,03), with an average diameter larger than 10 nm
[15]. The average magnetic field was determined to
be 26.8 T for uncoated IONPs, and 19.4 T for
IONP@GL.

DLS measurements show a significantly larger
hydrodynamic size of NPs, around 160 nm for
IONP@GL, suggesting the formation of clusters of
NPs in suspension. To reduce aggregation,
ultrasound was applied immediately after the
synthesis for 3 h. This resulted in a reduction of the
hydrodynamic size below 90 nm, and a noticeable
decrease in the extent of cluster formation. The
estimated polydispersity index was 0.216 for
uncoated IONPs and 0.245 for IONP@GL. Zeta
potential analysis showed a change from 41.3 mV
for uncovered IONPs to -27.24 mV for IONP@GL.
The change in polarity suggests adsorption of
biomolecules from the plant extract onto the NPs
surface.

During the irradiation of the samples, an initial
temperature rise was observed at the point of
penetration of the infrared laser light. Over time, this
temperature rise deepened in the sample, indicating
heat diffusion under prolonged laser exposure (Fig.
3A). Interestingly, IONP@GL exhibited a better
photothermal effect at both concentrations. The
IONP@GL samples demonstrated a 2°C increase in
temperature compared to the uncoated IONPs under
the same conditions (Fig. 3 B, C). A plausible
explanation for the enhanced photothermal effect
could be the presence of biomolecules from
Ganoderma lingzhi on NPs, which reduce their
agglomeration, in addition to application of
ultrasound after NPs synthesis. This stabilization
allows a larger number of NPs to remain dispersed,
increasing the surface area available for interaction
with infrared photons and for heat transfer to the
surrounding medium [16]. The temperature increase
in all samples was sufficient for mild hyperthermia.
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Fig. 3. Temperature changes with depth in a 50 pg/ml IONP@GL sample during 808 nm-laser irradiation (A);
Temperature changes in uncoated IONPs at 25 png/mL and 50 pg/mL concentrations during 808 nm-laser irradiation (B);
Temperature changes in IONP@GL samples at 25 pg/mL and 50 ug/mL concentrations during 808 nm-laser irradiation
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CONCLUSION

This study successfully demonstrated the green
synthesis of superparamagnetic iron oxide
nanoparticles (IONP@GL) wusing Ganoderma
lingzhi extract, and their promising photothermal
performance. The IONP@GL samples exhibited a
temperature increase that was by 2°C higher than
that of uncoated IONPs under identical conditions.
Both IONP@GL and wuncoated IONPs at
concentrations of 25 pg/mL and 50 pg/mL achieved
sufficient temperature increase to induce mild
hyperthermia, highlighting their potential for
photothermal cancer therapy.
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Numerous studies demonstrate that plant-based foods provide a large spectrum of bioactive compounds with lots of health
benefits. The wide spectrum of consumed plants improves the nutritional adequacy of the diet. Ethnobotanical studies provide
valuable data about plants used for food for centuries. The aim of this study is 1) to identify wild plants from the family
Apiaceae traditionally used for food in Bulgaria and in Sicily and 2) to reveal their bioactive compounds and health benefits.
As a result of the ethnobotanical review the folowing taxa are listed: Aegopodium podagraria L., Anthriscus cerefolium (L.)
Hoffm., Anthriscus sylvestris (L.) Hoffm., Helosciadium nodiflorum (L.) W. D. J. Koch, Carum carvi L., Chaerophyllum
bulbosum L., Daucus carota L. subsp. carota, Eryngium campestre L., Foeniculum vulgare Mill. subsp. vulgare, Kundmannia
sicula (L.) DC., Smyrnium perfoliatum L., and S perfoliatum subsp. rotundifolium (Mill.) Bonnier & Layens (synonym S.
rotundifolium Mill.). As members of the family Apiaceae some of them are popular spices due to the essential oils
characterized by some interesting components such as germacrene D, D-limonene, limonene, eucalyptol, 1-nonene,
pentadecane, estragole, B-(E)-, B-(Z)-ocimene, terpinolene, sapthulenol, pcymene-8-ol, p-cymene, myrtenol, (E)-anethole, a-
pinene, estragole, p-cymene, etc. Additionally, they contain flavonoids (rutin, cynaroside, apigetrin, luteolin, vanillin,
myricetin, quercetin, luteolin, kaempferol and chrysin apigenin and its glycosides); phenolic acids (caffeic, p-coumaric, ferulic,
hydroxybenzoic, 3.5-O-dicaffeoylquinic acid, protocatehuic, phydroxybenzoic, chlorogenic, p-coumaric, ferulic, rosmarinic
acids), carotenoids (p-carotene, a-carotene, lutein, lycopene), polyacetylenes (falcarinol, falcarindiol, falcarindiol-3-acetate)
and others. The pharmacological activities and the health benefits are discussed. The sustainable use will include protection of
their native habitats and cultivation of some of them.
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INTRODUCTION new candidates for cultivation and domestication
that possess powerful health benefits. Some of the
umbellifers, which are interesting form this point of
view, have restricted distribution either to the
Mediterranean or to Sicily [10].

The aim of this study is 1) to identify wild plants
from family Apiaceae traditionally used for food in
[3, 4], Additionally it is sustainable with interrelated ~ Bulgariaand in Sicily and 2) to reveal their bioactive
components such as biodiversity, traditions and ~ COmpounds and health benefits.
nutrition [5]. Many umbellifers take important place MATERIAL AND METHODS
in the Mediterranean diet [6]. They are domesticated
long ago and cultivated for food due to their valuable
secondary metabolites [7, 8]. Ethnobotanical studies
provide valuable data about plants traditionally used
for food for centuries [9]. They can help identifying

Numerous studies demonstrate that plant-based
foods provide a large spectrum of bioactive
compounds with lots of health benefits [1, 2]. The
wide spectrum of consumed plants improves the
nutritional adequacy of the diet. The traditional
Mediterranean diet is known for its health benefits

We accessed Google Scholar, Web of Science,
and PubMed to identify publications using the search

string: “Sicily”, “Bulgaria”, “traditionally” “wild”,
“food”, “plants”, “ethnobotany”, “compounds”,

<

“metabolites”, “pharmacological”, “health”, etc.
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Table 1. Wild umbellifers traditionally used for food in Bulgaria and Sicily.

Plant Used part Country
Aegopodium podagraria L. Sprouts, salad raw, soup, Bulgaria
Anthriscus cerefolium (L.) Hoffm. Leaves, shoots, salad raw, soup, spice Bulgaria
Anthriscus sylvestris (L.) Hoffm. Roots, leaves, shoots, salad raw, soup, pastry | Bulgaria
Helosciadium nodiflorum (L.) W. D. J. Koch | Tender leaves and stems Sicily
(synonym Apium nodiflorum (L.) Lag. subsp.
Nodiflorum).
Carum carvi L. Fruits, spice Bulgaria
Chaerophyllum bulbosum L. Young shoots, corms, salad raw and stew Bulgaria
Daucus carota L. subsp. carota Tender basal leaves and roots Sicily
Eryngium campestre L. Sprouts Sicily
Foeniculum vulgare Mill. subsp. vulgare Leaves, mericarps, spice Bulgaria
and Sicily
Kundmannia sicula (L.) DC. Basal leaves Sicily
Smyrnium perfoliatum L. Tender leaves and stems Bulgaria
and Sicily
Smyrnium perfoliatum subsp. rotundifolium | Tender leaves and stems Sicily
(Mill.) Bonnier & Layens
(synonym S. rotundifolium Mill.)

RESULTS AND DISCUSSION
Ethnobotanical data

As a result of the ethnobotanical review 12 taxa
are listed of which 5 taxa are used for food only in
Bulgaria [9, 11-15], 5 taxa only in Sicily [16-19] and
2 taxa in both regions (Table 1).

Bioactive compounds and pharmacological
effects

The wild umbellifers consumed for food are
source of various bioactive compounds. The
essential oils are characterized by some interesting
components such as germacrene D, D-limonene,
limonene, eucalyptol, 1-nonene, pentadecane,
estragole, f-(E)-, p-(Z)-ocimene, terpinolene,
sapthulenol, p-cymene-8-ol, p-cymene, myrtenol,
(E)-anethole, a-pinene, estragole, p-cymene, etc.
The contents of unique or highly abundant
components are pointed as markers to distinguish
certain species, e.g., selinene is typical of Apium
graveolens while Helosciadium nodiflorum (A.
nodiflorum) is rich of limonene [7]. Coumarins and
furanocoumarins are found in many of the species
listed above. Moreover, the wild members of
Apiaceae consumed for food contain flavonoids
such as rutin, cynaroside, apigetrin, luteolin,
vanillin, myricetin, quercetin, luteolin, kaempferol,
chrysin apigenin and their derivates. The phenolic
acids reported in the listed umbellifers are caffeic, p-
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coumaric,  ferulic,  hydroxybenzoic, 3.5-O-
dicaffeoylquinic acid, protocatehuic, p-
hydroxybenzoic, chlorogenic, p-coumaric, ferulic,
rosmarinic acids. The terpenoids obtained from these
plants are carotenoids (f-carotene, a-carotene,
lutein, lycopene), polyacetylenes (falcarinol,
falcarindiol, falcarindiol-3-acetate) and others.

Aegopodium podagraria L. is a perennial plant
(Fig. 1) widespread in shady habitats of the
Temperate Eurasia [20]. The composition of the
essential oil varies depending on the geographical
and ecological factors with main components o-
pinene, B-pinene, myrcene, a-thujone, dehydro-p-
cymene, and -phellandrene, limonene, germacrene
D, spatulenol, (E)-B-caryophyllene, y-terpinene. The
plant also contains phenolic acids such as
hydroxycinnamic acid, and flavonoids such as
guercetin, kaempferol and derivatives of quercetin
(hyperoside, isoquercetin),  derivatives  of
kaempferol (trifoline). Coumarins (angelicin) and
furanocoumarins, as well as carotenoids (p-carotene,
xanthophyll neoxanthin) are identified in this plant
[21]. A. podagraria is known for its calming,
diuretic, anti-inflammatory and antimicrobial
properties, cytotoxic and antioxidant activities [21,
22]. The dry extract obtained from goutweed
(standardized on hydroxycinnamic acids) has a low
toxicity level, normalizes metabolic processes and
protects the liver and the kidneys [23].
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Anthriscus cerefolium (L.) Hoffm. is an annual or
biennial plant (Fig. 1) native to the temperate biome
of Central and Eastern Europe to Northern Iran [20].
The plant contains essential oil rich of D-limonene,
eucalyptol, 1-nonene, pentadecane, estragole, and
germacrene D, flavonoids such as rutin, cynaroside,
apigetrin, luteolin, apigenin and its glycosides, as
well as phenolic acid (caffeic, p-coumaric, ferulic,
hydroxybenzoic, 3.5-O-dicaffeoylquinic acid); [24,
25]. A. cerefolium has antimicrobial, antioxidant,
and anticancer activities [24]. The extract of A.
cerefolium aerial parts decrease proliferation rate of
glioblastoma cells while being non-toxic to the
control cell line [9]. Neither acute nor subacute
toxicity is reported.

Anthriscus sylvestris (L.) Hoffm. is a biennial or
perennial (Fig. 1) which grows in Temperate Eurasia
to Tropical African Mountains [20]. It is related and
alike to A. cerefolium. The umbels of A. sylvestris
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Figure 1. First row Aegopodium podagraria (left), Anthriscus cerefolium (middle left) A. sylvestris (middle right) and
Carum carvi (right); Second row Helosciadium nodiflorum (left), Foeniculum vulgare subsp. vulgare (middle) and
Daucus carota (right); Third row Chaerophyllum bulbosum (left), Eryngium campestre (middle left), Kundmannia sicula
(middle right) and Smyrnium perfoliatum (right)

have mostly 6-15 primary branches, ultimate
segments of leaf blades mostly 15-50 mm long, and
bracteoles of umbellets narrow-ovate while A.
cerefolium has umbels with 2-6 primary branches,
ultimate segments of leaf blades mostly 5-10 mm
long, and bracteoles of umbellets linear) (Fig. 1). A.
sylvestris is the most common species of the genus
Anthriscus [26]. One of the main compounds of A.
sylvestris is deoxypodophyllotoxin. It has wide-
ranging effects, including antitumor,
antiproliferative, antiplatelet aggregation, antiviral,
anti-inflammatory, and insecticidal properties.
Additionally, it serves as a pivotal precursor to
epipodophyllotoxin, crucial in the semisynthesis of
cytostatic agents like etoposide and teniposide. The
cytotoxic effect of Anthriscus extracts is due to
podophyllotoxin-related lignans, which are currently
of interest due to the high availability of these
ruderal species [26].
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Helosciadium nodiflorum (L.) W. D. J. Koch
(synonim Apium nodiflorum (L.) Lag.) is a perennial
plant (Fig. 1) which grows in the Mediterranean
[20]. The typical subspecies is consumed in Sicily
[16-19]. The essential oil of H. nodiflorum is rich of
germacrene D,  limonene,  B-(Z)-ocimene,
terpinolene and  phenylpropanoids  (dillapiol,
myristicin) identified in this plant [27, 28]. The plant
contains  phenolic acids such as 3/4-
diccaffeoylquinic and chlorogenic acids as well as
flavonoids such as quercetin-3-O-glucoside which
are also reported [28]. The plant is not reported toxic,
on the contrary, it has antitoxic effect and reduces
aflatoxins production by Aspergillus parasiticus
[29].

Carum carvi L. is a perennial plant (Fig. 1) which
grows in meadows. It is native to Temperate Eurasia
[20]. The main components of the “seed” essential
oil (yields 0.6% - 5.4%) are carvone limonene (with
negative correlation between these two), B-myrcene,
E-dihydrocarvone, and E-carveole, a-pinene,
sabinene, n-octanal, E-B-ocimene, y-terpinene,
linalool, Z- and E-limonene oxide, Z-
dihydrocarvone, Z-carveol, perillaldehyde, E-
anethole, and E-p-caryophyllene [30, 31]. The plant
substance (mericarps or fruits, called often seeds) is
known for its carminative effect and is cultivated as
a spice [32] but the essential oil has also
antibacterial, antifungal and anticancer activity [31]
and lower level of blood glucose [33]. The plant
substance contains flavonoids [31, 33]. It is not
reported toxic.

Chaerophyllum bulbosum L. is a biennial plant
(Fig. 1) native to Europe, Northern Turkiye and
Central Asia [20]. Phenolic acids (protocatehuic, p-
hydroxybenzoic, chlorogenic, p-coumaric, ferulic,
rosmarinic acids); flavonoids (vanillin, myricetin,
guercetin, luteolin, kaempferol and chrysin);
essential oils (with main components B-(E)-, B-(Z)-
ocimene, terpinolene, sapthulenol, p-cymene-8-ol,
p-cymene, myrtenol) and sugars are reported for this
species, as well as antioxidant, antidiabetic
anticholinesterase, anti-urease,  anti-tyrosinase,
activities [34]. Toxicity is not reported but possibly
not studied enough.

Daucus carota L. subsp. carota is a biennial plant
(Fig. 1). The wild carrot is a polymorphic taxon
widespread in the temperate zone but native to
Macaronesia, Europe and Western Asia. D. carota
has 13 subspecies, with one being cultivated (D.
carota L. ssp. subsp. sativus (Hoffm.) Arcang.) [35].
Even though the cultivated carrot is famous for its
high content of carotenoids (p-carotene, a-carotene,
lutein, lycopene), the wild one is also a source of
such compounds, but in much less quantity [35-37],
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polyacetylenes (falcarinol, falcarindiol, falcarindiol-
3-acetate), phenolic acids (chlorogenic acid, p-
hydroxybenzoic acid, caffeic acid) [38]. The
essential oil is rich of B-caryophyllene, geranyl
acetate, bicyclogermacrene, [-bisabolene, E-a-
bisabolene, d-cadinene, isoelemicin, carotol, daucol,
a-asarone [39]. The wild carrot subspecies possess
antioxidant, anticancer, antipyretic, analgesic,
antibacterial, antifungal, hypolipidemic, and hepato-
and gastroprotective properties [35]. The plant is not
reported toxic in the published research papers.

Eryngium campestre L. is a wide spread
perennial plant (Fig. 1) native to Europe to Caucasus
and Northwestern Africa [20]. It is a perennial plant
and grows primarily in the temperate biome. The
plant is rich of flavonoids (quercetin-3-O-rutinoside
(rutin), kaempferol 3,7-di-O-a-L-
rhamnopyranoside, kaempferol 7-O-0-L-
rhamnopyranoside, isoquercitrin, luteolin 7-O-B-D-
glucopyranoside, quercitrin, astragalin, naringenine
7-O-a-L-rhamnopyranosyl-(1—2)-O-8-D-
glucopyranoside, tiliroside, 3'-O-methyl quercetin 3-
rutinoside, 4'-methoxy-3-(B-D-glucopyranosyl)
kaempferol) and phenolic acids (chlorogenic acid,
caffeic acid, rutoside, p-coumaric acid, ferulic acid,
R-(+)-3'-O-B-D-glucopyranosyl rosmarinic acid,
rosmarinic acid) [40]. It is used for various urinary
tract conditions including kidney and bladder stones,
kidney pain and swelling, and difficult urination. E.
campestre has antioxidant and anti-inflammatory
activity and protective effect against mycotoxins
[41]. Eryngium spp. are considered a prospective
ally for treating metabolic syndrome and diabetes
[42]. Toxicity is not reported.

Foeniculum vulgare Mill. subsp. vulgare is a
perennial plant (Fig. 1) native from Mediterranean to
Ethiopia and Western Nepal [20]. It contains fatty
acids, phenolic acids (rosmarinic, neochlorogenic,
chlorogenic, caffeoylquinic, feruloylquinic);
flavonoids  (rutin, kaempferol, isorhamnetin,
quercetin, apigenin); essential oil (with main
components  E-anethole, a-pinene, limonene,
estragole, p-cymene). The fennel (in particular its
essential oil) is known for its anti-inflammatory,
anticancer, antioxidant, cardioprotective,
antidiabetic, antithrombotic, antidiabetic activities
[43-45] but most of all expectorant (due to the
anethole) and carminative effects [46, 47]. It is also
used as a galactagogue agent for lactating mothers
[44]. In vitro study shows that F. vulgare juice is
toxic to mice (hepatocytic degeneration and
necrosis, congestion with perivascular mononuclear
cell infiltrations and peribiliary mononuclear cell
aggregations) when administered in a dose of 9.772
mg/kg/BW but harmless in doses less than 0.98
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ml/kg BW. Also, estragole (methylchavicol) is
associated with malignant tumors in vitro [45].

Kundmannia sicula (L.) DC. is a perennial plant
(Fig. 1) which grows primarily in the subtropical
biome. The native range of this plant is the
Mediterranean coastal area where it occurs in arid
places [10, 20]. It contains hexadecanoic acid and
essential oil rich of isocurcumenol, spathulenol, 10-
epi-y-eudesmol, a-cubebene E-dihydro occidentalol
[48]. Also, the plant is a rich source of germacrene
D [49]. Germacrene D shows antibacterial and
antifungal activities, the mechanism of antimicrobial
action of it may be related to permeabilization of the
cells and disruption of the membrane integrity [50].
K. sicula is reported non-toxic [51].

Smyrnium perfoliatum L. is a biennial plant (Fig.
1) which grows in shady places. It is native to
Eastern and Central Europe, Mediterranean and
Caucasus. The plant contains flavonoids (quercetin
3-B-D glucoside, kaempferol, kaempferol 3-B-D-
glucoside, kaempferol 3,4'-B-D-diglucoside) [52];
The main components of the essential oils are
arornadendrene, neryl isovalerate, y-muurolene, o-
santalene [53]. The toxicity and pharmacological
activities are poorly studied and only broad spectrum
of antimicrobial effects is confirmed [54]. Smyrnium
rotundifolium Mill. is now accepted as a subspecies
of S. perfoliatum [20, 55]. Its native distribution is
narrower, namely Western Central Mediterranean to
Western Tirkiye and Cyprus. The bioactive
compounds and the pharmacological effects of this
plant are poorly studied but it is known for the
content of the flavonoids kaempferol, kaempferol 3-
B-D-galactoside, kaempferol 3-methyl ether 7--D-
glucoside, kaempferol 3-diglycoside [52] and
germacrane derivatives [56]. The essential oil is
dominated by furanosequiterpenes, curzerene, and
isofuranodiene [57].

Pharmacological effects

Wild umbellifers used for food in Bulgaria and
Sicily have anti-inflammatory and antioxidant
activity, neuroprotective effect and other valuable
activities, as shown above. They can be attributed to
particular compounds found in the listed umbellifers.
For example, luteolin has significant anti-
inflammatory, antioxidant, and neuroprotective
activity [58] Kaempferol exhibits anti-oxidative
stress, anti-inflammatory properties and alleviates
neurodegenerative disorders [59, 60]. Ferulic acid is
a powerful antioxidant and anti-inflammatory agent
that is non-steroidal in nature [61, 62]. It also has
anti-thrombosis, and anti-cancer activities and
protects against coronary disease, lowers cholesterol
and increases sperm viability [63]. P-coumaric acid

also demonstrates anti-inflammatory activity [64-
67]. Falcarinol, and falcarinol-type polyacetylenes
are potent proliferation inhibitors of human
glioblastoma cancer cell line DBTRG-05MG [68].

Toxicity

Family Apiaceae is popular with spices such as
dill, celery and parsley. However, it is also known
for some poisonous members such as Aethusa
cynapium L., Cicuta virosa L., and Conium
maculatum L. [69]. Therefore, caution is needed
when used for food. As mentioned above, some
species from the family such as Anthriscus
cerefolium, Foeniculum vulgare subsp. vulgare,
Daucus carota, etc.,, contain furanocoumarins.
These can cause a phototoxic reaction when they
come in contact with skin which is exposed to UV-
A light [70]. However, this is not a toxicity related
to the use for food. Additionally, fennel seed oil rich
of estragole (considered cancerogenic) in vitro is
proven to not cause any primary or fixed DNA
damage or any sign of toxicity in human hepatoma
cells [71]. Some of these plants deserve further
research regarding the subacute toxicity, for example
Chaerophyllum bulbosum, Smyrnium perfoliatum
and Eryngium campestre.

CONCLUSION

The listed wild umbellifers are prospective
candidates for more extended consumption with
health benefits. They are sources of valuable
bioactive compounds. Their consumption is
beneficial for the human health. The sustainable use
will include protection of their native habitats and
cultivation of some of them.
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Nowadays, food supplements are becoming increasingly popular based on the assumption of their safety and ability
to supply the body with the necessary substances for the optimal course of all physiological processes. This has led to a
strong increase in the production and trade of nutritional supplements worldwide, and as a result, scientific knowledge in
the field of food supplements is also growing.

This article examines the publishability of articles in the scientific database Scopus concerning the use of dietary
supplements. Bibliometric analysis has recently become a popular and rigorous technique for exploring and analyzing the
literature. Bibliometrics is a field that uses mathematical and statistical methods to study and quantify the processes of
written communications or apply mathematical techniques to study books and other written communication media. The
bibliometric method was originally used to review the subjects, authors, scientific research institutions, journals, and
research area of literature. Scientific publications on food supplements from 1990 to 2023 were searched in the Scopus
database. Data was downloaded from Scopus and analyzed with Python packages. From the perspective of time
distribution, the number of relevant studies published on food supplements showed an overall growth trend from 1990 to
2023. The growth rate was relatively fast after 2008, and there was a surge in the number of papers in 2021. This might

be related to the COVID-19 pandemic and searching for alternative treatments.

Keywords: bibliometric analysis, food supplements, COVID-19 pandemic, Python

INTRODUCTION

Food supplements differ from conventional foods
and medicines. They are defined as substances
intended to supplement the regular diet and are
"substances containing concentrated nutrients or
other elements with a nutritional or physiological
effect, alone or in combination" [1]. These
substances are available in diverse drug forms —
capsules, dragees, tablets, powders, solutions, and
others — and are intended to be taken orally.

Food supplements contain vitamins and minerals,
plant-based substances - plant parts or concentrated
extracts, and others (e.g., amino acids or probiotics).
All nutritional supplements are emphasized as not
being a substitute for a varied diet. Their task is to
supplement and enrich the menu, filling the lack of
certain trace elements, vitamins, and minerals. That
is why they are called "supplements." The primary
purpose of nutritional supplements is to correct
dietary deficiencies, maintain adequate intake of
certain substances, or support specific physiological
processes. They are not medicines and, as such,
cannot exert a pharmacological, immunological, or
metabolic effect. Therefore, their use is unrelated to
treating or preventing diseases [2].

* To whom all correspondence should be sent:
E-mail: momchil. lambev@mu-varna.bg
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The burgeoning nutritional supplements market
is underpinned by the diverse dietary habits and
lifestyles of modern individuals living hectic live.
These dietary patterns are shaped by anthropogenic
factors, including cultural, economic, and religious,
resulting in a wide array of food habits worldwide.
Food habits that exclude the intake of a specific
group of nutrients or products should be considered
with particular attention. Furthermore, the growing
consumer demand for products designed to alleviate
or prevent symptoms of chronic diseases has been a
significant driver behind the recent expansion of the
nutritional supplement market.

Therefore, understanding the relationship
between nutritional supplements containing
vitamins and minerals and diet quality is essential in
determining their optimal use. Consumers must be
well informed about dietary supplements' health
risks and potential benefits to make informed
decisions about their use [3].

Specific socio-demographic characteristics and
lifestyles  characterize users of nutritional
supplements containing vitamins and minerals.
Supplements use generally increases with age,
income, and education. In addition, women are more
likely to use nutritional supplements than men.

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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However, health status was not a predictor of
dietary supplement use [4].

Bibliometric analysis has become a crucial tool
for measuring the scientific outputs of various items
such as papers, authors, keywords, journals,
institutions, and countries in any research field. It
helps examine how the relevant field's intellectual,
social, and conceptual structure has evolved based
on the relationships and interactions between these
items. Researchers primarily use this analysis to
recognize, evaluate, and comprehend the literature
within a specific research field [5, 6].

Bibliometric  analysis involves examining
scientific publications in a specific field or academic
journals using numerical analyses and statistics to
gather various outputs. This includes indicators such
as number of articles per year, popular topics,
universities with the most publications, top journals
prolific authors, citation counts, and keywords. This
technique is used to map the intellectual structure of
a research field or discipline and to understand the
field's evolution and the relationships between
authors, topics, and papers [7, 8].

EXPERIMENTAL

Scientific  publications focused on food
supplements from 1990 to 2023 were searched in the
Scopus database. The Scopus database was utilized
to gather relevant journal articles for the
investigation. It was chosen because it covers many
top-notch peer-reviewed publications from reputable
publishers and is widely used in similar systematic
reviews. After collecting the relevant data from
Scopus, we analyzed it using various Python
packages.

To track trends and innovations in the study of
dietary supplements, we conducted a bibliometric
analysis of publications containing "food
supplement" in their title. We expanded the analysis
with a keyword search focusing on the most
common food supplements containing probiotics,
magnesium, and zinc. Additionally, we reviewed
materials on nutritional supplements and their
association with COVID-19.

RESULTS

As the first step in article identification, a
preliminary search was conducted using the string
"food supplement” in the articles' titles to broadly
cover the subject and build a solid string for
subsequent queries.

Following this, we conducted a search using
keywords to find relevant documents on probiotics,
zinc, magnesium, and COVID-19 to achieve the
study's objectives.

Analysis of publication trend about food
supplements

We searched the literature using the Scopus
database and yielded 2633 publications for analysis;
we searched for papers published between 1990 and
2023 containing the words “food supplement” in the
title.

Food supplements consumption has significantly
increased over the last two decades. The dietary
supplements market is growing in sales and, more
importantly, in terms of products available. This
inevitably affects scientific knowledge in the field of
nutritional supplements. The continuous marketing
of new forms and ingredients results in an increase
in scientific knowledge in the field. This is visible on
Fig. 1, which shows that the number of scientific
publications has substantially increased for twenty
years, rising from just 9 in 1990 to 161 in 2010. This
upward trend continued in the subsequent years,
culminating in a peak in 2021 when 186 articles were
published. This exponential growth in scientific
output is a testament to the expanding interests and
capabilities within the research community, and it
underscores the increasing pace of scientific
discovery and dissemination of knowledge about
food supplements.

Count of publications about food supplements

Count of publications
-
5
5

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023
Year

Figure 1. Count of publications including food
supplements in the title

The most cited article about food supplements is
"Standardized Methods for the Determination of
Antioxidant Capacity and Phenolics in Foods and
Dietary Supplements,” published in 2005. As of
2023, this article has amassed an impressive 4230
citations, making it one of the most widely
referenced pieces of research in dietary supplements.
This level of attention speaks to the significance and
impact of the research and its influence on
subsequent studies.

The article was published in the Journal of
Agricultural and Food Chemistry, which is far from
the top of the journals that publish the most articles
on food supplements. In first place with the most
significant number of articles is the EFSA Journal,
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which is an open-access, free-of-charge online
scientific journal that publishes the scientific outputs
of the European Food Safety Authority (EFSA),
which is the keystone of the European Union (EU)
risk assessment regarding food and feed safety.

When analyzing papers by journal, the EFSA
Journal published the most papers, establishing itself
as a prominent source of research. After that, they
formulated the Risk Assessment of Phytochemicals
in Food: Novel Approaches and Nutrients. The
British Journal of Sports Medicine follows closely
behind, contributing significantly to the body of
knowledge in this area. Additionally, the journal
Food Chemistry and Deutsche Apotheker Zeitung
made noteworthy contributions, further enriching
the literature on this subject. This demonstrates the
diverse range of sources engaged in the topic of
nutritional supplements. The indicated data are
presented in Fig. 2.
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Figure 2. Analyzing publications about food
supplements by journal

A peak in scientific publications on food
supplements was reported in 2020-2021, when 186
publications were recorded, marking a significant
increase in research and interest in this area. This
surge in attention can be attributed to the global
COVID-19 pandemic, which led to an increased
search for alternative therapeutic approaches and
strategies for disease prevention.

Analysis of publication trend about food
supplements and COVID-19

The public health crisis brought on by the
COVID-19 pandemic prompted a heightened
interest in utilizing dietary supplements as a
potential means of bolstering the immune system,
minimizing the risk of inflammation, and potentially
offering protection against the emerging disease.
Additionally, concerns and hesitations regarding the
availability and efficacy of COVID-19 vaccines in
various regions of the world have further spurred
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interest in exploring dietary supplements as an
alternative or complementary approach to promoting
health and potentially mitigating the impact of the
virus.

Global economic and health-related issues have
arisen since the declaration of the COVID-19
pandemic in March 2020. The pandemic has led to a
surge in demand for dietary supplements, including
vitamins and minerals, as potential additions to the
treatment of COVID-19. These DS are believed to
have the ability to boost the immune system and
reduce disease severity. Despite the development of
several COVID-19 vaccines and the availability of
numerous pharmacological therapies, the demand
for food supplements has significantly increased
worldwide. This increased interest in dietary
supplements showcases a growing interest in
alternative or complementary approaches to
managing and supporting overall health, especially
in the context of the pandemic. As individuals seek
ways to protect themselves and support their well-
being during these challenging times, the market for
dietary supplements has experienced notable
growth. Exploring the potential benefits of dietary
supplements in managing COVID-19 represents a
significant area of interest for researchers and
healthcare professionals alike.

The confluence of these factors has driven a
significant uptick in scientific inquiry and
publications focused on food supplements as
researchers and health professionals seek to
understand the potential role of dietary supplements
in supporting immune function and overall health
during the global health crisis. Consequently, the
intersection of the COVID-19 pandemic and the
heightened demand for strategies to enhance
immune function and mitigate health risks has
catalyzed a notable surge in interest and research
activity related to dietary supplements.

Therefore, we conducted an additional keyword
search to find scientific publications specifically
addressing food supplements and the COVID-19
pandemic. The data obtained are presented in Fig. 3.

Count of publications about food supplements with keyword covid

Count of publications

2020 2021 2022 2023
Year

Figure 3. Publications about food supplements with
the keyword “COVID”
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In 2020, only 2 scientific publications with food
supplements in the title included the keyword
COVID-19 were found. However, in 2021, this
number significantly increased, reaching 10
publications. This sharp rise in scientific interest and
attention toward COVID-19 underscores the impact
and relevance of this global health crisis. The
increased research and publications reflect the
urgency and importance of understanding and
addressing the challenges posed by the COVID-19
pandemic.

When we searched using the keyword “COVID”,
we discovered 25 scientific publications specifically
addressing food supplements in relation to the
pandemic. Among these publications, the most cited
one is titled "Immune-Boosting, Antioxidant, and
Anti-inflammatory Food Supplements Targeting
Pathogenesis of COVID-19," which has garnered
213 citations in scientific databases up to 2023. It is
worth noting that all articles about food supplements
and their impact on the COVID-19 pandemic are
authored in English. Furthermore, most of these
articles are published in Nutrients, an international,
peer-reviewed open-access journal.

In contrast, the journal ranks third in publication
when discussing scientific articles on food
supplements. In this case, the EFSA journal is the
most preferred. These data are presented in Fig. 4.

Count of pubications sbout food supplements wih keyword covd included

& B

Figure 4. Analyzing publications about food
supplements with the keyword “COVID” by journal

Fig. 5 shows a word cloud generated from
keywords with the highest frequency included in
publications about food supplements and COVID-
19, visually representing vital thematic elements in
the dataset. These terms strongly emphasize topics
related to the immune system and SARS. Other
prevalent terms, including “dietary supplements”,
“vitamin”, “antioxidant”, and “minerals”, contribute
to a rich thematic landscape. The prominence of
these terms in the word cloud indicates their
recurrent presence in the dataset, offering
researchers valuable insights into the focal points of
research contributions and potential areas of
emphasis within the analyzed period. By identifying

the most frequently occurring terms in the dataset,
researchers can gain a deeper understanding of the
prevalent topics and subjects that have been the
research focus during the analyzed period. This
analysis provides a foundation for further
exploration and investigation into specific topics that
garnered significant attention within the research
community. Furthermore, it allows for identifying
emerging trends and areas of interest, which can
inform future research directions and contribute to
advancing knowledge within the field.

Immune’s#"

COVID 19

LoV 2.

Figure 5. Word cloud about publications for food
supplements with “COVID” included as a keyword

Analysis of publication trend about food
supplements and probiotics

In addition to reviewing the scientific
publications on dietary supplements related to
COVID-19, we also reviewed materials concerning
the fast-growing probiotics segment.

Probiotics are food supplements containing live
microorganisms intended to maintain or improve the
"good" bacteria (normal microflora) in the human
body.

Modern science is continually discovering more
possibilities for using these products as an adjunct to
the primary therapy for various diseases, ranging
from gastrointestinal tract (GIT) disorders to stress
and migraine. The increasing popularity of these
products is also evident in scientific databases [9].

The effects of probiotic supplementation on
metabolic  issues such as  hyperglycemia,
hypertension, and hyperlipidemia have been
extensively studied [10].

Numerous studies are being conducted on
probiotics' behavior in the body and their potential
effect on health. Although many possible positive
effects from the use of probiotics exist, there is still
no consensus on how probiotics can support the
therapy of various diseases. This inevitably results in
an increasing number of scientific articles on
probiotics. The results show that 112 articles were
published on probiotics between 1990 and 2023,
representing a significant increase. Fig. 6 displays
data related to scientific publications with
“probiotics” as a keyword.
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Count of publications about food supplements with keyword probiotic

Count of publications
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Figure 6. Data related to scientific publications with
“probiotics” as a keyword.

Probiotics became popular in scientific
publications after 2000 when the number of articles
published in the world's databases increased. This is
probably due to increasing scientific knowledge and
successful marketing strategies to push probiotics
into the pharmaceutical market. The significant
majority of these articles are published in Nutrients,
followed by Frontier in Microbiology and
Pharmazeutische Zeitung (Fig. 7).

Count of publications about food supplements with keyword probietic included

;|
I
I
oo T
I
I
I
I
I
——

Figure 7. Analyzing publications about food
supplements with keyword “probiotics” by journal

The most cited article about probiotics is “The
role of functional foods, nutraceuticals, and food
supplements in intestinal health”.

Word cloud, visually representing vital thematic
elements in the dataset, is presented in Fig. 8.

Dietary

microbiota:
_gupplementS'

eme

wwProblotic:

Figure 8. Word cloud about publications for food
supplements with “probiotics” included as a keyword
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These terms suggest a strong emphasis on topics
related to gut microbiota and metabolic health in the
human body. Other prevalent terms, including “food
supplements”, “inflammation”, “health”, “dietary”,
and “probiotics”, contribute to a rich thematic

landscape.

Analysis of publication trend about food
supplements and microelements zinc and
magnesium

According to our thorough analysis, we included
the keywords zinc and magnesium in the current
research. These essential components are widely
present in numerous nutritional supplements and are
gaining popularity among consumers. Zinc and
magnesium are utilized to rectify deficiencies and
uphold and enhance the body's overall tone and
condition, playing a crucial role in supporting
various bodily functions. Their utilization extends
beyond addressing deficiencies, as they are also
instrumental in promoting overall health and well-
being. Therefore, we add the keywords zinc and
magnesium to the search.

The role of zinc-containing dietary supplements
has been known for a long time, but in recent
decades, considerable data have emerged regarding
its importance in immune modulation. The obtained
results are presented in Fig. 9.

Count of publications about food supplements with keyword zinc

Count of publications
-
By ® 5

»

2

oA
1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023
Year

Figure 9. Number of publications including food
supplements in the title and “zinc” as a keyword

Magnesium is the fourth most abundant cation in
the body. It has several functions in the human body,
including its role as a cofactor for more than 300
enzymatic reactions. Many studies have reported
that reduced magnesium levels are associated with
many chronic diseases. Magnesium can play
important therapeutic and preventive roles in several
conditions, such as diabetes, osteoporosis, bronchial
asthma, preeclampsia, migraine, and cardiovascular
diseases [11].
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Count of publications about food supplements with keyword magnesium

Count of publications
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Figure 10. Number of publications including food
supplements in the title and “magnesium” as a keyword

Based on the previous data, it is clear that the
number of scientific publications about nutritional
supplements, particularly zinc and magnesium, has
increased in recent years. Notably, the pandemic has
impacted this field of study. While food supplements
are not included in the guidelines for treating the
disease, a growing number of scientific publications
have suggested the potential benefits of zinc, vitamin
D, vitamin C, and magnesium [12].

The rise in research on nutritional supplements
can be attributed to the growing interest in exploring
alternative and complementary approaches to health.
As people become more health-conscious, there is a
greater focus on the potential role of nutritional
supplements in supporting overall well-being,
immune function, and disease prevention.

The EFSA journal published the most articles on
food supplements with the additional keywords zinc
and magnesium, followed by Nutrients. When
searching with the keyword zinc, both journals
displayed an equal number of published scientific
articles for the specified period, which is 12.

Count of publications about food supplements with keyword zinc included

‘Count of publicatians in current joumal

Figure 11. Analyzing publications about food
supplements with keyword “zinc” by journal

The most cited article including zinc and
magnesium as a keyword is “Foods, Fortificants, and
Supplements: Where do Americans get their
nutrients?” it has 392 citations.

Count of publications about food with keyword magnesium included

Figure 12. Analyzing publications about food
supplements with keyword “magnesium” by journal

The following figure presents a word cloud
visually representing vital thematic elements in the
dataset.

Food "supplements’

Figure 13. Word cloud about publications for food
supplements with “zinc” included as a keyword

The relationship of zinc with other minerals, such
as magnesium and calcium, is visible (Fig. 13). Apart
from them, the term "food supplements" most
clearly stands out. The situation is similar to the
word cloud generated from keywords with the
highest frequency when we search with the keyword
magnesium. Apart from its relationship with other
minerals such as potassium, zinc, and calcium, the
appearance of amino acids as a term is also
noticeable (Fig. 14). This points out a complex
network of crucial interrelated components when
examining dietary supplements.

Magnesium'

supplements’

gistry

pota551um

Food supplements

Figure 14. Word cloud about publications for food
supplements with “magnesium” included as a keyword
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CONCLUSIONS

Bibliometric analysis is a method for
quantitatively analyzing academic publications,
including research articles, journals, and other
scholarly publications. It involves evaluating
patterns, citations, and other bibliographic data to
gain insights into the impact and influence of
research within a specific field or discipline.
Bibliometric analysis can provide valuable
information about trends, collaborations, and the
overall landscape of scholarly work, making it an
essential tool for researchers, academic institutions,
and funding agencies. Bibliometric analysis is
increasingly used to review trends and progress in
different fields and research areas.

Regarding time distribution, the number of
relevant studies published on food supplements
showed an overall growth trend from 1990 to 2023.
The growth rate was relatively fast after 2008, and
there was a surge in the number of papers in 2021.
This increase may be related to the COVID-19
pandemic and the search for alternative treatments.

The COVID pandemic has led to significant
changes in the pharmaceutical sector, including the
food supplements segment. The market has
witnessed a surge in demand for products that
support immune and digestive health. Selling
supplements such as probiotics, vitamins, omega-3
fatty acids, and others has grown immensely. These
factors are having a positive impact on the market
and are leading to an increased scientific interest in
the field.

Moreover, the global health crisis brought about
by the pandemic has heightened interest in
identifying ways to boost immune health and
resilience. This has increased emphasis on the
potential benefits of specific nutrients such as
probiotics, zinc, vitamin D, vitamin C, and
magnesium in supporting human health.

It is important to note that while the scientific
community continues to explore the potential
benefits of nutritional supplements, further research
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is needed to fully understand their effectiveness and
safety, particularly in specific health conditions and
individual needs. Therefore, ongoing research and
evidence-based analysis will be essential in
determining the role of food supplements in
promoting health.
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Evaluation of antioxidant activity of tobacco extracts by CUPRAC and H,0, assay
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Tobacco (Nicotiana tobacco L.) is a plant containing biologically active substances (secondary metabolites) like
phenolic acids, flavonoids, coumarins, saponins, carotenoids, etc. These compounds exhibit antioxidant activity. The aim of
the study is to investigate the antioxidant activity of tobacco extracts by using cupric ion reducing antioxidant capacity
(CUPRAC assay) and hydrogen peroxide scavenging assay (H202assay). For the research purpose Bulgarian varieties of
tobacco from Basmi variety group, grown conventionally or by organic production, and from conventionally grown Kabakulak
and Virginia variety groups were used. 60 % methanolic extracts were obtained and the extracts were investigated for
antioxidant activity by CUPRAC assay and H202 assay. The antioxidant activity determined by CUPRAC assay varied
between 327.31+22.89 mM TE/g DM (variety Hanski 277, 11 cl.) and 751.45+ 52.6 mM TE/g DM (variety Nevrokop, Il cl.),
while by H202 assay — between 226.14+14.46 mM TE/g DM (variety Hanski 277, 1l cl.) and 409.01+26.16 mM TE/g DM
(variety Virginia 0842, 11 cl.). The obtained results indicated that the extracts from Basmi variety group grown conventionally
or by organic production and the extracts obtained from tobaccos of the Virginia variety group, conventionally grown, have
higher antioxidant activity compared to the tobacco extracts obtained from the Kabakulak variety group in both investigated
methods. The results of the present study showed that 60 % methanolic tobacco extracts, obtained by Basmi, Virginia and

Kabakilak variety groups, have significant antioxidant activity, determined by CUPRAC method and H202 assay.

Keywords: tobacco, tobacco extracts, antioxidant activity, CUPRAC assay, H202 assay

INTRODUCTION

The use of tobacco leaves for therapeutic
purposes dates back years and increases in practice
[1]. Tobacco as a medicinal plant synthesizes
secondary metabolites (antioxidants) - polyphenols,
coumarins, saponins, carotenoids, etc., which exhibit
biological activity. The presence of biologically
active substances in tobacco is a prerequisite for
obtaining extracts with high biological (antioxidant)
activity [2, 3].

Reactive oxygen species are unstable oxygen
species with unpaired electron. They include radicals
- superoxide radical ions (Oz2), hydroxyl radicals
(HO™), peroxyl radicals (ROO), singlet oxygen
radicals (O2") and non-radical species - hydrogen
peroxide (H202) and singlet oxygen (*O2) which are
continuously generated under the physiological
processes in the body. These unpaired electrons are
called free radicals that can interact with important
biomolecules like DNA, lipids, proteins which can
destabilize molecules and damage the cell
membrane by acquiring free electrons from a stable
lipid membrane [4-6].

On the other hand, antioxidant molecules which
are diverse in their nature, can prevent the oxidizing
effect of free radicals by reducing them [5, 7].

* To whom all correspondence should be sent:
E-mail: margarita_1980@abv.bg

According to the mechanism of action antioxidant
assays may be classified into electron transfer (ET)
based assays and hydrogen atom transfer (HAT) [4,
8, 9]. ET-based assays include FRAP and CUPRAC
assays. Method for oxygen adsorption capacity of
free electrons (ORAC method) and method for
scavenging H202 radicals (H202 assay) belong to
hydrogen atom transfer (HAT) methods. Finally,
ABTS and DPPH methods are considered as
borderline between ET- and HAT based assays) [4,
8, 9].

In each of the listed methods, only the antioxidant
activity is examined in relation to the specific
reaction for the respective method, and not the
overall activity. For this reason no single assay is
sufficient for reliable determination of antioxidant
activity. The use of several different methods based
on different types of reaction or the use of different
radicals is recommended [4, 8-11]. Because of this,
for a more complete characterization of tobacco
extracts, it is necessary to apply different methods
for determining their biological activity.

The aim of the study is to investigate the
antioxidant activity of tobacco extracts by using
cupric ion reducing antioxidant capacity (CUPRAC
assay) and scavenging H20: radicals (H20:2 assay).

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL
Material

Dry leaves of Bulgarian tobacco varieties from
Basmi group (variety Krumovgrad 58, and variety
Nevrokop - grown conventionally or under organic
production), Kabakulak group (variety Han Tervel
39, and Hanski 277, conventionally grown) and
Virginia group (variety Virginia 514 and Virginia
0842, conventionally grown — 11 cl.) were used as a
material. The cultivars are from the collection of the
Tobacco and Tobacco Products Institute, Plovdiv,
Bulgaria.

Chemicals

All chemicals were of analytical grade quality
and were purchased from Honeywell and Sigma
Aldrich (USA).

Instrument

Spectrophotometer “Spectroquant Pharo 3007,
UV/Vis (Merck, USA)

Preparation of plant extract

Dry tobacco powder (0.2 g) was extracted with
60 % methanol (10 ml), for 30 min on a mechanical
shaker. The extracts were filtered by a syringe filter
and were used for further analysis.

In vitro antioxidant activity

e CUPRAC assay. The reducing power of the
cupric ions (Cu?*) of 60 % methanolic tobacco
extracts was determined according to Apak et al.
[12] with slight modifications: 1 ml CuCl; solution
(10 mM dissolved in water), 1 ml neocuproine
alcoholic solution (7.5 mM dissolved in ethanol), 1
ml ammonium acetate buffer solution (1 M, pH=7),
0.1 ml tobacco extract and 1 ml water are
successively added and well mixed. The absorbance
was measured at 450 nm for each sample after 30
min in the dark [13]. Trolox was used as a standard
in the range of 22.5 mM to 375 mM. The results are
expressed as mM TE/g DM.

e H,0O; assay. For scavenging H.O- radicals
(H20; assay) 60 % methanolic tobacco extracts are
analyzed using 0.2 M phosphate buffer (PB, pH =
7.4) and H20; (2 mM dissolved in PB). 0.1 ml plant
extracts, 0.6 ml H>O, and 3.3 ml PB placed in a test
tube. After 10 min in the dark, the absorbance at 230
nm is measured for each sample. Trolox is used as a
standard in the range of 0.09 mM to 3.00 mM. The
results are expressed as mM TE/g DM.
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Determination of total phenolic contents (TPC)
using the Folin-Ciocalteu method (FC)

The determination of the amount of TPC was
based on the FC method with some modification [13,
14]: 0.1 ml 60 % methanolic tobacco extract, 6 ml
water and 0.5 ml 0.2 M FC reagent are placed into a
test tube. After 4 min 3.4 ml 7.5 % Na,COgis added.
All the samples and the blank are stored in the dark
for 2 h and then are measured at 765 nm against a
blank sample. The concentration of the phenolic
compounds in the extracts is calculated using gallic
acid as a standard. The results are expressed as mg
GAE/g DM.

Statistical analysis

All experiments were performed at least three
times. The results were presented as mean + standard
deviation.

RESULTS AND DISCUSSION
Total phenolic content (TPC)

Medicinal plants are a source of a wide variety of
natural products, such as phenolic acids and
flavonoids which possess antioxidant properties [3].
Total phenolic content in tobacco extracts,
determined by Folin-Ciocalteu method, is presented
in Table 1.

Table 1 shows that tobaccos from the Basmi
variety group, organic and conventional production,
are characterized by the highest TFC (average
43.01+5.33 mg GAE/g DM), followed by the
tobaccos from the Virginia variety group — average
34.25+2.64 mg GAE/g DM. Tobaccos from the
Kabakulak variety group have twice lower content
of phenolic acids compared to Basmi and Virginia
tobaccos — about 17.80+0.12 mg GAE/g DM. There
is no significant difference in TPC between organic
and conventional production.

Antioxidant activity

Two in vitro model systems were used to evaluate
scavenging activity in tobacco extracts — CUPRAC
method and H.O, method, which have different
mechanisms.

CUPRAC assay

CUPRAC transfer ET-based method permits
overall quantification of all kinds of antioxidants.
ET-based spectrophotometric assays measure the
capacity of an antioxidant by the reduction of a
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chromogenic oxidant (probe) which changes color
when reduced. The degree of color change (either an
increase or decrease of absorbance at a given
wavelength) is correlated with the concentration of
antioxidants in the sample [10].

Antioxidant activity of tobacco extracts,
evaluated by the CUPRAC method is presented in
Fig. 1. It is obvious that the highest activity is
manifested by the tobacco extracts obtained from
organic production (Krumovgrad 58 and Nevrokop
1146, respectively, 609.14+42.60 mM TE/g and
648.20+44.20 mM TE/g) and tobacco Nevrokop
1146 conventional production — 751.45+52.6 mM
TE/g, followed by the extracts from Virginia
tobaccos, conventional production 695.64+48.65
mM TE/g (Virginia 0842) and 662.16+46.58 mM
TE/g (Virginia 514) and the extract obtained from
Krumovgrad 58, conventional production -
517.06+36.19 mM TE/g. Weaker activity is
displayed by extracts obtained from the tobaccos of

the variety group Kabakulak - Han Tervel
430.55+30.13 mM TE/g and Hanski 277 -
327.31+£22.89 mM TE/qg.

The antioxidant activity determined by the
CUPRAC method of tobacco extracts is higher than
that of dandelion extracts (99.9+7.0 mM TE/g) and
lower than that of thyme extracts (868.6+60.8 mM
TE/g) obtained under the same conditions in our
earlier studies [15].

Due to the aggressive action of H:Oo, it is
extremely important to find substances that have the
ability to bind to H,O; and neutralize its action. The
peroxide radical scavenging method (H20. method)
is related to the ability of antioxidants such as
flavonoids, simple phenolic acids, hydroxycinnamic
acids and other to trap peroxide radicals with a
simple,  inexpensive  universal  colorimetric
procedure [11].

Table 1. Total phenolic content in Bulgarian varieties of tobaccos grown under organic and conventional production,

mg GAE/g DM
Variety group Type of production Variety TPC
Basmi Organic Krumovgtad 58, 11 cl. 36.11+2.11
Nevrokop, Il cl. 46.14+2.36
Conventional Krumovgtad 58, 11 cl. 41.66+2.08
Nevrokop, Il cl. 48.13+£2.42
Kabakulak Conventional Han Tervel 39, Il cl. 17.89+1.45
Hanski 277, 11 cl. 17.72+1.45
Virginia Conventional Virginia 514, Il cl. 36.12+2.11
Virginia 0842, 11 cl. 32.38+2.08
w00 . Anti%ii%ant activity & CUPRAC, mM TE/gm HPSA, mM TE/g
695.64
700 1 w0014 648.20 662.16
600 1 517.06
= 500 1 430.55
= 400 1 00.86 08.56 20.15 321.31
300 -
E 200 A
100
0 -
Krumovgtad | Nevrokop, II Krumovgtad | Nevrokop, II Han Tervel | Hanski 277, | Virginia 514,  Virginia
58, Il cl. cl. 58, Il cl. cl. 39, Il cl. Il cl. 0842, 1l cl.
Organic production ‘ Conventional production ‘ Conventional production ‘ Conventional production ‘
Basmi Kabakulak ‘ Virginia ‘
Variety group ‘

Fig. 1. Antioxidant capacities of tobacco extracts evaluated by CUPRAC method and H,0, assay
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The extracts from Virginia variety tobaccos are
characterized by highest ability to neutralize
peroxide radical group - 409.01+26.15 mM TE/g
DM (Virginia 0842) and 330.4+21.12 mM TE/g DM
(Virginia 514). Tobacco extracts obtained from
Kabakulak varietal group are characterized by
almost twice as low activity — 226.14+14.46 mM
TE/g DM (variety Hanski 277) and 227.43+15.24
mM TE/g DM (Han Tervel 39) compared to the
Virginia tobaccos.

The tobacco extracts, obtained from
conventionally and organically produced Basmi
variety group, occupy an intermediate position.
Antioxidant activity, determined by H,O, assay
varied between 248.03 +15.89 mM TE/g DM
(Krumovgrad 58, organic production) and
320.15+20.47 mM TE/g DM (Nevrokop,
conventional production). No significant difference
in antioxidant activity was observed between the
extracts obtained from conventional and biological
tobacco production - Fig. 1.

The antioxidant activity determined by the H.0,
method of tobacco extracts is higher than antioxidant
activity of dandelion extracts (42.2+2.7 mM TE/Q)
[15].

Correlation between TPC and antioxidant activity

To observe the dependence between TPC and
AOA, the correlation dependence of the two free
radical scavenging activity methods for tobacco
extracts was investigated. Figures 2 and 3 present the
correlation between TFC in tobacco extracts and
antioxidant activity evaluated by CUPRAC assay
and H,0; assay.

800
700 -
600 -
500 -

400 -

300 7 y =9.9371x +237,16
20 1 R? = 0,6392

100

0 : : : : : )
0 10 20 30 40 50 60

Fig. 2. Correlation between TPC and antioxidant
activity, evaluation by CUPRAC assay
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350
M *
300 | /
250 .
.
200 |
150 1 y=2,799x+ 2008
100 R2=0275
50 |
0
0 10 20 30 40 50 60

Fig. 3, Correlation between TPC and antioxidant
activity, evaluation by H20, assay

As it is seen from Figs. 2 and 3, a better
correlation is observed between TPC and CUPRAC
method (R?=0.639) than between TPC and H:0;
method (R?=0.275).

CONCLUSION

Conventionally and organically grown
Bulgarian tobaccos were used. Since it has been
accepted nowadays that both hydrogen atom transfer
(HAT)- and electron transfer (ET)-based assays are
needed to give a reliable estimate of the antioxidant
activity of plant extracts, in this work antioxidant
activity of 60 % tobacco extracts was assayed by
CUPRAC method (ET-based assay) and H:0-
method (HAT-based assay).

The results of the present study showed that:

e Tobacco extracts from Basmi and Virginia
varietal groups, both conventional and organic
production, have a higher antioxidant activity
compared to the extracts from tobaccos from the
Kabakulak varietal group in both investigated
methods.

e The antioxidant activity of tobacco extracts
determined by electron transfer methods (CUPRAC-
method) is higher than the activity determined by
hydrogen atom transfer methods (H»O). Tobacco
extracts have a higher ability to reduce Cu*? to Cu*
compared to their ability to scavenge peroxide
radicals.

e There is a better linear correlation between
TPC and CUPRAC method, compared to the
correlation between TPC and H,O, method.
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Pathologic features in the oral cavity in adolescence with disturbances in the
nutritional status
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The aim of the study is to investigate the carious process and gingival inflammation in adolescents with disturbances in
nutritional status. The study was conducted in 2023-2024 and involved 162 children (86 boys and 76 girls) between 11-17
years old with a median age of 14. The nutritional status of the studied children was analyzed using an
anthropometric indicator BMI-Z Percentile. The adolescents were divided into three groups: normal body weight, risk of
obesity, and overweight. DMFT, SiC index, and PUFA index were used to evaluate the carious process. Gingival
inflammation was evaluated using the Papillary Bleeding Index (PBI). Of all children studied, 68 (42%, 95% CI:34.3-50) were
with normal body weight, 75 (46.3%, 95% CI:38.4-54.3) were at risk of obesity and 19 (11.7%, 95% CI:7.2-17.7) were
overweight. In the three groups, there was no significant difference in DMFT, but median SiC index was increased in the
second group - 9 (8-10.5) and in the third - 10 (8-12) (p>0.05). PUFA index was increased in the third group—

31.6%, in the second — 32% (p<0.05). PBI grew in the second group - 66%, while in the first and third -50%. (p<0.05).
Post hoc analysis showed a statistically significant difference between the first and second groups' PBI. A
moderate positive correlation was observed between PUFA and PBI in the first (p(rho) = 0.47, p<0.001) and the second
group (p(rho) = 0.61, p< 0.001). Nutrition has a significant role in developing and complicating the carious process and

gingival inflammation in adolescence.

Keywords: adolescent, carious process, gingival inflammation, nutritional status

INTRODUCTION

Obesity among adolescents is a worldwide public
health problem. According to the World Obesity
Federation, it is estimated that there will be 206
million obese children/adolescents in 2025 and 254
million in 2030 [1]. Failure to solve it leads to a
predisposition to obesity in adulthood [2]. According
to the American Academy of Pediatrics, Committee
on Nutrition, overweight and obesity are now the
most common medical conditions of childhood [3].

There is a similarity between caries and its
complications, gingival inflammation, and obesity.
All of them are of global importance, multifactorial,
and related to lifestyle, which leads to
interconnection between them. Important for their
development are the way of eating, oral hygiene
habits, active lifestyle, psychosocial behavior, socio-
economic status, and parental support [4-6].

In our fast-paced everyday life, with fast food
consumption, on-the-go eating and not enough time
to prepare home-cooked meals, the results are there.
Fast foods lack essential micro and macro elements
such as vitamins, minerals, fiber, and amino acids,
their nutritional value is extremely low.

* To whom all correspondence should be sent:
E-mail kristiyana.mineva94@gmail.com
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In contrast, they are rich in white flour, refined sugar,
salt, polysaturated fats, trans fats, colorings and
additives [7]. Diet and eating habits affect
adolescents' growth, general and oral health [8, 9].
Adequate  nutrition during childhood and
adolescence is essential for children's growth and
development [10]. Frequent consumption of
carbohydrates in foods and drinks increases the risk
of excess body weight, the development and
progression of the carious process, and gingival
inflammation [11]. In addition, according to the
global disease burden from 2017, the most common
condition is untreated and complicated caries of
permanent teeth [12].

EXPERIMENTAL

The study was conducted in the period 2023-
2024 at the Medical University "Prof. Dr. Paraskev
Stoyanov"- Varna, University Medical and Dental
Center at the Faculty of Dental Medicine and clinical
halls at the Department of Pediatric Dentistry of the
Faculty of Dental Medicine - Varna. A clinical
examination was conducted to record the carious
status by DMFT and SiC index, complication of the
carious process by PUFA index, gingival

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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inflammation by PBI.

In the study, we used one of the general health
indicators, the overweight and obesity, BMI-Z score.
It is used to diagnose the risk of obesity and
overweight in children and adolescents. Children fall
into the column "at risk of obesity" when the BMI Z-
score is between the 85th and 95th percentile,
"overweight" when they are above the 95th
percentile and "severely obese" above the 99th
percentile [13]. This index shows only total adipose
tissue, and additional index systems are used to
estimate its distribution [14].

The most universal index for reporting the
prevalence of dental caries - DMFT - was used. D
shows teeth with a carious lesion, and M shows
Missing teeth in the dentition due to a complication
of a carious process. F-teeth that have been restored
after caries treatment. According to the WHO, the
diagnosis of caries registered by DMFT-index is
based only on visual diagnostics [15]. The DMFT
index is a quick and convenient method, a widely
used method for assessing the risk of caries [16]. In
addition to the DMFT index, we used the Significant
Caries Index (SiC Index). It draws attention to
patients with the highest caries rates in each study
population. It represents the average DMFT index of
one-third of the studied adolescents in the population
with the highest score [17].

However, these two indices, DMFT and SiC
index, do not consider the severity and
complications of the carious process. We therefore
used a PUFA index created by Monse et al. [18],
which was used to estimate the prevalence and
severity of oral conditions associated with untreated
caries. Reflects the presence of visible pulp (P/p),
traumatic ulceration of the oral mucosa due to injury
from residual sharp pieces of a tooth, root fragments
(U/u), fistula in a suppurating fistulous course
associated with a tooth or involvement of the pulp
(F/ 1) or abscess (A/a) when soft tissue swelling with
purulent content is associated with pulp necrosis.
The score of the examined patient is calculated in a
cumulative way (P+U+F+A) and can vary from 0 to
32 for permanent dentition.

The Papillary Bleeding Index (PBI) is used to
measure the level of gingival inflammation. It is
beneficial for evaluating gingival inflammation in
the area of the interdental papillae. The examination
is carried out with the help of an atraumatic
periodontal probe, which is inserted into the base of
the papilla from the medial side and moved
coronally to the tip of the papilla. The same
movement is repeated distal to the tooth. After 20-30
seconds, the intensity of bleeding is assessed when
the quadrant is fully examined. All available papillae

in quadrants are examined. I and III quadrant are
examined orally, and II and IV quadrant -
vestibularly. The index is a sensitive indicator of the
severity of gingival inflammation [19].

The intensity of the bleeding that occurred was
measured by scoring on a scale of 0-4 [20]. The
evaluation criteria are:

0: no bleeding; 1: a single discrete point of
bleeding occurs; 2: bleeding points or a single
bleeding line appear; 3: the interdental area is filled
with blood after probing; 4: profuse bleeding on
probing and blood flow to the marginal sulcus.

The amount of bleeding is calculated using a
formula to find the PBI value. PBI is calculated by
summing the results and dividing their sum by the
number of papillae examined. Mean PBI was
categorized according to the ranges [21]: 0—no
inflammation, 0- 1.3—mild inflammation, 1.4 —
2.7—moderate inflammation, and 2.8 — 4 severe
inflammation.

The collected data were coded, and a statistical
analysis was carried out using Microsoft Excel 2010
and Jamovi Version 2.4. Analysis of the data was
carried out by frequency distributions and
descriptive statistics (chi-square test, Fisher's exact
test, Mann—Whitney U test, Welch's test. For the
strength and direction of the Correlation
Relationship, the Spearman test was used. Level of
significance - p<0.05.

RESULTS

Of all adolescents, 86 were boys and 76 were
girls aged 11-17 with a median age of 14.

Of the 162 children examined, 68 (42%, 95%
CI:34.3-50) were of normal body weight, 75 (46.3%,
95% CI:38.4-54.3) were at risk of obesity and 19
(11.7%, 95% CI:7.2-17.7) were overweight (Fig. 1).

In children with normal body weight, the median
of the DMFT index is 4 (2-6.3), at risk of obesity - 5
(3-8), and with overweight - 3 (2-8) (p>0.05) (Table
1). An increase in the median SiC index was
observed in children at risk of obesity 9 (8-10.5) and
in those with overweight 10 (8-12), while in children
of normal body weight its median was 8§ (6.5-11).

Post  hoc analysis showed a statistically
significant difference between the PBI of normal
weight children and those at risk of obesity.

The most affected by complications of the carious
process, measured by the PUFA index, are
adolescents with overweight — 31.6 % and at risk of
obesity — 32 %.

PBI increased significantly in the at-risk group—
66%, while in normal and overweight adolescents it
was 50% (p<0.05).
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Table 1. Prevalence of DMFT, SiC, PUFA and PBI in the three studied groups

DMFT 1 68 4.5 (3.5) 4 (2-6.3) 0.24
2 75 5.5 (3.6) 5 (3;8)
3 19 5.1 (4.3) 3(2;8)
sIC 1 23 8.5 (2.7) 8 (6.5;11) 0.23
2 24 9.7 (2.5) 9 (8;10.5)
3 6 105 (3) 10 (8;12)
PBI 1 68 0.6 (0.4) 0.5 (0.2;0.8) <0.001
2 75 1.0 (0.9) 0.66 (0.3;1.5)
3 19 0.5 (0.3) 0.5 (0.3;0.7)
PUFA 1 68 0.2 (0.5) 0 (0;0) 0.018
2 75 0.4 (0.9) 0(0;1)
3 19 0.4 (0.8) 0(0;1)

*1-group-adolescents with normal body weight; 2-group-adolescents at risk of obesity; 3-group-overweight
adolescents; DMFT=Decay-missing-filled index; SiC=Significant Caries Index; PUFA=An index of clinical
consequences of untreated dental caries; PBI=Papillary Bleeding Index; Q1-25th percentile; Q3-75th percentile;

**Welch's test

50%
40%
30%
20%
10%

0%

1 2 3

*BMI-Z Percentile=BMI-for-age; 1-group-adolescents with normal body weight; 2-group-adolescents at risk of
obesity; 3-group-overweight adolescents

Fig. 1. Distribution of examined children according to BMI-Z Percentile*
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**PUFA-0- without caries complications; PUFA-1- with one complication of caries; PUFA-2-with two
complications of caries; PUFA-3+- with three or more caries complications

Fig. 2. Distribution of caries complications in the studied adolescent groups**
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No complications of the carious process (PUFA-
0) were observed in 85.3% of children with normal
body weight, in 68% of children at risk of obesity
and in 68.4% of children with overweight (Fig. 2).
26.3% of overweight adolescents had one tooth
complicated by caries (PUFA-1), 16% of children at
risk of obesity and 10.3% of normal-weight
adolescents had PUFA-1. 10.7% of adolescents from
the second studied group, 4.4% from the first group
and 0% from the third group have two teeth
complicated by caries. 5.3% of children at risk of
obesity and overweight and 0% of children with
normal body weight have three or more teeth
complicated by caries (p=0.05).

A moderate positive correlation was also
observed between PUFA and PBI in adolescents with
normal weight (p(rho) = 0.47, p <0.001) and at risk
of obesity (p (rho) =0.61, p<0.001).

DISCUSSION

The prevalence of the carious process is more
significant in children with disturbances in the
nutritional status compared to children with normal
body weight [22]. Willerhausen also reached this
conclusion in 2004. In his study, 36% of children of
normal weight were caries-free, while 28% at risk of
obesity and 30% of overweight children had healthy
teeth [23]. In their studies, Willerhausen and
colleagues considered excess body weight
responsible for the increased level of the carious
process, but emphasized that weight is not the only
etiological factor [24].

According to another study conducted by Marro
et al, the median DMFT and prevalence of dental
caries in overweight adolescents was significantly
higher than in those of normal weight (p < 0.001)
[25].

In a 2021 study of Panagiotou ef al., the increased
level of caries, plaque accumulation, and
inflammation of the gingiva in adolescents with
overweight and obesity is proven [26].

Regarding periodontal status, the study by Marro
et al., showed significantly higher gingivitis scores
(p < 0.001) in overweight adolescents [25]. A
negative effect on the health of the gingival tissue in
adolescents due to being overweight was also
observed according to the study by Franchini ef al.
[27]. The results of our study confirm the theses of
other studies finding a positive relationship between
parameters of periodontal inflammation (bleeding
on probing) and excess body weight [28]. Modeer et
al. found in their studies that children with
disturbances in the nutritional status had increased
gingival inflammation [29, 30].

Poor nutritional status among adolescents can be
a major reason for their inability to maintain oral
health [31].

Therefore, screening for general health, oral
health and assessment of nutritional status should be
included as an essential part of health services. Our
study showed higher values of DMFT, PUFA-2 and
PUFA-3, PBI in children at risk of obesity compared
to overweight children. Parents do not pay enough
attention when their children fall into the "at risk of
obesity" column to undertake corrections in their
child's BMI and dental treatment accordingly.
Studies by Kamran, Shahbong and Dixit found high
PUFA index values among adolescents with
disturbances in the nutritional status [32-34]. A
survey by Chauhan ef al. concluded that as the BMI
index increases, the prevalence of the carious
process and its severity among adolescents increases
[35].

CONCLUSION

Nutrition plays a significant role in the
development and complications of the carious
process and gingival inflammation in adolescence.
Continuous monitoring of this population is
mandatory to improve the general and oral health of
adolescents in the future.
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In this study, the techno-functional and physical properties of various commercially available protein isolates and
hydrolysates were compared to evaluate their potential application as alternative sources of proteins in liquid and solid food
formulations. The foaming ability, foam stability, emulsifying ability, creaming stability and color of faba bean protein (FPI),
pea protein (PPI), rice protein (RPI), hemp protein (HPI), and soy protein isolates (SPI) were measured. FPI and RPI possess a
low coloring potential, because they have the lowest L*, a* and b* of color parameters. Of the investigated commercial protein
isolates with the highest foaming ability, SP1 (200% in 4% protein solutions) was significantly distinguished, followed by PPI
(from 105 to 110% in 4% protein solutions), followed FPI (50%), RPI (35%) and HPI (15%). More than 60-70% of the
formed foam was retained in a period of 60 min in 4% solutions. Emulsifying activity index (EAI) was the highest for SPI
powder (33 m?/g) followed by PPI, FRI, and RPI powders (from 22 to 28 m?/g) and HPI (8 m?/g). Soy (SPI) and pea (PPI)
proteins were found to have the best foam stabilizing and emulsion stabilizing properties, as well as very good creaming and
cream stabilizing ability. This information may help food formulators create a new generation of plant-based food and

beverage products with improved nutritional properties.

Keywords: faba bean protein, pea protein, soy protein, rice protein, hemp protein, functional properties

INTRODUCTION

In the recent years, there has been an increased
interest in the use of plant proteins as technological
and functional ingredients in various food products
[1]. The reasons for this shift are numerous and
include growing consumer awareness of the
environmental impact of food production, ethical
and health concerns related to animal-based foods,
and a general growing interest in eating more plants
[1, 2]. Consumers are more willing to accept a new
food if it resembles an already familiar food product.
For this reason it is difficult to replace nutritional
formulas containing animal proteins  with
satisfactory adequate plant-based alternatives [3].
Therefore, more plant proteins should be
investigated for their functional and nutritional
properties to facilitate the design of these
replacement food products. Traditionally, soy
protein has been the most popular plant protein for
the production of food analogues, such as meat and
milk alternatives, because it is cheap, available in
large quantities and has very similar techno-
functional properties associated with real meat and
dairy products, such as high water holding capacity,
ability to form semi-solid textures and ability to
stabilize emulsions [4]. Additionally, soy proteins
have been used in many other applications, such as
baked goods, snacks and functional beverages, as

* To whom all correspondence should be sent:
E-mail: ivanov_ivan.1979@yahoo.com

well as plant-based cheeses and eggs [4]. Although
soy is an established plant protein that provides a
range of beneficial functions, it has some limitations
[2]. There is a growing demand for protein and oil
rich crops; this may change again in the future. For
these reasons, it is important to establish the
functional characteristics of other protein-rich plant
sources in food matrices.

The functional properties of various proteins
have been investigated as potential plant
alternatives, including proteins from pea, chickpea,
faba bean, and coconut [5]. Researchers have
reported that proteins have potential in multiple food
applications, including plant-based meat, pasta, and
baked goods, due to their beneficial functional
properties in these applications, but extensive
comparisons of functional properties are lacking [5].
Most of the studies have focused on investigating the
functional properties of proteins in laboratory
settings, instead of commercially available protein
ingredients [6]. For formulators, it is more important
to establish the functional properties of commercial
protein ingredients to be successfully applied in
various innovative nutritional formulas [7]. A recent
review highlighted some of the physicochemical and
techno-functional properties of various plant
proteins, including their solubility profile [1, 2].

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Foaming is one of the important techno-
functional properties, which is commonly used in the
food industry to produce items such as cream or ice
cream [8]. During foaming, proteins are adsorbed at
the air/water interface, reducing the surface tension
between the air bubbles, thereby stabilizing the foam
[9]. For these reasons, this study aimed to compare
the physical and functional properties of commercial
vegetable protein powders. The differences in
foaming ability, foam stability emulsifying ability,
creaming stability and color of the commercial
ingredients were evaluated. This information can
help food manufacturers to create a new generation
of plant-based foods and beverages.

EXPERIMENTAL
Materials

The commercial proteins were purchased from
the markets and have the following characteristics as

origin, amino acid composition, nutritional
composition, declared by the manufacturers,
presented in Table 1.

METHODS

Physical properties

e Color Six g of powdered protein were
weighed into a petri dish (60 mm x 15 mm) and the
color coordinates were measured using Colorimeter
10 QC 200712. The instrument was calibrated using
standard black and white tiles before sample

standard black and white tiles before sample
analysis. The L*, a*, and b* values of the samples
were then determined. To determine the chroma (C)
hue (h°), and browning index (BI), equations
according to Granato and Masson were used [10].

e Foaming abilities and foam stability The
foaming properties of the investigated plant-
based proteins were studied by a
stirring/shaking method. The series of
concentrations of protein solutions were
prepared (2%, 4%, and 8% wi/w). All foam tests
were performed in duplicate. Reproducibility of
the results was typically expressed as mean *
10%. The foaming ability (FA, %) was
determined as an aliquot of 15 cm?® sample
solution whipped in a graduated 50 cm? cylinder
by hand for 60 s. The foaming ability was
determined by the volume increase (%)
immediately after shaking and was calculated
according to Cano-Medina et al. [11]. The foam
stability (FS, %) is characterized by the volume
of entrapped air still remaining in the foam after
a certain period of time, t > 0. The foam stability
was defined as the volume of the foam that
remained after 60 min at room temperature
(20°C) and was expressed as a percentage of the
initial foam volume.

Table 1. Commercially available proteins studied, origin, batch number and manufacturer

Sample protein Bach number Producer Abbreviation
Pea protein isolate, 85% of protein 7PPV023 28.02.2025 OstroVit Technology of PPI1
nutrition

Pea protein isolate PISANE™ C9 pea 2022228876 04.06.2024 KUK-Austria GmbH PPI2
protein, 84% of protein

SUPRO 670 IP Isolated soy protein, | RQ-228152, G010066352 KUK-Austria GmbH SPI
92% of protein

VITESSENCE Prista P 360 Faba Bean ABY2001, 25.01.2024 Ingredion UK Ltd. FPI
Protein, 60% of protein

Rice protein hydrolysate, 79% of protein L:3GBLJ3, 08.08.2025 Gym Beam OPI
HEMP protein, 49% of protein L:3GBLJ2, 09.08 2025 Gym Beam HPI

Table 2. The L*, a*, b* color values of plant protein powders measured using an instrumental colorimeter

PPI1 PPI2 SPI FPI RPI HPI
L* 87.2+0.1° 84.3+0.3¢ 89.9+0.2° 93.2+0.2° 91.7+0.1° 62.7+0.2¢
a* 6.3+0.1° 8.2+0.1% 4.3+0.1° 2.9+0.1¢ 4.3+0.1° 4.3+0.1°
b* 21.9+0.2° 23.1+0.2° 18.8+0.5° 19.3+0.3° 17.60.1¢ 29.8+0.2°
C 22.840.2° 24.5+0.2° 19.3+0.5° 19.5+0.3° 18.1+0.1¢ 30.1+0.22
h° 73.9+0.2° 70.5+0.3¢ 77.2+0.5° 81.4+0.1° 76.3+0.2° 81.8+0.2°
E 90.1+0.2° 87.8+0.3¢ 91.9+0.1° 95.17+0.22 93.5+0.1° 69.6+0.1¢
Bl 5.2+0.1° 7.0+0.12 3.5+0.1° 2.3+0.1¢ 3.4+0.1° 5.1+0.1°

a.b.c.d Means in each row followed by different letters are the Duncan groupings from highest to the lowest showing

significant difference (p<0.05)
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The test was performed as described by Ivanov et
al. [12]. The foam stability was given by the
parameter percentage volumetric foam stability.

e Emulsifying  properties  Emulsifying
properties of the sample powders were studied
using method as described by Naik et al. [13].
Refined sunflower oil (10 cm®) and 4 % protein
solution was homogenized using homogenizer
(IKA model T18 ULTRA-TURRAX, Germany)
for 1 min at room temperature. Emulsions (100
mm?) were pipetted out at 0 and 10 min and
diluted with 10 cm® water. The absorbance of
the diluted emulsion was measured at 500 nm
using water as blank. Emulsifying activity index
(EAI) was expressed as square meter per gram
of sample by Naik et al. [13], emulsion stability
index (ESI) was determined by Naik et al. [13].

e Creaming stability The creaming index
was measured according to a method described
previously by Ma et al. [2] with slight
modifications. Freshly prepared 50% oil-in-
water emulsions (20 cm®) were done by
homogenizer (as previously described). The
samples of these emulsions (20 cm®) were then
poured into 50 cm® sample vials (h = 9.5 cm; d
= 2.5 cm) immediately after preparation and
stored at 4°C until analysis. The creaming
stability of the emulsions was determined over a
5 days period by using a calibre gage to measure
the height of the clear serum layer (HS) formed
at the bottom of the emulsions after the droplets
moved upwards, as well as the total height of the
emulsions (HT). The creaming index was then
calculated as follows: CI (%) = (HS/HT) x 100.

Statistical analysis

Statistical analysis was performed using MS
Excel 2010. The data were presented as mean values
+ standard deviation (SD) from three replicates.
Statistical analysis was done using ANOVA, with
Tukey's range statistically significant at p< 0.05. The
different letters within each column show significant
differences according to Tukey’s test at p <0.05.

RESULTS AND DISCUSSION

Color is one of the initial cues that a consumer
uses to evaluate the quality of a food product and so
it is important to assess the potential impact of
different plant proteins on food appearance. Ideally,
plant protein powders should be free of residual
pigments and other coloring compounds, which

allow them to be used in a variety of different food
products.

Therefore, instrumental colorimeter values (L*,
a*, b*) were measured to quantify differences in the
optical properties of the powders (Table 2). Here,
high lightness (L*) and low a* and b* values are
preferred, which means the powder has a white
appearance with only low coloring components.The
results are summerized in Table 2. The lightness
value (L*) of the FPI was significantly higher than
for the other protein isolates and this protein powder
also had overall low coloring components. The
redness (a*) of all the investigated protein isolates
was significantly different from that of the soy
protein isolate. Specifically, PPIs were slightly red
(higher a*) whereas FPI was slightly less red (lower
a*), and similar OPI and HPI. There was also a
significant difference in the yellowness (b*) of the
protein isolates. The HPI and PPI had the strongest
yellow color (b*), followed by FPI, SPI, and then
OPI.

These significant differences in color may have
important implications when incorporating the
proteins into different food products, such as
yogurts, beverages, meat analogues, and others. For
example, the adjustments are often needed to
formulate meat analogues to recreate meat-like
colors. Moreover, thesignificant differences in the
color of guava juice have been reported after the
addition of soy protein [10]. Thus, these results
showed that especially FPI and OPI might be suited
as a protein-rich ingredient with only low coloring
properties.

An important functional property in the
formulation of food products of vegetable proteins is
to form and stabilize foam. Plant proteins can
successfully adsorb at the air-water interface and
create a protective film around the air bubbles. The
ability of plant proteins to foam can be characterized
by measuring the foaming capacity and the stability
of the resulting foam over time [9].

This study aimed to investigate the foaming
properties (Figure 1) and retention of the stability of
the foam formed over a period of 60 minutes (Figure
2). Commercially available protein concentrates
were tested at three different concentrations - 2, 4
and 8% w/w sample, as similar concentrations were
commonly used in food products. SPI at all tested
concentrations shows the highest foaming activity —
from 190 to 200% (Figure 1). Furthermore, more
than 60% of the foam generated was hold on within
1 h (Figure 2). Pea proteins formed over 100% foam
at a concentration of 4% (Figure 1). This foam held
on above 50% for 1 h (Figure 2).

The variation in foam structures among different
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The variation in foam structures among different
samples may have resulted from different
conformations of relevant proteins such as large
globulin-like proteins or by an altered ratio of foam-
stabilizing and -destabilizing factors due to different
extraction procedures.
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Figure 1. Foam ability (FA, %) of commercial
available plant proteins

Furthermore, the variations in the foaming
properties could be caused by non-proteinaceous

material within the different concentrates, especially
HPI and RPI containing 24% and 13% of dietary
fibres.Plant protein isolates can act as emulsifiers in
various food systems [5]. The type and amino acid
composition of proteins determine the degree of
adsorption to the surfaces of lipid droplets in the
formation of emulsions. Emulsifying agents reduce
the interfacial tension between the aqueous and lipid
phases and form a protective coating that can prevent
droplets from aggregating with each other. In many
cases it is important that emulsifiers can form small
uniform droplets during homogenization. For this
reason, we measured the effect of protein type on its
emulsifying ability in model 50% oil-water
emulsions and 4% protein sample concentration.
This type of information is important for commercial
products because it determines how much emulsifier
should be added to the product to prevent
gravitational phase separation [14].
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Figure 2. Foam stability (FS, %) of commercial available plant proteins; A — PPI1; B — PPI2; C — SPI; D — FPI; E —

RPI; F— HPI.
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Emulsifying activity index (EAI) was highest for
SPI powder (33 m%g) followed by PPI, FRI, and RPI
powder (from 22 to 28 m?%g) and HPI (8 m?/g). EAI
indicated the area of interface (water/oil) stabilized
per unit weight of powder. Similar results have been
reported by different authors for pea protein, soy
protein and faba protein [15-17].

Although, the EAIs were similar in value, the
emulsion stability index (ESI) of the obtained
emulsions was different. The highest stability of the
emulsions was obtained for SPI (326 min), followed
by PPI1 (83 min), and the protein powders HPI, RPI,
and FPI (38, 35, 21 min, respectively) were of low
stability.

Table 3. Emulsifying activity index (EAI) and
emulsion stability index (ESI) of investigated 50% oil-
water emulsions and 4% protein sample concentration

Sample EAI, m?/g ESI, min
PPI1 23.58+1.25°¢ 83.00+0.55°
PPI2 28.46+1.05° 83.17+0.61°
SPI 33.16+0.952 326.81+3.222
FPI 24.55+1.20° 38.04+2,12°¢
RPI 22.66+1.10° 35.01+1.32¢
HPI 8.06+1.104 21.87+1.248

ab.¢.d Means in each column followed by different letters
are the Duncan groupings from highest to the lowest
showing significant difference (p<0.05).

100 -
90 -
R g -
E 70 - m12h
S 60 - m24h
B 50 -
£ 40 48h
‘E 1 m72h
g 30
8 20 - 120 h
10 -
0 .

PPI1PPI2 SPI FPI RPI HPI

Figure 3. Creaming stability at investigated plant-
based commercial available proteins for 120 h period

The rate of creaming in the prepered emulsions
increases with increasing droplet size and decreasing
aqueous phase viscosity. Therefore, phase
separation due to this mechanism is particularly
rapid in oil-in-water emulsions where the size of the
oil droplet is large and the viscosity of the water
phase is low [2]. Therefore, it is important in the
development of the food product to ensure that plant-
based proteins can maintain good stability of the

formed cream to prevent phase separation. For this
reason, we measured the cream stability of 50% oil-
in-water emulsions containing different
commercially available protein types and
concentrations (4%) during storage at ambient
conditions for 5 days (Fig. 3). The best creaming
ability was observed with SP1 (90% for fried 12 h),
followed by PPI, FPI and RPI (over 65%). The
formed emulsion is preserved in 65-70% during the
studied period. This defines the investigated
commercial proteins as good ingredients in creamy
foods. The creaming of HPI emulsions is similar to
the rest of the investigated emulsions in the first 12
h, but the stability of the emulsions in the
investigated period significantly decreases, the
observed phenomenon is not surprising since they
have relatively low EI1As (Table. 2). This effect may
be due to the fact, that the droplets in these emulsions
are weakly flocculated and the resulting emulsions
break up.
CONCLUSION

Plant-based proteins are gaining more and more
popularity in various protein-enriched food products
intended for dietary nutrition. The investigated pea,
faba, rice, hemp and soy protein powders have
significantly different functional characteristics,
with good emulsifying and foaming properties
possessed by soy and pea protein. All investigated
proteins can form 50 % oil/water emulsions, but
hemp protein stands out with the worst
characteristics. The colors of the plant protein
isolates were significantly different from those of the
soy protein isolate, with faba bean protein powder
having the lowest coloring potential. In summary,
we have shown that the investigated plant proteins
have relatively similar functional characteristics to
soy proteins, but most of them are not as versatile as
soy and therefore the specific type of protein should
be selected based on the end application. This
information will be very important for the design of
the next generation of alternative plant-based food
products. In the future, it will be important to also
investigate the functionality of actual food products,
as well as perform a sensory analysis of their quality
characteristics.
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The physicochemical properties of muffins incorporating different concentrations of Spirulina platensis L. (1 %, 3 %, and
6 %) were evaluated and compared to control muffins. The addition of Spirulina platensis increased the specific gravity and
volume of the muffins, with the highest volume observed in muffins containing 1 % Spirulina. The pH of the muffins
remained neutral across all samples, while the water absorption capacity decreased as the Spirulina concentration increased.
Ash content showed a marked increase, particularly with higher Spirulina concentrations, indicating a boost in the muffins'
mineral content. Sensory analysis revealed enhanced color, aroma, and flavor with 6 % Spirulina, though muffins with 1 %
and 3 % Spirulina exhibited higher scores for shape and pore uniformity. Similarly, the incorporation of phycocyanin led to a
decrease in relative mass, water absorption, and volume, while improving the color, aroma, and overall sensory attributes
compared to the control. Color analysis using the CIELab system showed no significant difference in lightness between the
experimental and control samples, though the red component (a*) was significantly reduced in Spirulina and phycocyanin
muffins. The findings suggest that both Spirulina platensis L. and phycocyanin significantly enhance the nutritional and
sensory properties of muffins, providing a functional and aesthetically appealing food product.

Keywords: physicochemical properties, cakes, Spirulina platensis L., phycocyanin, foods.

INTRODUCTION

Microalgae are natural sources of important
bioactive compounds such as vitamins, essential
amino acids, polyunsaturated fatty acids, minerals,
carotenoids, enzymes, and fibers. They represent a
valuable source of nearly all essential vitamins (A,
B1, B2, B6, B12, C, E, niacin-B3, biotin, folic acid,
and pantothenic acid-B5) [1]. Food products often
incorporate them due to their rich chemical
composition and nutritional value. Recognized as
“superfoods,” they have the potential to become
valuable raw materials, improving both the
nutritional and functional qualities of food [2, 3].
They are high in protein content with a balanced
amino acid profile [4]. Certain types of microalgae
have higher protein content compared to traditional
animal or plant sources. For example, the protein
content in Spirulina platensis L. is 65 % - higher than

* To whom all correspondence should be sent:
E-mail: kr.nikolova@abv.bg

in skimmed dry milk (36 %), soy flour (37 %),
chicken (24 %), fish (24 %), beef (22 %), and
peanuts (26 %) [5]. Proteins build every cell, tissue,
and organ in the human body and are involved in
forming structural components such as the
musculoskeletal system, enzymes, hormones,
hemoglobin, actin, myosin, blood serum, and blood
cells [6]. Proteins from microalgae are valuable for
supporting human health, especially for vegans or
vegetarians, as well as individuals on dietary
regimens where maintaining a balance of essential
amino acids is challenging.

Some researchers [7] say that Spirulina platensis
L. makes superoxide dismutase and catalase work
better, stops lipid peroxidation and DNA damage,
and turns on antioxidant enzymes in cells. It is rich
in phycobiliproteins, known for their hepato-
protective, anti-inflammatory, immunomodulatory,
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anticancer, and antioxidant properties [1].

The goal of this study is to develop recipe ideas
and technical methods for making muffins with
Spirulina platensis L. and phycocyanin and to
investigate their physical, chemical, sensory, and
color properties.

MATERIALS AND METHODS
Materials

To produce sponge cake batter, the following
materials were used, sourced from major retail
chains in Bulgaria: wheat flour “Extra” (type 500),
produced by "Sofia MEL" JSC, Sofia; chicken eggs;
sugar (crystal, refined); and deionized water.

The used Spirulina platensis L. was grown in a
bioreactor in Varvara, Bulgaria. Nikolova et al. [§]
did a full study of its chemical makeup and
properties. Phycocyanin was also used, extracted
using a green method described in Nikolova et al.
[9].

The following recipe composition formulations
were made: (1) a control batter for muffins; (2)
mixtures that replaced some of the wheat flour with
1 %, 3 %, and 6 % Spirulina platensis L. flour and
phycocyanin, in that order. Table 1 provides the
precise recipe compositions of the control and newly
developed formulations.

We will use the following designations in the
upcoming discussions: Variant 1-1 % Spirulina
platensis L. (V1), Variant 2-3 % Spirulina platensis
L. (V2), Variant 3-6 % Spirulina platensis L. (V3),
Variant 4-1 % phycocyanin (V4), Variant 5-3 %
phycocyanin (V5), Variant 6-6 % phycocyanin (V6).

Preparation technology of muffins

Table 1 displays the muffin recipe composition.
Egg whites and two-thirds of the sugar were mixed
using a mixer for 5 min at a medium speed of 3000
rad/s™". The remaining sugar was mixed with the egg
yolks. The flour and Spirulina platensis L. were
mixed for 5 min. The powdered spirulina was added
at 1 %, 3 %, and 6 % levels as a flour substitute in

the muffin recipe. Phycocyanin (1 %, 3 %, and 6 %)
was included as a substitute for egg yolk. The
ingredients were homogenized for 5 min (t = 20 °C).
The muffins were baked for 20 min at 180 °C in an
oven with upper and lower heating. After cooling to
room temperature, they were stored in plastic bags.

Methods for evaluating muffins

pH measurement. A digital pH meter (HANNA-
SNO111053Nq, electrode: HL1230B (Czech
Republic) with a range of pH 0.00 to 14.00 and an
accuracy of 0.01 pH was used.

Researchers analyzed fotal moisture content
using standard methods [10-12].

Weight measurement. Samples of muffins with
Spirulina platensis L. and phycocyanin were cooled
for 2 h, then weighed on an electronic scale.

Water absorption capacity. Measured by
determining the swelling of biscuits per BDS 15221-
81 [13].

Specific gravity for cake batter. Calculated by
dividing the cake batter weight in a standard cup by
the weight of an equal volume of distilled water [14].

Volume: Measured with a volumeter using small,
uniform grains (in cm®) per AACC method [14].

Ash content. The total ash content of the muffins
(%) was determined by incineration in a muffle
furnace (Germany) at 700°C until a constant weight
was achieved [11]. The results represent the
arithmetic mean of three parallel samples.

To assess the structural characteristics of the
muffins, photographs of cross-sections were taken,
and color parameters were measured.

The color of the muffin crust was evaluated using
a high-quality technical colorimeter, PCE-CSM 5,
PCE Instruments UK Ltd (Southampton, UK). The
measurements were recorded in the CIELab system
[15]. The parameters a and b, as well as the lightness
(L*), were determined during the color measurement
process.

Table 1. Recipe composition of muffins (control) and with Spirulina platensis L. (1, 3 and 6 %) and phycocyanin (1..

3 and 6 %)
Control Spirulina platensis L. Phycocyanin
Ingredients (%) 1 (%) 3 (%) 6 (%) 1 (%) 3 (%) 6 (%)
Egg yolk 13.35 13.35 13.35 13.35 13.21 12.95 12.55
Egg white 29.88 29.88 29.88 29.88 29.88 29.88 29.88
Sugar 25.90 25.90 25.90 25.90 25.90 25.90 25.90
Wheat flour 30.88 30.57 29.95 29.02 30.88 30.88 30.88
Spirulina platensis L. 0.00 0.31 0.93 1.85 0.00 0.00 0.00
Phycocyanin 0.00 0.00 0.00 0.00 0.13 0.40 0.80
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Sensory evaluation: quantitative descriptive test
for sensory profiling was applied to assess the
sensory attributes. Sensory parameters (shape, color,
aroma, size, sweetness, residual taste, aftertaste, and
crumb softness) of the muffins were evaluated six
hours after baking, in accordance with BDS EN ISO
[16, 17].

Statistical analysis: All parameters examined
were assessed following three repetitions. Data from
all studies were analyzed to get the mean and
standard deviation (SD). The statistical analyses
were conducted using IBM SPSS software at a
significance level of p <0.01.

The sensory analysis data of sponge cake blots
were analyzed using Kendall’s concordance method
to evaluate the agreement in the ranks of trained
tasters about the tested samples [18].

RESULTS AND DISCUSSION

The physicochemical parameters of muffins
without (Control) and with Spirulina platensis L. (1,
3 and 6 %) were determined. The relative mass of
muffins with 1 %, 3 %, and 6 % Spirulina platensis
L. showed higher values than the control (0.72 +
0.03). Increasing the amount of Spirulina platensis
L. from 3 % to 6 % did not significantly affect the
relative mass. The control muffin had a volume of
207.00 £ 6.71 cm?, close to that of muffins with 6 %
Spirulina platensis L. (208.33 + 2.89 cm?®). Muffins
with 1% Spirulina platensis L. exhibited the most
significant volume (216.67 £ 5.77 cm?®), followed by
those with 3 % Spirulina platensis L. (215.00 = 5.00
cm?®). It can be concluded that incorporating
Spirulina platensis L. in concentrations of 1 % to 3
% increased both the relative mass of the batter and
the volume (cm?®) of the muffins (Table 2).

Table 2. Physicochemical parameters of muffins without and with Spirulina platensis L. (1, 3 and 6 %)

Amount added of Spirulina platensis

Physical parameters Control 1 % Spirulina 3 % Spirulina 6 % Spirulina
platensis L. platensis L. platensis L .
Specific gravity for cake batter 0.72+0.03° 0.82+0.02? 0.86+0.042 0.86+0.042
Volume (cm?) 207.00+£6.71° |  216.67+5.77° 215.00+5.00* 208.33+2.89°

Water absorption capacity (%) 332.50+£7.722

262.00+6.24°

261.67+4.047°

267.67+6.51°

pH 8.00+0.06* 7.10+0.02° 7.17+0.10° 7.10£0.03°
Ash content 0.57+0.04¢ 0.7340.02¢ 0.9440.06° 1.574+0.04°
Moisture (%) 28.49+0.36 27.82+0.37° 27.70+0.54P< 27.16+0.17¢

Means in a row with a common superscript letter (a—c) differ (p < 0.05) as analyzed by Duncan test.

Table 3. Physicochemical parameters of muffins without and with phycocyanin (1, 3, 6 %)

Amount added of phycocyanin

Physical parameters

Control

1 % phycocyanin

3 %phycocyanin

6 %phycocyanin

Specific gravity for
cake batter

0.72+0.03?

0.68+0.03%°

0.63+0.03°

0.56+0.03¢

Volume (cm?)

207.00+£6.71*

193.33+2.89°

178.33£7.64°

171.67+7.64¢

Water absorption 332.50+7.72¢ 309.00+7.21° 291.00+5.00° 273.33+2.89¢
capacity (%)

pH 8.00+0.06° 7.71+0.20 > 7.3240.26° 7.30+0.28"°

Ash content 0.57+0.04* 0.56+0.04 2 0.60+0.05 2 0.62+0.02°

Moisture (%) 28.49+0.36° 28.67+0.52° 27.70+0.545< 29.23+0.10°

Means in a row with a common superscript letter (a—d) differ (p < 0.05) as analyzed by Duncan test.

The pH of the new products tended toward
alkaline (slightly above 7.00), which is considered
balanced according to literature data [19, 20].

The newly developed muffins' water absorption
capacity (%) decreased by 21-20 % compared to the
control (332.50 + 7.72) % as the Spirulina platensis
L. concentration increased from 1 % to 6 %. This
indicates that water absorption capacity decreases
proportionally with the increasing concentration of
Spirulina platensis L.

Adding 1% Spirulina platensis L. increased the
ash content by 1.3 times, while 3 % Spirulina
platensis L. resulted in a 1.6-fold increase, and 6%
Spirulina platensis L. led to a 2.8-fold increase
compared to the control (0.57 + 0.04). Thus, adding
Spirulina platensis L. significantly enhanced the
mineral content of the muffins, contributing to their
nutritional and biological value. The addition of
Spirulina platensis L. (1 %, 3 %, and 6 %) did not
significantly affect the moisture content (%). The
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addition of phycocyanin reduced the relative mass of
the batter in the newly developed muffins by 23 %.
A similar trend, although less pronounced (17 %),
was observed for the volume (cm?).

Phycocyanin addition visibly influenced the
products' pH. Increasing the phycocyanin
concentration from 3 % to 6 % had no significant
effect on this parameter. It is important to note that
the newly developed products retained a neutral pH,
similar to the control, which is considered balanced
according to literature data. When 1 %, 3 %, and 6
% phycocyanin were added, the ability to absorb
water dropped by about half at each concentration.
Muffins with 6 % phycocyanin showed a 14 %
increase in ash content compared to the control
(Table 3).

A color analysis of the muffin surface and a
sensory evaluation of their consumer qualities were
conducted. Figure 1 illustrates the morphological

features of the muffins' surface and interior
compared to the control.
’ =4, Control
"ij!
With Spirulina Platensis L.
Variant |
) N~

Variant 2 Variant §
Variant 3 Variant 6

Fig. 1. Photographs of top surfaces and cross-sections
of a muffin without Spirulina platensis L., with Spirulina
platensis L, and with phycocyanin.

A quantitative descriptive sensory profiling test
(Meilgaard, 1991) was used to determine the sensory
attributes (shape, color, aroma, pore size and
uniformity, sweet taste, residual taste (aftertaste)) of
the newly developed muffins.

To fully describe the product characteristics,
specific indicators and quantitative scales were
developed to measure their intensity. The intensity
results were statistically analyzed to determine
significant differences among the evaluated muffins
by a selected panel of ten trained sensory assessors,
ensuring the accuracy of the evaluation [21].
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The crumb softness of the muffins was also
determined six hours after baking, Muffin samples
were prepared one hour before evaluation. The
crumb layers from each type were cut into 1.5 x 1.5
x 1.5 cm samples, which were stored in coded
containers covered with aluminum foil. The sensory
assessors evaluated the coded samples in random
order, presented simultaneously.

As shown in Figure 2, for the shape parameter,
muffins with 1 % and 3 % Spirulina platensis L.
achieved the highest values, equal to those of the
control. The intensity of color and aroma perception
was highest in muffins with 6 % Spirulina platensis
L. Uniform pore size was observed in samples with
1 % and 3 % Spirulina platensis L., while those with
6 % were similar to the control.

A stronger residual taste than that of the control
was noted in all muffins with Spirulina platensis L.,
with intensity increasing with higher concentrations,
though less noticeable at lower levels. The tasters did
not detect a difference in the softness of the
developed muffins, but the values were lower than
those of the control.

Shape
101
" 8,
Softness
Aftertaste &\
\
\.\‘"—L/,.
Sweet taste Taste

Fig. 2. Sensory profile of muffins without (Control)
and with Spirulina platensis L. (1,3 and 6 %): V1 —1 %
Spirulina platensis L. V2 — 3 % Spirulina platensis L. V3
— 6 % Spirulina platensis L.

The 1 %, 3 %, and 6 % phycocyanin muffins
showed highly pronounced sensory attributes of
shape, color, aroma, sweet taste, and softness (Figure
3). The intensity of perception of color, smell,
residual taste, and softness was higher than that of
the control.

For all concentrations of phycocyanin (1 % to 6
%), the values for color and aroma were distinctly
different from those of the control. A concentration
of 1 % phycocyanin did not affect the size of the
muffins, whereas muffins with 3 % and 6 % of
phycocyanin had similar and higher size values.
Adding 3 % and 6 % of phycocyanin resulted in a
more pronounced increase in muffin size.
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Softness

Aftertaste

Sweet taste Smell

Fig. 3. Sensory profile of muffins without (Control)
and with phycocyanin (1, 3 and 6 %): V4 - 1 %
phycocyanin V5 - 3 9% phycocyanin V6 - 6 %
phycocyanin.
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Fig. 4. Color parameters of muffin crusts with
phycocyanin (1, 3, and 6 %), Spirulina platensis L. (1, 3,
and 6 %), and control.

The results for the color parameters in the
CIELab colorimetric system for the muffin crusts
with phycocyanin and Spirulina platensis L. are
presented in Figure 4.

It was found that the L* parameter which
measures how light the muffin crust is, was the same
for samples containing 1 %, 3 %, and 6 % of
Spirulina platensis L. and 1 %, 3 %, and 6 % of
phycocyanin as it was for the control sample. This
shows that adding Spirulina platensis L. and
phycocyanin at the chosen concentrations doesn't
have a big effect on how light the crust is of the new
products.

The a* values, reflecting the contribution of the
red component to the crust's color, showed a
significant decrease compared to the control sample.
For samples with 1 % concentrations of Spirulina
platensis L. and phycocyanin, the a* values were
nearly five times lower than those of the control. We
observed a similar trend for the other two
concentrations, particularly in samples containing

phycocyanin, where the effect was
pronounced.

The b* values, which represent the yellow
component in the color of the crust, showed no
significant differences among the muffin samples
with Spirulina platensis L., added at the selected

concentrations, did not alter the color of the crust.
CONCLUSION

v" Increased nutritional  value: The
incorporation of Spirulina platensis L. into muffins
significantly enhanced their mineral content,
particularly with higher concentrations of Spirulina
(3 % and 6 %), which resulted in increased ash
content. This suggests an improvement in the
nutritional value of the muffins, providing additional
health benefits.

v" Physicochemical properties: The addition of
Spirulina platensis L. led to a higher relative mass
and increased volume, especially at the 1 % and 3 %
concentrations. However, increasing the Spirulina
content beyond 3 % did not significantly affect these
parameters. The pH of the muffins remained
balanced, slightly alkaline, regardless of Spirulina
concentration. Water absorption capacity decreased
with increasing Spirulina content, indicating its
impact on dough consistency.

v' Sensory qualities: Sensory evaluation
revealed that muffins with 1 % and 3 % Spirulina
platensis L. were preferred for their shape, color, and
uniformity. Muffins with 6% Spirulina exhibited a
stronger aroma and flavor, although the aftertaste
increased with higher concentrations. The sensory
attributes of muffins with Spirulina showed an
overall enhancement in aroma, color, and taste, with
lower concentrations being preferable for texture
and shape.

v' Effect of phycocyanin: The addition of
phycocyanin reduced the relative mass and volume
of muffins, particularly at 3 % and 6 %. Despite this,
phycocyanin significantly improved color and
aroma, contributing positively to the sensory appeal
of the muffins. Phycocyanin also caused a decrease
in water absorption and a slight increase in ash
content, though its effect was less pronounced than
that of Spirulina.

v" Color analysis: Both Spirulina platensis L.
and phycocyanin influenced the color of the muffin
crust, with reductions in the red component (a*)
being particularly notable in  phycocyanin-
containing muffins. However, these additions did
not significantly affect the lightness (L*) of the crust,
indicating minimal impact on the overall
appearance.

morec
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v" Functional ingredient potential: Both
Spirulina platensis L. and phycocyanin proved to be
valuable functional ingredients in  muffin
production, enhancing the product's nutritional
profile and sensory properties. Their incorporation
into bakery products can contribute to the
development of healthier, more appealing food
options, with positive implications for product
innovation in the bakery industry.
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The aim of the current study was to isolate and characterize inulin from roots of shatavari (Asparagus racemosus Willd.)
using microwave-assisted extraction. Physico-chemical properties of the isolated polysaccharide as yield, purity, degree of
polymerization, molecular weight, polydispersity index and color characteristics were evaluated. The structural elucidation was
performed by FTIR spectroscopy. The functional properties as swelling, water and oil holding capacities, tapped and bulk
densities, flowability, cohesiveness, hygroscopicity and wettability were evaluated. The isolated inulin was characterized by
low degree of polymerization 7-10 and molecular mass of 1.6 kDa. The structure of inulin-type fructan was confirmed by FT-
IR spectroscopy, where 2-ketose and S (2—1) bonds were found. Inulin showed better oil-holding capacity than water-holding
one, good swelling properties (6 g/cm?), high cohesiveness and fair flowability. The conducted research was the first detailed
study for the elucidation of structure and functional properties of inulin from shatavari (Asparagus racemosus Willd.) roots.
The isolated inulin is characterized as low-molecular fructan with good swelling and oil-holding capacities and it can be used in
food or pharmaceutical formulations as taste enhancer and potential prebiotic.

Keywords: shatavari (Asparagus racemosus Willd.), inulin, FTIR spectroscopy, functional properties

INTRODUCTION

Shatavari (Asparagus racemosus), known also as
satawar, or shatamuli is a medicinal plant originated
from India and the Himalayas that belongs to the
Asparagus genus, Liliaceae family [1, 2]. The roots
of A. racemosus are finger-shaped, bitter in taste and

growth and possess insecticidal activity [2].
However, the information about carbohydrate
composition is unsufficient. Some recent studies
have demonstrated that fructooligoacchrides (FOSs)
from the roots of A. racemosus showed in vitro
immunomodulatory activity, higher stimulatory

they are sweet, oleaginous, indigestible, cooling, and
an appetizer [2]. This plant is considered as one of
the most popular herbs in Ayurvedic system, the
category of ‘Ayurvedic Rasayana’ which essentially
comprises herbs possessing adaptogenic and
immuostimulating properties [1]. A. racemosus
pOsSsesses aphrodisiac, immune-modulatory,
adaptogenic, anaphylactic, antiulcer, molluscicidal
and radioprotective properties [1-4]. The extracts of
shatavari roots contain many bioactive compounds,
especially carbohydrates, phenolic compounds,
steroidal glycosides. Tannins were detected in
ethanolic and aqueous extracts, whereas steroids,
terpenes, and saponins were found in ethanolic
extracts. The major compounds that bring about its
biological activities are steroidal saponins,
especially Shatavarins 1-1X [3]. Shatavarins (I-1V)
are antimicrobial compounds that inhibit mold

* To whom all correspondence should be sent:
E-mail petkovanadejda@abv.bg

activity of 51.8 + 1.2% and low cytotoxicity [1]. The
aqueous extracts of the roots of Asparagus
racemosus rich in 2—1 type FOS were evaluated for
their efficacy against streptozotocin- and alloxan-
induced diabetes leading to sexual dysfunction in
rats [5]. Some authors reported that the content of
inulin is 12 % with degree of polymerization 7-8 [1,
6, 7]. However, there is no detailed study so far of
the characteristics of inulin from shatavari roots and
evaluation of its functional properties. Revealing the
polysacharide characteristics of shatavari roots will
bring about its future application. Therefore, the aim
of the current study was to isolate inulin from roots
of shatavari (Asparagus racemosus Willd.) using
microwave-assisted extraction and to characterize its
physicochemical and functional properties.

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL

All used solvents and chemicals were of
analytical grade.

Plant material

The finely ground powder of shatavari
(Asparagus racemosus) roots was purchased from
on-line shop Zoya (Bulgaria) with LOT
2006030006, with declared origin from India. The
roots were used as they were received without any
pretreatment.

Carbohydrate analysis in aqueous extracts

The aqueous extracts of shatavari roots (2.5 @)
were obtained using an ultrasonic bath (Isolab,
Germany) as previously decribed [8]. The total
fructan content in the extracts was determined by
resorcinol-thiourea spectrophotometric method at
480 nm [9]. The individual sugars and inulin were
analyzed by HPLC-RID method [9].

Microwave-assisted isolation of fructan from
shatavari roots

The shatavari root sample (50 g) was extracted
with 500 ml of boiling distilled water in duplicate
using a microwave device Crown (2452 kW), with
microwave power of 700 W for 5 min [10]. The hot
water extract was filtered through a nylon cloth. The
extract was cooled to room temperature and then was
precipitated with acetone (1:4 v/v). The obtained
sample was separated by centrifugation and then
purified by recrystallization from boiling water and
precipitated with acetone (1:5 v/v). The obtained
polysaccharide was filtered and dried at 40 °C.

Characterization of fructan from shatavari roots

The melting point was measured with a Kofler
apparatus. The reducing groups were determined by
the PAHBAH method at 410 nm [10], while total
fructose content - by resorcinol-thiourea reagent at
480 nm. The purity of inulin was analyzed by HPLC
on an Elite Chrome - Hitachi instrument with a
Shodex® Sugar SP0810 column (300 mm x 8.0 mm
i.d.) at 85°C, flow rate of 1.0 ml/min and injection
volume of 20 pl [10]. High-performance size-
exclusion chromatography (HPLC-SEC) was used
for the determination of number average molecular
weight (Mn), and weight average molecular weight
(Mw). The analysis of isolated inulin was performed
on HPLC ELITE LaChrome (VWR Hitachi, Japan)
chromatograph with a
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column Shodex OH-pack 806 M (ID 8 mm and
length 300 mm), (Shodex Co., Tokyo, Japan) at
30°C and a RI detector (VWR Hitachi Chromaster,
5450, Japan) with 0.1M NaNOs [9]. Polydispersity
index (X) of inulin was calculated as the ratio of the
two molecular weights (Mw/Mn).

FTIR spectroscopy

The FTIR spectrum of isolated shatavari fructan
(2 mg) was collected in KBr tablet on a Nicolet FTIR
Avatar  Nicolet (Thermo Scientific, USA)
spectrometer in the wavelength range of 4000400
cm? after 132 scans at a resolution of 2 cm™.

The color measurement of shatavari inulin was
done using a portable colorimeter Model WR-10QC
D 65 lighting, following the CIELAB (L*, a*, b*)
system [11]. The swelling properties, water- and oil-
holding capacities of shatawari inulin were
evaluated according to Robertson et al. [12]. Other
characteristics as true, bulk, and tapped densities,
angle of repose, flowability and wettability were
determined according to the methods described in
[13].

Statistical analysis

All experimental measurements were carried out
in triplicate and are expressed as average of three
analyses + standard deviation.

RESULTS AND DISCUSSION

Before isolation of polysaccharide, a screening of
the agqueous extract for carbohydrate composition is
needed. The results from the analysis of the aqueous
extract from shatavari roots are summarized in Table
1. The carbohydrate profile is presented on Figure 1.
The total fructan content in the analyzed sample was
24 g/100 g dw, as 21.22 g/100 g dw was inulin. In
the aqueous extract of shatavari roots were found
also 1-kestose (2.91 g/100 g), sucrose, glucose and
fructose. Therefore, inulin is the dominating
polysaccharide in shatavari roots (88 % from the
total detected fructans), followed by prebiotic 1-
kestose. The inulin level in Asparagus racemosus
found [14] in some studies varied between 10 — 15
0/100 g fw [14, 15]. A. falcatus, A. racemosus and A.
officinalis have shown inulin content in the roots of
17.74, 11.83 and 15.3% on a fresh weight basis,
respectively [16]. According to some authors [16]
asparagus roots contain around 28% fructans on a
dry weight basis, which was near to our results (24%
dw).
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Table 1. Fructan and sugars content in shatavari roots, g/100 g dw

Characteristics Values, g/100 g dw
Total fructans 24.07+2.68
Inulin 21.22+2.30
Nystose -
1-Kestose 2.91+0.05
Sucrose 2.73x0.25
Glucose 0.70+0.21

Fructose

1.90+0.19

Fig. 1. HPLC-RID chromatogram of an aqueous extract of shatavari roots, where 1. inulin, 2. 1-kestose, 3-sucrose,

4-glucose and 5-fructose.

Isalation and characterization of inulin-type
fructan from Asparagus racemosus roots

The yield was low (2.6 % dw), with 19 % fructose
content. The purity of the obtained inulin was 58%.
The degree of polymerization was evaluated to be 7-
10, and the obtained inulin from Asparagus
racemosus can be evaluated as low-molecular
fructan, part of fructooligosacchrides with molecular
mass 1655 Da. The polydispersity index is 1.03,
which is near to the chicory inulin Frutafit HD with
DP 8-12 used as a reference (Table 2). In some early
study about phyto-chemical evaluation 26.7% yield
of 2 — 1 linked fructo-oligosaccharides (FOS) with
degree of polymerization (DP) of nearly 7-8 in
Asparagus racemosus roots was reported [1]. Sun et
al. [17] reported a new inulin-type fructan from
Asparagus cochinchinensis with molecular weight
of 2690 Da isolated using distilled water and it could
be used as a dietary supplement to improve health.
The average degrees of polymerization were 8.8 in
raw inulin (Asparagus racemosus) according to
another study [18]. Therefore, our data about inulin
with low molecular mass and low degree of
polymerization coincided with most of the reports in
literature for Asparagus racemosus [1, 18]. HPLC-
RID chromatogram of the polysaccharide from
shatawari isolated by microwave—assisted extraction
is presented in Fig. 2. The purity of the obtained

inulin was 58% and from the chromatogram can be
seen also presence of sucrose and fructose, which are
degradation products of inulin-type fructan during
the sample preparation. The low molecular weight of
shatavari inulin led to the presence of a small amout
of free fructose as degradation product during
heating of the sample.

The HPLC-SEC chromatogram (Fig. 3) shows
the molecular weight distribution pattern of the
isolated polysaccharides from shatavari roots. Four
peaks were observed, the first two being due to
polysaccharides. The first peak with a retention time
of 11.49 min was due to a polysaccharide fraction
with Mw 43038 Da and Mn 38765 Da, while the
second peak with the retention time of 13.2 min is
inulin with Mw 1655 Da and Mn 1605 Da with
degree of polymerization 10.

Some authors have described up to 14 different
isomers of DP 4-8 from the roots of A. officinalis,
belonging to both inulin and neo series [19-21].
Inulin with DP 7 and three neo series (F-p(2—6)-G-
B(2—1)-F5, F2-B(2—6)-G-p(2—1)-F4 and F4-
B(2—6)-G-B(2—1)-F2) were previously reported in
the roots of A. officinalis and A. racemosus, as the
greatest variety of oligomers of DP 3-10 reported in
A. officinalis [19]. Therefore, the isolated short-
chained inulin-type fructan in our study was in
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accordance of the data reported in the literature for
short-chained fructans in Asparagus genus.

inulin

Fig. 2. The purity of inulin from shatavari isolated by
microwave-—assisted extraction
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Fig. 3. HPLC-SEC of p_c;lysaccharide from shatavari
isolated by microwave—assisted extraction
Table 2. Physicochemical characteristics of inulin

isolated from shatavari roots by microwave-assisted
extraction

[6]. The possible explanation for this dark color
could be the presence of polyphenolic compounds,
as previously described by some authors [6, 16]. The
color of shatavari inulin was clearly different from
that of chicory inulin because the asparagus extract
was dark brown. The L* (lightness) value decreased
and the b* value (yellowness) increased. The similar
observation was made for other unpurified fructans
from natural sources such as Jerusalem artichoke,
Asparagus falcatus and Taraxacum javanicum
plants [14, 16]. The reported by Hamdi et al. [16]
data for color characteristic for asparagus inulin
demonstrated even higher results for darker inulin
(L=50.5203; a=3.9032; b=17.3581) in comparison
to our study.

Functional properties of shatavari inulin

The degree of polymerization is one of the most
important  fructan characteristics for further
application in food products. Oligofructose with DP
< 10 has some degree of sweetness (30—65%
compared to sucrose). It is very soluble in water, not
texturizing, but is easily and quickly fermented by
colonic microbiota with high prebiotic activity [16].
Therefore, the evaluation of functional properties of
the obtained short-chained inulin from shartavari
will reveal its potential for futher application in food
products.

The functional properties of inulin isolated from
shatavari roots are summarized in Table 3.

Table 3. Functional properties of inulin isolated from

Characteristics Shatavari Inulin
inulin MW | Frutafit HD
DP 8-12
Yield , % 2.6:0.4 -
Purity, % 58.0+0.6 82.5+0.3
Fructose content, % 19.1+0.6 75.0£0.4
Reducing groups, % 3.0+0.3 5.4+0.5
DP by 7 15
spectrophotometric
method
DP by HPLC-SEC 10 12
Mw, Da 1655 2185
Mn, Da 1605 2105
Polydispersity index 1.03 1.04
Color characteristics
L 63.72+1.64 | 100.00+0.00
a 5.04+0.99 0.08+0.04
b 5.17+1.29 6.79+0.10
C 7.22+1.61 6.79+0.10
h 45.34+1.84 | 92.29+5.16
AE 32.39+0.87 4.81+0.55

shatavari roots

Functional Shatavari Inulin
properties iunulin MW | Raftiline HD
Swelling, g/cm® 6.70 0.74
Water-holding 2.90 0.40
capacity, g water/g

Oil-holding 3.10 0.40
capacity, g oil/g

Bulk density, g/mL 1.01 24
Tapped density, 0.61 18.5
g/mL

True density, g/mL 1.17 1.11
Carr’s index 40 23
Hausner ratio 1.67 1.30
Angle of repose,® 5.14 25.64
Flowability Very poor Fair
Cohesiveness Very poor Fair
Hygroscopicity, % 7.9 3.7
Wettability, s 225 9

The color of shatavari inulin was darker than that
of commercial low molecular inulin from chicory
(Table 2). Shatawari inulin was pale-white and
darker than that obtained from Asparagus falcatus
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Shatavari inulin demonstrated good swelling
properties (6.7 g/cm?d), better oil-holding and water-
holding capacity in comparison with commercial
chicory inulin Frutafit DP 8-12. In our case, inulin
from Asparagus racemosus demonstrated 3.1 g/g
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sample oil-holding capacity, which was three times
higher in comparision to chicory inulin used as
reference with DP 8-12.

However, inulin from other asparagus sources
demonstrated higher oil-holding capacity, more than
3 times higher than our results. For example, Hamdi
et al. [16] reported oil-holding capacity for asparasus
inulin about 94 g/100 g, and explained this fact with
low purity of inulin (near 58% in fructans), while
inulin from Asparagus falcatus demonstrated oil-
holding capacity of- 101.62 g/100 g inulin [6].
Functional characteristics regarding swelling
properties,  oil-holding  capacity = of this
polysaccharide (3.1 g oil/g sample), and water-
holding capacity (2.90 g water/g sample) were
similar to those of echinacea inulin obtained by
microwave-assisted extraction [11, 22]. The values
for water- and oil-holding capacities of shatawari
inulin were close to previously reported data for
long-chained chicory (1.59 g water/g sample and 3.4
g oil/g sample, respectively) [23]. However, our
results for oil-holding capacity were higher in
comparision to commercial chicory inulin and globe
artichoke inulin (1.37 and 1.38 g oil/g sample,
respectively) and Jerusalem artichoke 1.02 g oil/g
sample [24].

Shatavari inulin with oil-holding properties can
be used as a functional ingredient to improve taste.
In addition, this is the first detailed study that
evaluates functional properties of shatavari inulin.
Based on Nandi’s classification [25] shatavari inulin
demostated high cohesiveness and fair flowability,
based on Carr’s index (40) and Hausner ratio (1.67)
(Table 3). Shatavari inulin is more hygroscopic (7.9

vO-H (OH) v C-Has(CHz) v C-Hs(CHa)

3460 cm-1

'|

2967 cm-1

2894 cm-1

%) than chicory inulin (Table 3), that could be
explained with low degree of polymerization DP 7-
10 (Table 2). Moreover, the higher sharavari
wettability could be explained with presence of other
fractions of high-molecular polysaccarides (Fig. 3).
The flow properties—the angle of repose, Carr’s
index, and Hausner ratio are very important for the
packaging and transportation of powdered
pharmaceutical and food additives. Based on these
characteristics, the isolated shatavari inulin can be
evaluated as hygroscopic with very poor
cohesiveness and flowability and low wettability.

FTIR specroscopy

The structure of shatawari inulin isolated by
microwave-assisted water extraction was confirmed
by FT-IR spectroscopy (Fig. 4).

In general, the FTIR spectrum of shatavari inulin
mainly shows all typical bands for inulin-type
fructans [16, 26, 27]. A broad band at 3470 cm™ was
due to O-—H stretching vibrations assossiated with
inter- and intramolecular hydrogen bonds in the
inulin structure. Smilar bands between 3600 and
3200 cm™* due to the stretching of OH-groups from
carbohydrate were detected earlier in asparagus
inulin [6, 16]. The bands at 2967 cm™ were due to
C—H asymmetric stretching vibrations. The bands at
2894 cm™t were characteristic for symmetric
stretching vibrations of C—H from CH.. The bands at
1458 cm™ were due to symmetric stretching
vibrations C-H in pyranosyl ring and fo—u (OH).
The band at 1654 cm™ was assigned to the
absorption of water.

0-D-Glep, p-bonds, 2-kestose (fructan)

032 cm—1. 873 and 817 cm—1

Nl

0,76 /

0,71
0,66
0,61

+ 0,56

0,51
0,46
0,41
0,36

|

3890 3390 2890

2399, cm-1

1890 1390 890 390

Fig. 4. FT-IR spectrum of shatavari inulin isolated by microwave-assisted extraction with DP 7-10
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The bands at 1166 cm™* were assigned to C-O-C
ring stretching vibrations from glycoside linkage.
The band at 1024 cm™* was assigned to C-O
stretching vibrations. The band at 932 cm™* showed
the presence of a-D-glucopyranosyl residue in the
carbohydrate chain. A band for 2-ketofuranose and
B-anomer bendings in C1-H was detected at 873
cm ! and the occurence of a typical band at 817 cm™
confirmed the presence of 2-ketose in pyranosyl or
furanosyl ring. Moreover, the band at 783 cm™ was
a confirmation for the presence of ketopyranoses, as
well as aldopyranoses with symmetrical ring
breathing vibrations [29]. A band between 950 and
920 cm™* was diagnostic for fructans, previously
detected in other fructan-bearing species such as A.
potatorum and A. angustifolia [27]. In our spectrum
a small band at 940 cm™ (Fig. 4) was detected that
was due to 2—6 as in levan structure described
previously [26]. Moreover, the bands at 932.62 and
822.22 cmtindicated the presence of fructose (Fru)
with a f-configuration glycosidic bond in inulin-type
fructan from A. cochinchinensis [17]. The observed
bands were in accordance with previous reports [16,
17, 27]. The bands at fingerprint region in the FT-IR
spectrum were reported earlier for inulin-type
fructan. The bands at 932, 873, and 817 cm™ were
typical for inulin from different plant sources such
as burdock, echinacea, dahlia, chicory [10, 11, 15,
22,23, 28, 29]. In addition, asparagus plant is rich in
fructooligosaccharides and contains neokestose type
(2—1, 2—6) fructopyranosyl linked units of fructans
[1, 16, 20, 21]. In the FTIR spectrum bands at 2938
cm? typical for lipids, and at 1080 cm™ for
carbohydrates were found [26]. However, the band
at 1741 cm™ was typical for C=0 stretching
vibration that could be due to the protein or phenolic
compounds bound to the carbohydrate. A similar
observation was reported earlier for the FTIR
spectrum of asparagus inulin-type fructan in the zone
1700-1500 cm, where bands were assigned to
proteins (amide | and amide Il vibrations) and to
aromatic compounds (C-H and C=C-C aromatic
bond stretching) [16]. In conclusion, inulin, isolated
from shatavari in the present study, contained mainly
bands typical for inulin-type fructan with g 2—1
bonds.

CONCLUSION

The conducted research elucidated the structure
and functional properties of inulin from shatavari
(Asparagus racemosus Willd.) roots. The obtained
shatavari inulin was low-molecular with DP 7-10,
good swelling properties and oil-holding capacity,
high hygroscopicity, very poor cohesiveness and
flowability and low wettability. Inulin molecular-
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weight properties revealed its potential to be used as
taste modifier in food products with potential
prebiotic effect, due to its low-molecular weight and
degree of polymerization.
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Hemispheric asymmetry in learning and memory after unilateral infusion of
cannabinoid ligands into the CA1 hippocampal area of bulbectomized rats
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The effects of the ligands of cannabinoid receptor HU 210 (CB-receptor agonist) and SR 141716A (CB1 receptor
antagonist) infused unilaterally (left or right) into the CA1 hippocampal area on learning and memory (two-way active
avoidance task) in rats with a depression model (olfactory bulbectomy, OBX) were examined. We found that HU 210 (5 g/
0.1 pl) microinjected unilaterally into the CA1 area of rats impaired learning and memory processes, the effect being more
pronounced on the right side. SR 141716A (3 pg/0.1 ul) infused into the left or right CAL area had no significant effect on
(sham-operated) rat performance in the active avoidance test. The most important findings are that the administration of HU
210 in the right CA1 area reversed the OBX-induced learning and memory deficits, while microinjection into the left CA1
area ameliorated the acquisition and retention deficits in OBX rats. SR 141716A further impaired the rat’s performance and its
suppressive effect was present only on the right side. The results demonstrate that CB receptors are involved in learning and
memory in OBX rats. Our study provides for the first time, data about differential and asymmetrical effects of cannabinoid
ligands on learning and memory in OBX rats, suggesting a lateralization of CB receptors in the brain hemispheres. The
asymmetrical distribution of CB receptors in the left and right CA1 hippocampal area could contribute to the asymmetry in the
cognitive effects of the CB receptor ligands.

Keywords: CB ligands, hemispheric asymmetry, learning and memory, depression

INTRODUCTION hippocampal volume; structural and functional
changes in the hippocampus have been linked to
cognitive impairment. In addition to its role in
memory formation, recent studies have associated
the hippocampus with emotional and cognitive
functions.

Bilateral olfactory bulbectomy (OBX) is a valid
animal model for depression and it is also used for
modeling Alzheimer’s disease. Following OBX, rats
display behavioral changes including
hyperlocomotion, memory disturbances, reduced
sexual activity, aggressive  behavior, and
hyperemotionality [8]. The correlation between
structural, functional, and biochemical alterations in
the brains of both depressed patients and OBX rats
supports the use of OBX as a model to study the
mechanisms underlying the pathophysiology of
depression.

Accumulating evidence has underscored the

Hemispheric asymmetry, characterized by
differences between left and right hemispheres,
exists on structural, functional, and molecular levels
[1, 2]. Evidence supports the presence of receptor or
structural asymmetry in pathways mediating
behavioral responses, contributing to lateralized
behavioral patterns. Neuropharmacological studies
have explored asymmetry in behavioral responses
(such as exploratory behavior, motor activity,
anxiety, pain perception, and learning and memory)
across various brain structures, and have established
asymmetry in neurotransmitter systems such as
dopamine, gamma-aminobutyric acid, serotonin
neurotransmitter system, as well as asymmetry
involving  neuropeptides -  cholecystokinin,
somatostatin, vasoactive intestinal peptide, and
angiotensin [3-5].

Studies have found significant alterations in brain
regions in depressive disorder patients, such as the
hippocampus, amygdala, and prefrontal and frontal
cortex; similar changes have been observed in OBX
rats [6-8]. The hippocampus, a limbic system
structure, plays a crucial role in depression. Patients
with major depression often exhibit reduced
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significance of the endocannabinoid system in
modulating behavioral, neurochemical,
neuroendocrine, and neuroimmune responses to
various stimuli [9]. Cannabinoids have been shown
to alleviate hippocampal neuronal loss following
cerebral ischemia and acute brain injury, providing
neuroprotection in neurodegenerative conditions
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including Alzheimer's, Parkinson's disease, multiple
sclerosis, Huntington's chorea, Tourette's syndrome,
epilepsy, stroke, and various dementias [10]. Several
mechanisms have been proposed to elucidate the
neuroprotective effects of cannabinoids, including
neuromodulation and  calcium  homeostasis
modulation, protein  kinase activation, and
antioxidant activity, among others [10, 11]. Findings
suggest the involvement of  endogenous
cannabinoids in regulating cognitive processes.
Moreover, the endocannabinoid system has been
implicated in the pathogenesis of depressive
disorders which often manifest with cognitive
impairment, including memory deficits [12, 13]. The
two major cannabinoid receptors (CB1 and CB2)
belong to the family of G-protein coupled receptors
[10]. CBL1 receptors are densely distributed in brain
areas related to motor control, cognition, emotional
responses, and motivated behavior [10, 12].

The relationship between hemispheric brain
asymmetry and depression has been actively
investigated, and abnormal asymmetry has also been
reported to be associated with poor cognitive
function. Previously, we demonstrated impaired
learning and memory in OBX rats after
intracerebroventricular (i.c.v) application of CB
receptor ligands (HU 210 and SR 141716A) using
both active and passive avoidance tests [14, 15]. HU
210 improved the memory deficits of OBX rats,
while SR 141716A impaired their performance.
Based on the data mentioned above, this study aimed
to investigate the hemispheric asymmetry in learning
and memory in response to unilateral infusion of the
CB receptor agonist (HU 210) and the CB1 receptor
antagonist (SR 141716A) into the CA1 hippocampal
area in rats with a depression model, using a two-
way active avoidance test.

EXPERIMENTAL
Animals

The experiments were carried out on 42 male
Wistar rats weighing 200-220 g at the time of
surgery. Behavioral experiments were performed
between 10:00 am and 1:00 pm. The experiments
were conducted following the guidelines of the local
Ethics Committee, which fully comply with EC
Directive 2010/63/EU for animal experiments. All
efforts were made to minimize animal suffering and
reduce the number of animals used in the study.

Surgical procedures. Experimental model of
depression (OBX). Stereotaxic implantation and
drug microinjection into the CAL hippocampal area

Bilateral olfactory bulbectomy (OBX) was
carried out according to the method described by
Kelly et al. [16]. Seven days after bilateral olfactory
bulbectomy cannulae were surgically implanted
bilaterally into the CA1 area as described previously
[5]. After cannulae implantation, the rats were
allowed 7 days to recover. HU-210 (Tocris) and SR
141716A (Sanofi) were dissolved ex tempore in
saline and 0.1 pl of HU-210 (5 pg) or 0.1 pl of SR
141716A (3 ug) (pH 7.4) were microinjected over 1
min into the left or right CA1 hippocampal area. The
injection cannula was left in place for an additional
30 sec. Five min after the infusion the rats were
tested in the shuttle box. Sham-operated rats were
subjected to a procedure identical to that described
for the OBX rats.

Learning and memory test

e  Two-way active avoidance (shuttle-box). The
behavioral tests were performed 14 days after OBX-
surgery, i.e. when a depressive-like state was developed.
The animals were tested in a two-way active avoidance
test (shuttle box) described previously [5]. HU-210, SR
141716A, or saline were infused 5 min before the tests.

e \Verification. Before the scarification, the
rats were microinjected into the CAL hippocampal
area with 1ul 2% Fastgreen dye. Bulbectomy and the
injection sites were verified post-mortem. Animals
with misplaced or asymmetrical cannulas were
excluded from the statistical analysis.

e  Statistical analysis. Separate two-factor
analysis of variance (ANOVA) was used to analyze
the data obtained for number of avoidances for
learning (1 and 2" training day) and memory test
(24 h after the 2" training day) between subject
factors: substances (three levels: HU-210, SR
141716A, and saline) and side of injection (two
levels: left and right). ANOVA data were further
analyzed by SNK test for post hoc group
comparisons where appropriate.

RESULTS

Effects of HU 210 and SR 141716A microinjected
unilaterally into CA1 hippocampal area of sham-
operated rats

After the unilateral infusion of HU 210 and SR
141716A in the CALl area, the two-factor ANOVA
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showed a significant effect for the factor "drug" for
the 1% training day (F13s = 9.2129; P < 0.0001) and
the 2" training day (F235 = 28.3762; P <0.0001) and
a nonsignificant effect for the factor "side" for the two
training days (Fz3s = 2.9629; P =NS) and (Fi35 =
0.9278; P =NS). For the memory test, there was a
significant effect for the factors "drug" (F2,3s = 4.7107;
P < 0.05) and "side" (Fi35 = 62.11957; P < 0.0001)
and for the interaction "drug™ X " side" (F,, 35 =
4.9053, P <0.02).

A Shuttle box
.
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0 _

R-saline  R-HU R-SR  L-saline  L-HU L-SR
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DAY 2
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24h
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R-saline R-HU R-SR L-saline L-HU L-SR

Fig. 1 (A, B, C). Effects of HU-210 (5 pg/0.1 pl) or
SR 141716A (3 png/0.1 pl) microinjected into the left (L)
or right (R) CA1 hippocampal area of sham-operated rats
on the number of avoidances (N Av). A) 1% training day;
B) 2™ training day; C) retention test. °°P < 0:01; %°P <
0:001 — comparisons of the N Av, following drug
injections vs. resp. saline injections into the CA1 area. **P
<0.01; **P<0:001 — comparisons of the N Av, following
injections into the right CAL vs. left CAl area. n = 6.
Means (+ S.E.M.) are presented.

HU 210 injected unilaterally into the CA1 area
impaired the learning and memory processes of
sham-operated rats. The post hoc SNK test showed
that HU 210 microinjected into the right (R) or left
(L) CA1 area reduced the number of avoidances
compared to the corresponding saline-treated
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controls: on the 1% training day (R - P <0.001; L - P
<0.01), 2" training day (R - P <0.001; L - P <0.004)
and the retention test (R - P <0.001; L -P <0.001)
(Fig. 1. A, B, C).

Comparing the unilateral HU 210 infusions (left
vs. right), the right-side infusions resulted in
significantly fewer avoidances than left-side ones on
the 1%t and 2" days (P < 0.01; P < 0.003) and at the
memory test (P < 0.001) (Fig. 1, A, B, C). Post-hoc
test showed that SR141716A infused into the right
or left CAl area did not change the number of
avoidances on the 1% and 2™ (P =NS) training day
and at retention test (P =NS) compared to the
respective controls treated with saline: on the 1% (P
=NS) and 2" (P =NS) training day and at retention
test (P =NS) (Fig. 1. A, B, C).

Comparing the effects of SR141716A in the right
vs. left CAl hippocampal areas, no significant
differences were found — on 1% (P = NS), 2™ (P =
NS) days, and retention test (P = NS) (Fig. 1. A, B,
C).

Effects of HU 210 and SR 141716A microinjected
unilaterally into CA1 hippocampal area of
olfactory bulbectomized (OBX) rats.

Two-factor ANOVA after unilateral
microinjections of HU210 or SR141716A into the
CA1 hippocampal area of OBX-rats showed, for the
1% training day, a significant effect for the factors
"drug" (F235 = 77.8666; P < 0.0001), "side" (F135 =
19.2666; P < 0.0001) and significant interactions
between " side" X "drug" (F23s = 19.4666; P <
0.0001); for the 2" training day - a significant effect
for the factors "drug" (F23s = 15.9210; P < 0.0001),
"side" (F1,35 = 58.9144; P < 0.0001) and significant
interactions "side" X "drug" " (F23s = 20.5592; P <
0.0001) and at the retention test — "drug" (Fz3s =
146.6562; P < 0.0001), "side" (F13s = 40.500; P <
0.0001) and "side" X "drug" (F23s = 86.71875; P <
0.0001).

HU 210 infused into the right CA1 area increased
the number of avoidances in OBX-rats compared to
both right-side saline-microinjected OBX rats and to
sham-operated rats on 1% (resp. P < 0.001; P <0.02)
and 2" (resp. P < 0.0001; P < 0.04) training day and
at the memory test (resp. P <0.001; P <0.04). HU-
210 microinjected into the left CA1 area increased
the number of avoidances in OBX-rats compared to
the left-side saline-microinjected OBX-rats on 1%
(P <0.002) and 2" (P < 0.04) training day and at
the retention test (P < 0.002). Compared with
sham-operated rats the number was lower on 1 (P
<0.002) and 2" (P < 0.001) training day and at the
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retention test (P < 0.001). HU 210 infused into the
right-CA1 significantly increased the number of
avoidances on the 1%t (P < 0.001), 2" (P < 0.001)
training day and the retention test (P < 0.0001) as
compared to the left-CA1 injections (Fig. 2. A, B,
C).

A Shuttle box
B Day 1

Number of avoidances

Sham OBX-R-saline OBX-R-HU ~ OBXR-SR OBXL-saline OBXL-HU OBXL-SR
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Number of avoidances
ok M W s 0 oo N ®
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Sham OBX-R-saline OBX-R-HU  OBXR-SR OBXL-saline OBXL-HU O0BX L-SR

Retention test
C 14 24h
5. o

10 4

Number of avoidances
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Fig. 2. (A, B, C). Effects of HU-210 (5 ng/0.1 pl) or
SR 141716A (3 png/0.1 ul) microinjected into the left (L)
or right (R) CAL hippocampal area of OBX rats on the
number of avoidances (N Av). A) 1% training day; B) 2™
training day; C) retention test. °P < 0.05; P < 0.01;"P <
0.001 — comparisons of the N AV, following drug
injections vs. sham-operated rats; *P < 0:05; *P < 0:05;
*Xp < 0:001 - comparisons of the N AV, following drug
injections to OBX rats vs. OBX-saline injections into the
respective CAl area ***P < 0:001 — comparisons of the N
AV, following injections into the right CA1 area vs. left
CAl area in OBX rats. n = 6. Means (£ S.E.M.) are
presented.

SR141716A microinjected into the right CA1
area of OBX-rats decreased the number of
avoidances compared to the corresponding OBX R-
saline controls on 1%t (P < 0.03), 2" (P < 0.05)
training day and at the memory test (P < 0.03); in the
left CA1 area, it did not significantly change the
number of avoidances compared to the OBX L-

saline controls on 1 (P =NS), 2" (P =NS) training
day and at the retention test (P =NS). SR141716A-
treated OBX rats showed fewer avoidances in all
tests than the sham-operated rats (P < 0.001) (Fig.2.
A, B, C). Comparing the effects of SR141716A into
the right vs. left CA1 area of OBX-rats, it was found
that SR141716A infused into the right side
significantly decreased the number of avoidances on
the 1% training day (P < 0.05) and at the retention test
(P <0.05) as compared to the left side (Fig.2. A, B, C)

DISCUSSION

Olfactory bulbectomy is an established animal
model of depression. It triggers behavioral, immune,
endocrine, neurochemical, etc. alterations in rodents,
which resemble the ones observed in patients with
depressive disorders. Behavioral disturbances,
including memory deficit, are present two weeks
after the surgical intervention [16]. The behavioral
deficits occurring after OBX are associated with
neurodegenerative  changes and  disrupted
communication between different brain regions. The
reduced spine density in the hippocampal CAL,
CAS, and dentate gyrus most likely contributes to the
impaired cognitive processes [17].

In a previous work we reported that CB receptor
agonist HU 210, administered i.c.v., deteriorates the
learning and memory of rats and ameliorates the
memory deficits of OBX rats. In contrast, SR
141716A had opposite effects on the rat avoidance
performance [18]. This study extends our
understanding of the learning and memory effects of
cannabinoid ligands (HU 210 and SR 141716A)
applied to the brain in rats with a model of
depression (OBX). We have chosen the
hippocampus because it is known to be a brain
structure involved in learning and memory
processes. Additionally, it is characterized by a high
concentration of cannabinoid receptors. CBz
receptors are expressed at a high density in the CA1,
CA3 regions and dentate gyrus [19]. CB:2 receptors
have low physiological expression, but it is
enhanced in certain pathological conditions (e.g.,
neurodegenerative diseases, brain injuries, etc.).

In the present study, HU 210 microinjected
unilaterally, into the left or right CA1 hippocampal
area deteriorated learning and memory of sham-
operated rats, tested in an active avoidance paradigm
and the effect was more pronounced on the right
side. The unilateral infusions of SR 141716A did not
significantly affect the rat’s performance. Our data
contradict the findings of Wise et al. [20], who
reported memory impairment following
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intrahippocampal administration of the CBl1
receptor antagonist SR 141716A.

Previously we have demonstrated that OBX
impairs rat performance in both active and passive
avoidance tasks [14]. We have also observed
asymmetric learning and memory impairing effects
after angiotensin 1 (AT1) receptor stimulation in the
left amygdala of OBX rats, while inhibition of AT1
receptors in the left amygdala improved these
processes and prevented memory deficits in OBX
model of depression [21]. In the present study, the
acute administration of HU 210 in the right CAl
area reversed the OBX-induced learning and
memory deficits in the two-way active avoidance
task, while microinjection into the left CAl area only
attenuated the acquisition and retention deficits. SR
141716A further impaired the rat’s performance and
its suppressive effect was present only on the right
side. We hypothesize that the learning and memory-
improving effects of HU 210 could be due to a
modulatory influence on the altered activity of some
neurotransmitter systems (GABA, 5-HT, Ach, etc.)
which have been reported following olfactory
bulbectomy. Following OBX, a significant reduction
of long-term potentiation (LTP) in the hippocampal
CAL region is also observed [22]. It is well known
that CB:R agonists impair cognition and prevent
LTP of synaptic transmission. A recent work
demonstrated that CB1R activation may affect CA1
LTP in an opposing way, depending on the strength
of LTP induction and magnitude. It was shown that
both a CB1R inverse agonist, AM251, and a CBi1R
antagonist Rimonabant lead to a facilitation of
weakly induced LTP but to an inhibition of strongly
induced LTP [23]. The opposing effects of
cannabinoid ligands in sham-operated and OV X rats
may also be related to the dual influence of
endocannabinoids on LTP.

This study is the first to provide information on a
positive effect of HU 210 on the acquisition and
retention of active avoidance learning when injected
into the CAL hippocampal area in OBX rats. An
important finding is that the cannabinoid ligands
exerted an asymmetric effect on learning and
memory. The differential responses to the unilateral
(left or right) drug administration in OBX rats
suggest an asymmetric distribution of CB1 receptors
in the left and right CAL areas. There is evidence for
functional asymmetries in LTP, showing that
exposure to a novel environment early in life
enhances LTP selectively in the right CA1 area of
adult rats, whereas the left hippocampus shows no
differences [24]. Considering the above data, we can
assume, albeit speculatively, that the CB receptor
stimulation is most likely involved in the modulation
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of excitatory and inhibitory synaptic transmission,
and hence in hippocampal LTP.

Our data on the effects of cannabinoid ligands
infused unilaterally into the CAl area of OBX rats
are original and suggest that CB1 receptors are
probably involved in the development of the
depressive state.

CONCLUSION

The present study is the first to provide
information on the modulatory effect of cannabinoid
receptor ligands microinjected into the hippocampal
CAL1 area on the learning and memory of olfactory
bulbectomized rats. It is demonstrated that
stimulation of hippocampal CB receptors in a rat
depression model (olfactory bulbectomy) improves
rat performance in the active avoidance task. We
observed also asymmetrical effects of cannabinoid
ligands on learning and memory, suggesting a
differential distribution of CB receptors in the brain
hemispheres. The asymmetrical distribution of CB
receptors in the left and right CA1 hippocampal area
could contribute to the asymmetry in the cognitive
effects of the CB receptor ligands.
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The essential oils of T. vulgaris have antiseptic, antiviral, and antimicrobial properties. Many studies have
reported that the synergistic combination of essential oils (EOs), and conventional antimicrobial agents is an
effective solution for developing preparations with increased antimicrobial properties and low toxicity to the
organism. The present study aims to evaluate the antimicrobial activity of thyme essential oil and standard
antibiotics combination against Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae. The
essential oil was analyzed using gas chromatography coupled with mass spectrometry (GC-MS). The analysis
of the essential oil of Thymus vulgaris revealed the main components to be thymol (45.74%), p-cymene
(21.05%), y-terpinene (12.37%). For S. aureus, we combined thyme essential oil (TEO) with penicillin (P),
cefoxitin (FOX), erythromycin (ERY), gentamicin (GEN), and tetracycline (TET), and we combined Escherichia
coli and Klebsiella pneumoniae, respectively, with ampicillin, ceftriaxone, meropenem, ciprofloxacin and
gentamicin, as suggested by EUCAST, 2024.

TEO showed in vitro antibacterial activity against all tested bacterial strains and increased the antimicrobial
activity of the tested antibiotics. For all tested combinations of TEO with antibiotics against S. aureus (penicillin,
cefoxitin, erythromycin, gentamicin and tetracycline), an increase in the zone of inhibition was observed in a
large part of the strains - respectively P-TEO in 3/6 strains, FOX-TEQ in 5/ 6 strains, ERY-TEO
- 3/6 strains, GEN-TEO - 5/6 and TET-TEO — 4/6 strains of S. aureus. TEO also increased the antimicrobial
action of ampicillin, ceftriaxone, meropenem, ciprofloxacin and gentamycin against most of the Escherichia
coli and Klebsiella pneumoniae strains. The joint application of TEO and classic antibiotics can be one of
the ways to overcome the development of bacterial resistance and side effects of the antibiotic preparations
application.

Keywords: antimicrobial effects, antibiotics, thymus essential oil, combination
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compared to synthetic essential oils (EOs) due to
their strong and broad-spectrum action against
microorganisms, their relative safety for humans,
and undetermined (so far) microbial resistance to
their components [6, 7], therefore they may help in
limiting antibiotic resistance. The action mechanism
of EOs has been reported in detail in the scientific
literature including bacterial cell wall degradation,
enzyme and membrane protein destruction, and cell
contents leakage after disruption of the cytoplasmic
membrane. Therefore, positive effects against
bacteria may occur with joint implementation of
antibiotics and EOs [8, 9].

Many studies have reported that the synergistic
combination of EOs with  conventional
antimicrobials is an effective solution for developing
preparations with increased antimicrobial properties
and low toxicity to the microorganisms [7].

One of them is thyme essential oil (TEO),
obtained from the plant Thymus vulgaris L.
belonging to the genus Thymus (thyme) which
consists of about 215 species of herbaceous
perennials and shrubs. Thymus vulgaris L. is a low-
growing herbaceous plant native to Southern Europe
and for centuries widely used as herbal tea, spice,
perfume, and insecticide [10]. The EOs of T.
vulgaris have antiseptic, antiviral, and antimicrobial
properties, and according to some studies [11], they
have a better antimicrobial effect on Gram-positive
strains. Other studies reported a higher antimicrobial
activity of TEO against Escherichia coli compared
to the tested Gram-positive strains [12, 13].

In our previous study [14], the antimicrobial
activity of two (for external and internal use)
commercial essential oils from Thymus vulgaris
against Staphylococcus aureus ATCC 29213 and
Escherichia coli ATCC 25922 was demonstrated.

The aim of the current study was to evaluate the
use of TEO to improve the effectiveness of the
standard antibiotics against S. aureus, E. coli, and K.
pneumoniae.

MATERIALS AND METHODS

The study was conducted at the Medical College
— Varna, Bulgaria. We used the statistical software
IBM SPSS, version 25, to present and analyze the
data.
Thyme essential oil

The thyme essential oil used in this study was
purchased from the commercial market and is 100%
pure with certified organic ingredients.

Gas chromatography-mass spectrometry

For the purposes of the analysis, the equipment
consisting of gas chromatograph 7890A, flame
ionization detector, and mass spectrometer 5975C
(Agilent Technologies) was used. A Stabilwax
column (Restek) with the following parameters was
employed: length 30 m, diameter 0.25 mm, and film
thickness 0.25 pum. The temperature program was as
follows: initial temperature 65°C, ramped to 170°C
at 1.5°C/min; total analysis time 70 min; injector and
detector temperatures 250°C, FID temperature:
250°C; carrier gas hydrogen with a flow rate of 0.8
ml/min; carrier gas helium with a flow rate of 0.8
ml/min; mass spectrometer scan range m/z = 40-
450; sample injection volume 1.0 pl in split mode
100:1. The compounds were identified by
comparing the retention times and Kovats retention
indices (RI) with those of standard substances and
mass spectral data from the NIST’08 (National
Institute of Standards and Technology, USA) and
Adams Libraries.

Tested bacterial strains

The antimicrobial activity of combinations
between antibiotics and TEO was studied against
Staphylococcus aureus, Escherichia coli, and
Klebsiella pneumoniae, presented in Table 1. Nine
of the tested strains were clinical isolates and three
were reference strains of microorganisms. The
bacterial strains were stored at -18°C in glycerol
medium in a microorganism bank at the Varna
Medical College.

Table 1. The strains of S. aureus, E. coli, and K.

pneumoniae tested in a study of the antimicrobial activity
of conventional antibiotics with TEO.

Clinical material/Source
throat swab

Bacterial species
Staphylococcus aureus

Staphylococcus aureus wound
Staphylococcus aureus wound
Staphylococcus aureus wound
Staphylococcus aureus wound

Staphylococcus reference strain

aureus ATCC 29213

Esherichia coli urine
Esherichia coli urine
Esherichia coli reference strain
ATCC25922

Klebsiella pneumoniae sputum
Klebsiella pneumoniae wound

Klebsiella reference strain

ATCC13883

pneumoniae

For the purposes of the research in this work, they
were cultured initially in brain heart infusion broth
for 24 h and then on blood agar for another 24 h. The
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referent strains were provided from MicroSwap,
Ridacom, Bulgaria.

Antimicrobial activity evaluation test

The antimicrobial activity of antibiotic
combinations with TEO was investigated by the
Kirby-Bauer disk diffusion test [15]. The action of
each of the studied antimicrobial agents was tested
separately. The antibiotics selection against each of
the test strains, presented in Table 1, was made
according to the EUCAST, 2024 instructions
(NCIPD, 2024) [16].

Standardized bacterial culture was prepared (0.5
MF) and spread on the surface of Mueller-Hinton
agar media (HiMedia, provided by Ridacom,
Bulgaria). We previously prepared a stock solution
of 2.5% (v/v) TEO in DMSO (1% (v/v)). After that,
in each culture medium with the culture of the
corresponding microbe, three disks (d=6 mm) in the
following combinations and concentrations of active
agents were added:

e  Disc soaked in 100 ul of 2.5% (v/v) TEO,;

e  Factory-prepared antibiotic disk in
concentration according to EUCAST, 2024 standards;

e A second identical antibiotic disk additionally
soaked in 100 pl of 2.5% (v/v) TEO.

Controls were set for the solvent used to prepare
suspensions for the active substances — DMSO. All
samples were triplicated, after which, we incubated
the nutrient media for 24 h at 37°C. The obtained
inhibition zones were measured in mm and
compared to each other; for all antibiotics, results
were determined for their effect on the respective
microbe: S — sensitive or R — resistant, following the
EUCAST, 2024 instructions [16].

A list of antibiotics included in the study is
presented in Table 2.

Table 2. List of antibiotics studied

Antibiotics Abbreviation Chemical Family
(ATBs)
penicillin G P penicillins
cefoxitin FOX 2nd generation
cephalosporins
erythromycin E macrolides
gentamycin GEN aminoglycosides
tetracyclin TET tetracyclines
ampicillin A aminopenicillins
ceftriaxone CRO 3rd generation
cephalosporin
meropenem MEM carbapenems
ciprofloxacin CIP quinolones
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Statistical analysis

The statistical software IBM SPSS Statistics 25
was used to present and analyze the data. A Paired
samples t-test was applied to investigate whether
there was a statistically significant difference
between the mean antimicrobial effects of
antibiotics and of the combination of TEO with
antibiotics. We used the level of significance for the
2-tailed test a. = 0,05.

RESULTS AND DISCUSSION

The chemical components of TEO, which were
identified, are reported in Table 3. 24 components
were identified in the Thyme EOQ representing 99.7%
of the total, the major components being thymol
(45.74%), p-cymene (21.05%), y-terpinene
(12.37%).

Table 3. Chemical composition of Thymus vulgaris
essential oil.

No. Retention % of total
Compound time (min) | ion current
Thyme EO

1. a-Thujene 9.11 1.34
2. a-Pinene 9.32 1.26
3. Camphene 9.84 1.11
4. B-Pinene 10.75 0.15
5. 1-Octen-3-ol 10.97 0.20
6. B-Myrcene 11.23 0.88
7. a-Terpinene 12.06 1.13
8. p-Cymene 12.31 21.05
9. Limonene 12.47 0.50
10. y-Terpinene 13.41 12.37
11. Sabinene hydrate 13.79 0.57
12. B-Linalool 14.74 2.03
13. Camphor 16.12 1.01
14. Borneol 16.90 1.79
15. Terpinen-4-ol 17.16 0.87
16. Thymol methyl 18.58 0.14

ether
17. Carvacrol, methyl 18.84 1.33

ether
18. Bornyl acetate 20.20 0.66
19.Thymol 20.37 45.74
20. Carvacrol 20.75 2.01
21.B-Caryophyllene 23.77 2.79
22.y-Cadinene 26.07 0.12
23. 6-Cadinene 26.19 0.18
24. Caryophyllene 27.73 0.48

oxide
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Table 4. Antimicrobial activity of combining TEO with conventional antibiotics against S. aureus, Escherichia coli,
and Klebsiella pneumoniae tested by disk-diffusion method (diameter of inhibition zones - mm).

Bacterial strain TEO P P+ FOX | FOX+ | ERY | ERY+ | GEN | GEN+ | TET | TET+
TEO TEO TEO TEO TEO
EUCAST, 2024 S>18 S>27 S>21 S>18 S>22
R<18 R<27 R<21 R<18 R<22
S. aureus 1 15 16 18 16 18 28 26 28 34 14 18
S. aureus 2 16 14 16 18 19 28 28 26 30 12 18
S. aureus 3 17 26 26 28 29 24 26 20 22 22 22
S. aureus 4 19 28 28 29 32 24 29 20 22 26 28
S. aureus 5 19 30 30 30 30 26 26 26 30 26 28
S. aureus ATCC 20 19 20 28 30 35 37 44 44 35 35
29213
Bacterial strain A A+ CRO | CRO+ | MEM | MEM+ | CIP CIP+ | GEN | GEN+
TEO TEO TEO TEO TEO
EUCAST, 2024 S>14 S>25 S>22 S>25 S>17
R<14 R<22 R<16 R<22 R<17
E.colil 21 12 17 20 26 32 35 16 16 12 24
E. coli 2 20 12 26 20 29 34 37 14 22 18 26
E. coli ATCC 23 12 32 34 39 38 42 45 49 25 34
25922
K. pneumoniae 1 18 15 24 24 35 37 19 23 22 22
K. pneumoniae 2 17 16 22 27 35 38 29 30 22 23
K. pneumoniae 20 14 21 35 35 38 42 45 45 25 25
ATCC 13883

TEO — Thyme essential oil; P - penicillin G; FOX — cefoxitin; ERY — erythromycin; GEN — gentamycin; TET —
tetracyclin; A —ampicillin; CRO — ceftriaxone; MEM — meropenem; CIP — ciprofloxacin.

Table 4 shows the effect of TEO on the
antibacterial action of antibiotics for clinical use.
The influence of TEO on the antibacterial power of
the antibiotics used on the tested strains of
microorganisms can be determined by comparing
the diameters of the inhibition zones provoked from
the antimicrobial agents alone and in combination
with essential oils. In our study, the reference strain
Escherichia coli ATCC25922 was the most sensitive
to TEO, showing the largest (23 mm) zone of
inhibition. TEO demonstrated stronger inhibitory
effects against E. coli and weaker against S. aureus.

In the study, we investigated the antimicrobial
effects of combining TEO with antibiotics using
agar media techniques. The greatest increase in the
zone of growth inhibition in S. aureus was observed
with the combined use of TET-TEO (up to 6 mm)
(p=0.058, t=-2.445) and ERY-TEO (5 mm)
(p=0.287, t=-1.190, CI [-3.687-1.353]). In the
remaining three combinations of TEO with
penicillin (P), cefoxitin (FOX) and gentamycin
(GEN), an increase in the zone of inhibition was also
observed in a large proportion of strains -
respectively P-TEO in 3/6 strains (p=0.093, t=-

2.076), FOX-TEO in 5/6 strains (p=0.017, t=-3.503)
and GEN-TEO - 5/6 strains (p=0,017, t=-3.503).

The zone of growth inhibition of tested E. coli
increased between 3 and 20 mm in almost all studied
combinations. Two strains of E. coli were resistant
to ceftriaxone, but when it was combined with TEO,
the growth inhibition zones increased to 26-29 mm.
Studies were conducted on the synergistic
interactions of active components of thyme essential
oil, but we did not find any other studies conducted
that investigated the interaction of TEO with
different antibiotic groups.

In Klebsiella pneumoniae, administration of a
combination of ampicillin and TEO resulted in a
decrease in the zone of inhibition of neat oil,
possibly due to an antagonistic effect of ampicillin
on TEO (p=0.003, t=-5.508). In the combinations of
TEO with ceftriaxone (p=0.035, t=-2.879) and
gentamycin (p=0.069, t=-2.315), enhancement of
antimicrobial activities was reported in 1/3 strain
each, ciprofloxacine with TEO - 2/3 (p=0.077, t=-
2.221) and TEO combined with meropenem
(p=0.001, =-10,304) - 3/3 strains of K.
pneumoniae.
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DISCUSSION

Thyme essential oil is characterized by a high
concentration of thymol (45.74%), p-cymene
(21.05%), and y-terpinene (12.37%) (Table 3).
Through chemical composition analysis, we have
confirmed that the tested essential oil belongs to the
thymol chemotype. Similar findings have been
reported by other authors, who also classified their
thyme essential oil samples as belonging to the
thymol chemotype. Galovicova et al. observed a
thymol content comparable to that found in our
sample, at 48%. However, the levels of y-terpinene
and p-cymene were approximately half of those
observed in our analysis [17]. In a similar study, Al-
Asmari et al. identified the essential oil of T.
vulgaris as thymol-type, with furan (12.19%) and p-
cymene (2.78%) as additional key components [18].
The Food and Drug Administration (FDA)
recognizes thymol as safe for consumption, which
further supports its potential use as a natural
antimicrobial agent [19].

Thymol exhibits a broad range of
pharmacological properties including antioxidant,
anti-inflammatory, antimicrobial, analgesic, and
antitumor activities. Its antimicrobial action is
particularly notable, as it effectively inhibits the
growth of various pathogens, including Salmonella
spp. and Staphylococcus aureus, which are capable
of forming biofilms that enhance their adhesion to
surfaces. This ability poses a significant risk to food
safety, underscoring thymol's potential as an
effective agent against a variety of infectious
pathogens, in line with its FDA-approved safety for
consumption [20, 21].

There are numerous studies on the antimicrobial
activity of TEO against Gram-positive and Gram-
negative microorganisms [11-13]. The main
compounds in TEO are thymol and carvacrol, which
are active against Staphylococci, Streptococci, and
Salmonella sp. TEO has higher activity against E.
coli compared to Gram-positive microorganisms,
according to some studies [12, 13, 22, 23]. In our
study, the reference strain Escherichia coli
ATCC25922 was also the most sensitive to TEO,
showing the largest (23 mm) zone of inhibition and
smaller against S. aureus.

Investigating potential synergic interactions of
TEO with antibiotics against E. coli, the zone of
growth inhibition increased between 3 and 20 mm in
almost all tested combinations. Two strains of E. coli
were resistant to ceftriaxone, but when it was
combined with TEO, the growth inhibition zones
increased to 26-29 mm. In the study of Moussaoui
and Alaoui [24], a synergistic effect was observed
with a combination of Thymus willdenowii Boiss
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and gentamycin against E. coli. Another study by
Amassmoud et al. demonstrated a strong synergistic
effect between EO of T. broussonnetii and T.
pallidus and ciprofloxacin against S. aureus, S.
enterica, and E. coli [7].

Combining TEO with antibiotics, the greatest
increase in the zone of growth inhibition in S. aureus
was observed with the combined use of TET-TEO
and ERY-TEO. In a study conducted by Pancu et al.,
the positive influence of TEO in combination with
tetracycline against S. aureus was also found [25],
and Rosato et al. proved the synergistic effects
between gentamycin and TEO against S. aureus [9].
In the remaining three combinations of TEO with P,
FOX and GEN, an increase in the zone of inhibition
was also observed in most of the samples.

For Klebsiella pneumoniae, administration of a
combination of ampicillin and TEO resulted in a
decrease in the antimicrobial activity. This effect is
probably due to the innate resistance of Klebsiella
pneumoniae to ampicillin. In the combinations of
TEO with FOX, GEN and CIP, antimicrobial
activity enhancement was reported in 6 from 9
samples. Studies were conducted that investigate
synergistic interactions of individual active
components of thyme essential oil and antibiotics
against K. pneumoniae, but we did not find any other
studies that investigated the interaction of TEO with
different antibiotic groups.

CONCLUSION

The present study highlights the potential of TEO
to enhance the antimicrobial effects of conventional
antibiotics. The combination of TEO with
antibiotics exhibited a synergistic effect, indicating
that this approach may contribute to mitigating the
emerging issue of bacterial resistance and reducing
the adverse effects associated with antibiotic
therapies. Further investigation is warranted to fully
elucidate the therapeutic potential of TEO in
combination therapies and its broader clinical
applicability.
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This research aims to investigate the attitudes towards a healthy lifestyle among students aged 12-19 from two schools in

Varna. The healthy habits acquired in youth are key to maintaining good health in adulthood and old age. The research is
anonymous, questionnaire-based, and conducted electronically using a Google Form from September to October 2022. It
includes 125 students. The survey contains 28 questions related to various aspects of a healthy lifestyle - dietary habits, alcohol
consumption, smoking, and physical activity. The survey results have been processed in Excel and percentages have been
calculated. Regarding healthy eating, one of the criteria is the consumption of fruits and vegetables, which is reported by all
respondents. Fish is part of the menu for a minority, with only 19.2% including it in their weekly diet. Fatty meats such as pork
are preferred by 27.2% of students, while 56.8% prefer chicken meat. A significant percentage,
43.2%, consume alcohol, with 21.7% of them doing so daily. Smokers account for 21.6%. As for physical activity, the
results favor a healthy lifestyle. Actively participating in physical education and sports classes are 81.4% of students. The
study emphasizes the need for educational programs in schools related to the principles of nutritious eating and a healthy
lifestyle, avoiding bad eating habits, and the benefits of physical activity for our health.

Keywords: healthy lifestyle, healthy eating, dietary questionnaire, adolescents, school-aged students, nutrition, activities

INTRODUCTION

Adolescence, which spans the ages of 12 to 19, is
a critical period of growth and development.
Establishing healthy eating and lifestyle habits
during these years has a lasting impact on both
physical and mental health. The World Health
Organization (WHO) emphasizes the importance of
a balanced diet and active lifestyle for adolescents to
support their growth and cognitive development.
Proper nutrition and healthy habits formed during
adolescence can lay the foundation for a healthy
adult life. This stage of life is crucial for promoting
long-term health and well-being.

Many of the habits acquired during the teenage
years persist into adulthood. For example, alcohol
consumption and smoking habits developed during
adolescence are often carried into later life. The
likelihood of alcohol use in youth leading to
addiction in adulthood is particularly high [1].
Overweight and obesity are risk factors for the
development of various non-communicable
diseases, including diabetes, cardiovascular
diseases, and several types of cancer, as well as
premature mortality [2-5].

In many countries and regions, childhood obesity
is increasing [6,7]. If this trend continues, it is
projected that by 2025, 20% or more of children and
adolescents in over 30 countries around the world
will be obese [8].

* To whom all correspondence should be sent:
E-mail: Yordanka.Eneva@mu-varna.bg
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Healthy eating habits acquired during
adolescence are essential for maintaining those
habits throughout life [9]. Some chronic diseases
begin and progress specifically during this age [10].
For these reasons, young people need to acquire
healthy lifestyle habits during adolescence, which
are crucial determinants of their long-term health.
Motivated by this, we surveyed the approximate
percentage of children and adolescents aged 12 to 19
who attempt to live healthily in two schools in
Varna. The study was conducted as part of the
project “Healthy Lifestyle? But How and Since
When? Not Tomorrow, but Today and Now!”,
funded by the Municipality of Varna, Directorate of
Youth Activities and Sports.

METHODS AND MATERIALS
Objectives of the Study

The study was conducted as a survey to examine
the attitudes of school-aged students toward a
healthy lifestyle. The participants were students
from two schools in the city of Varna: the ,,Dr. Ivan
Bogorov* - Vocational High School of Economics
and seventh-grade students from the ,,Otets Paisiy* -
Primary School.

The main objectives of the study are:

e Calculating the percentage of participants
categorized as underweight, normal weight,
overweight, or at risk of obesity;

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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e Calculating the percentage of participants
categorized as underweight, normal weight,
overweight, or at risk of obesity;

®  Analysis of students’ dietary and physical
activity habits: Determining the frequency and
guality of meals, food preferences, and the level of
physical activity among youth aged 12-19;

e Assessment of the prevalence of harmful
habits: Investigating the frequency of alcohol
consumption, smoking, and the use of carbonated
drinks and unhealthy foods among young people;

e Formulating recommendations for future
research: Providing guidance on expanding the
scope of the study with larger samples and
conducting a more in-depth analysis of the factors
influencing students’ healthy lifestyles.

Procedures and Participants

The survey was conducted by high school and
medical students under the supervision of Senior
Assistant Professor Y. Eneva, in collaboration with
biology and computer science teachers from the "Dr.
Ivan Bogorov" Vocational High School of
Economics. It was administered using Google Forms
and was conducted anonymously. The survey took
place from September to October 2022 in an
electronic format. Participation was voluntary, with
125 students taking part. No incentives were offered
for participation. Consent for the anonymous use of
the survey results was obtained from both
participants and their parents or guardians.

The first two questions of the survey aimed to
determine the age and gender of the participants. The
results showed that 56% of the respondents were
girls and 44% were boys. The age distribution was
as follows: 72.8% were aged 16 to 19 years, while
27.2% were aged 12 to 15 years.

Determination of Body Mass Index (BMI) of the
Participants

The last two questions collected information on
the respondents’ height and weight to calculate their
Body Mass Index (BMI) [11]. BMI is a medico-
biological indicator used to assess healthy weight
relative to height and weight, and it helps diagnose
underweight, normal weight, overweight, and
obesity. Developed by Belgian sociologist and
statistician Adolphe Quetelet in 1869, BMI is
calculated using the formula:

BMI =,
where, BMI - Body Mass Index, W - weight (kg), h?

- height (m)

Socio-economic status and ethnic origin were not
subjects of our study, and questions related to these
topics were not included in the survey.

Questions on Healthy Lifestyle Behaviors

Through 24 questions, we gathered information
about the students' lifestyles. Twelve of these
questions focused on their eating habits and how
closely these align with healthy eating guidelines.
The questions included:

v" How many times a day do you eat?

v Do you eat between main meals?

v' What do you like to eat between main
meals?

v" How do you eat (e.g., sit-down meals, eat on
the go)?

v" Do you have breakfast?

v" How often do you consume sweets, fruits,
vegetables, fish, and seafood?

v" What do you prefer to eat during breaks?

v" What types of meat do you enjoy?

v Do you follow the rule of not eating 2 hours
before bed?

The next four questions focus on the use of
alcohol and carbonated beverages. While it is well
known that alcohol is highly detrimental to
adolescents, studies indicate that many teenagers
experiment with alcohol, sometimes frequently, and
may view it as prestigious. Early alcohol
consumption increases the risk of addiction in
adulthood. Therefore, we included the following
questions:

v" Do you drink alcohol?

v" How often do you drink alcohol?

Carbonated drinks are typically excluded from a
healthy lifestyle, so we aimed to assess their
prevalence in the daily lives of young people. To this
end, we included the following questions:

v Do you drink carbonated beverages?

v" How often do you drink carbonated
beverages?

Another harmful habit that often develops during
adolescence is smoking. To assess its prevalence
among teenagers, we included two questions in the
survey: “Do you smoke?” and “How often do you
smoke?” For those who responded affirmatively to
the first question, we also asked, “How many
cigarettes do you smoke per day?”.

An important indicator of a healthy lifestyle is
physical activity. To assess this aspect, we included
five questions in the survey:

v Do you actively participate in physical
education and sports classes?

v" How do you feel after physical education
and sports classes?
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v Do you play sports outside of physical
education and sports classes?

v" How often do you exercise?

v" Do you enjoy walking in nature?

Physical education and sports classes are
mandatory in the curriculum. The first question aims
to assess students' attitudes towards these classes,
while the second evaluates their impact — whether
they feel tired or stimulated and if they help them
relax. Many young people are active in sports,
engaging in activities such as going to the gym,
running, or playing tennis. The next two questions
are designed to determine the percentage of active
sports participants. Additionally, we included a
guestion about walking in nature to understand
students' attitudes towards this activity and its role in
relaxation and fresh air. Walking outdoors is
particularly important for a healthy lifestyle, as it
helps the body to relax and recover.

We processed the survey results using Microsoft
Excel, calculated the percentage for each response,
and created pie charts to visualize the data. The
results are presented in the figures.

Data Analysis

Using the data from the table, we determined the
percentage of participants in various weight
categories: 11.2% were overweight, 22.4% were
underweight, 2.4% were obese, and 64% were of
normal weight. These percentages are based on
survey responses and provide an estimate of the
participants' weight status. Further personal research
is needed to refine these results.

According to the WHO, over 340 million
children and adolescents aged 5-19 were overweight
or obese in 2016, underscoring the urgent need to
promote healthy eating habits and physical activity.
Additionally, iron deficiency anemia affects
approximately 25% of the global adolescent
population, which can hinder cognitive and physical
development.

A healthy lifestyle encompasses habits related to
nutrition, physical activity, rest, and stress reduction.
Proper nutrition is particularly crucial for
adolescents, as their bodies are developing and
growing, requiring adequate energy from food.
Healthy eating for adolescents involves:

v consuming wholesome and varied foods;

v ensuring sufficient intake of vegetables and
fruits;

v" limiting the consumption of fats, sugars, and
salts;

v drinking sufficient fluids.
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A varied diet is achieved by including at least one
item from each of the following main food groups in
the daily menu:

v' cereals and/or potatoes;

v' vegetables;

v’ fruits;

v" milk and dairy products;

v protein-rich foods such as meat, poultry,
fish, eggs, and legumes;

v added vegetable oils and/or dairy fat/butter.

Boys typically require more calories and higher
protein intake compared to girls. It is recommended
that their diet predominantly includes animal-based
proteins—such as milk, meat, fish, and eggs—since
these provide essential amino acids necessary for
growth.

In early childhood, individual energy and
nutritional needs vary based on factors like growth,
sex, health status, and others. Inadequate intake of
essential nutrients (proteins, calcium) and energy
can impair bone mineralization, growth, physical
activity, and resistance to infections.

After age 10, gender differences in bone structure
and muscle mass become more pronounced,
affecting energy requirements. For boys aged 10-14,
energy needs range from 1900 to 2350 kcal per day,
while for girls, the range is 1780 to 2180 kcal. For
adolescents aged 14-19, the energy requirements are
between 2820 and 3250 kcal for boys and 2000 to
2270 kcal for girls. The increased rate of growth
during this period heightens the body's need for both
structural and catalytic nutrients.

Leading nutrition experts recommend eating five
times daily, consisting of three main meals and two
snacks. The suggested distribution of energy intake
is as follows: breakfast should provide 20%, the
morning snack 2-5%, lunch 30-33%, the afternoon
snack 20%, and dinner 25%. Irregular eating
patterns, especially skipping breakfast, can
negatively impact children’s behavior, leading to
poorer concentration, increased distractibility, and
irritability. As shown in the diagram (Fig. 1), 34.4%
of respondents reported eating fewer than three times
a day, which does not align with healthy eating
principles. Additionally, 50.4% of respondents
reported that they eat slowly and seated, while the
remainder eat quickly, often in front of the computer,
while reading, or multitasking (Fig. 1). Eating more
than five times a day is reported by 3.2% of
respondents, while 4.8% eat five times a day, and
15.2% eat four times a day. Assuming that eating
five or more times a day is considered healthy, only
8% of adolescents adhere to this principle. If we
accept eating four times a day as a reasonable
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compromise, then 23.2% of adolescents follow this
healthier eating pattern. This indicates a need for
educational programs on healthy eating. It is
possible that those who reported eating more than
five times a day were also including snacks between
main meals, despite the survey question asking, "Do

How many times a day do you eat?
@ three times a day
@ four times a day
less than three times a day
® over 5 times a day

® 5times a day
34,4%

A)

Do you eat between the main meals?

® yes
® no

you eat anything between main meals?". To this
question, 78.4% of respondents indicated that they
like to snack, but only 32.4% of them choose fruit,
which is considered healthy (Fig. 1). The rest prefer
less healthy options.

How do you eat?
,
B)

® eating slowly while seated

® while you read or do
something

in front of the computer
® fast and on foot

If answered yes, what do you prefer to eat between the
meals?

37,3% .

® other

® fruit
sweets

® snacks

C)D)

Figure 1. Illustration of respondents' answers to the questions: A) “How many times a day do you eat?”’; B) “How do
you eat (e.g., sit-down meals, eat on the g0)?”; C) “Do you eat between main meals?”’; and D) “What do you like to eat

between main meals?”’

What do you prefer to eat during the break from the
options listed below?

® pizza
® other
sandwich
® snack
® something sweet
© fruit
® hot-dog
® yoghurt

A)

Do you eat breakfast?
® sometimes
@ always

no

C)

How often do you eat sweets?

B)

Do you follow the rule of hot eating 2 hours before bed?

D)

® on special
occasions

® every day

idon't like sweets

@ no
® yes

Figure 2. Illustration of respondents’ answers to the questions: A) “What do you prefer to eat during breaks?”; B)
“How often do you eat sweets?”; C) “Do you have breakfast?”’; and D) “Do you follow the rule of not eating 2 hours

before bed?”.
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To further explore eating habits, we asked, “What
do you like to eat during breaks from the list below?”
The results show that only 9.6% choose fruit, and
18.4% choose milk; the rest prefer items like pizza,
sandwiches, breakfast foods, sweets, hot dogs, or
other options (Fig. 2). Sweets are particularly
popular, with 56.8% of students consuming them
daily and 32.8% consuming them occasionally. The
remaining 10.4% do not like sweets (Fig. 2). It is
important to note that sweets and products with
added sugars are not part of a healthy diet.
Carbohydrates [12] should make up about 45-65%
of an adolescent's daily caloric intake, serving as the
primary energy source necessary for physical
activity and brain function. Complex carbohydrates
found in whole grains, fruits, and vegetables are
preferable to simple carbohydrates because they
provide sustained energy and are rich in dietary
fiber. For instance, 100 grams of brown rice or
oatmeal can offer substantial energy while
supporting digestive health. Simple carbohydrates,
such as those in sweet snacks and drinks, should be
limited, as excessive consumption can lead to
resistance changes, allergic reactions, dental caries,
and obesity. The WHO recommends a daily intake
of at least 400 grams of vegetables and fruits and at
least 25 grams of fiber for individuals aged 10 and
older.

Breakfast is one of the main meals of the day, yet
only 39.2% of respondents report eating it regularly
(Fig. 2). While eating breakfast is important, the

How often do you eat fruits?

A)

How often do you consume fish and seafood?

® every day
month

week

@ once a week
® i don't
once or twice a month

576%

©)

@ once or twice a

once or twice a

D)

nutritional quality of the breakfast is also crucial,
however, the survey did not include questions about
the specifics of breakfast consumption. Another
healthy principle is to avoid going to bed within two
hours of eating, but 60.8% of students do not follow
this guideline, meaning only 39.2% adhere to it (Fig.
2). Eating right before bed can lead to calorie storage
around the waist, as the body metabolizes food more
slowly and stores unprocessed food as fat.
Additionally, this practice can impair the absorption
of essential micronutrients, such as vitamins and
minerals (e.g., vitamins B and D, iron, selenium,
zinc, and chromium), leading to deficiencies that
further slow down metabolism [13]. On the other
hand, recent research [14] suggests that the effects of
late eating, which refers to having dinner 1 hour
before bedtime in the context of the study, may not
be universally negative, particularly in healthy
individuals, while traditional advice often
recommends avoiding food close to bedtime to
prevent impaired sleep quality. However, individual
responses can vary, and factors such as the type of
food consumed and personal health conditions
should also be considered.

What teenagers consume — such as fruits,
vegetables, fish, and seafood — along with their
preferred types of meat, are key indicators of healthy
eating. According to the survey, 45.6% of
respondents eat fruit daily, and 67.2% consume
vegetables daily (Fig. 3).

How often do you eat vegetables?

e

What meat do you love eating?

® sometimes

® every day

B)

® pork
® beef
chicken
® rabbit meat
® idont love meat

56.,8%

Figure 3. Illustration of respondents' answers to the questions: A) “How often do you eat fruits?”’; B) “How often do
you eat vegetables?”’; C) “How often do you consume fish and seafood?”’; and D) “What types of meat do you enjoy?”.
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Only 19.2% of respondents consume fish once a
week (Fig. 3). Fish is a well-known source of omega-
3 fatty acids and proteins, which are essential for
body growth. While fatty meats are not preferred,
27.2% of respondents favor pork, and 56.8% prefer
chicken. The percentage of those who prefer rabbit
or do not consume meat is very small—only 5.6% in
total (Fig. 3). Protein is crucial for muscle
development, tissue repair, and immune function.
Adolescents need approximately 0.85 grams of
protein per kilogram of body weight daily, which
equates to about 50-60 grams per day for most.
Protein sources should be varied and include lean
meats (e.g., 100 grams of chicken breast), fish, eggs
(one large egg contains around 6 grams of protein),
beans, lentils, nuts (e.g., 30 grams of almonds), and
dairy products. These foods not only provide the
necessary protein but also essential amino acids and
other nutrients that support overall growth and health
[15].

Healthy fats are essential for brain development,
hormone  production, and overall health,
contributing 25-35% of daily caloric intake.
Unsaturated fats, found in foods such as avocados,
nuts (e.g., 30g of walnuts), seeds, olive oil (one
tablespoon contains about 14g of fat), and oily fish
(e.g., 100g of salmon), are recommended. These fats
help  reduce inflammation and  support
cardiovascular health. In contrast, trans fats and
saturated fats, commonly found in processed foods,
should be limited, as they can increase the risk of
heart disease and other health problems.

Adequate intake of iron, calcium, and vitamins is
critical for adolescents. Iron is particularly important

Do you drink alcohol?

A)

B)

for preventing anemia and aiding oxygen transport.
According to the WHO iron deficiency anemia
affects approximately 25% of the global adolescent
population, which can hinder theire cognitive and
physical development. Girls, due to menstruation,
require about 15 mg of iron per day, while boys need
about 11 mg. Good sources of iron include 100 g of
red meat, poultry, fish, lentils, beans, and fortified
cereals. Calcium is essential for bone growth, with a
recommended intake of 1,300 mg per day. This can
be found in dairy products (e.g., one cup of milk
provides about 300 mg), cheese, yogurt, fortified
plant-based milk, and green leafy vegetables.
Vitamin D, which is necessary for calcium
absorption and bone health, should be consumed at
around 15 mcg per day. Sources include fatty fish
like salmon, fortified foods, and adequate sunlight
exposure.

The age range of 12-19 is particularly vulnerable.
Many lifelong habits are formed during this period,
and unfortunately, vices such as alcohol abuse and
smoking often begin at this age. WHO reports that in
developed countries, 47% of boys and 36% of girls
aged 15 consume alcohol more than once a week.
Alcohol consumption is frequently linked to
inadequate intake of certain vitamins and minerals,
with folate deficiency often associated with chronic
alcohol use. According to the survey results (Fig. 4),
43.2% of respondents reported drinking alcohol,
with 6.7% consuming it daily, 21.7% weekly, 11.7%
once or twice a month, and 60% only on occasion.
Alarmingly, 7.7% of those who drink alcohol
admitted to abusing it whenever they drank, and
29.9% had done so once or several times (Fig. 4).

How often do you drink alcohol?

® once a week

® on special
occasions

6.7%

every day

#® once or twice a
month

Have you ever excessively consumed alcohol (gotten drunk)?

C)

® ne
® yes, once

almost every
time

® yes, a couple of
times

Figure 4. Illustration of respondents' answers to the questions: A) “Do you drink alcohol?”; B) “How often do you
drink alcohol”; and C) “Have you ever excessively consumed alcohol?”.
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If answered yes, how often do you drink carbonated
Do you drink carbonated beverages? beverages?
@ yes ® once or twice a week
@® no @ every day
almost never
@ once or twice a month

® everytime i am thirsty

A) B)

If answered yes, how many cigarettes do you smoke a

9
Do you smoke? day?

)

Figure 5. Illustration of respondents' answers to the questions: A) “Do you drink carbonated beverages?”’; B) “How
often do you drink carbonated beverages?”; C) “Do you smoke?”’; and D) “How many cigarettes do you smoke per
day?”.

® no
® yes

® up to 10
® up to 15

up to 20
® over 20
®uptos

D)

Do you actively participate in physical education and
sports classes?

® yes
. .na
A)

Do you play sports outside of physical education and
sports classes?

® yes
. .no
)

Figure 6. Illustration of respondents' answers to the questions: A) “Do you actively participate in physical education
and sports classes?”’; B) “How do you feel after physical education and sports classes?”’; C) “Do you play sports outside
of physical education and sports classes”; and D) “How often do you exercise?”.

How do you feel after exercise?

@ very good

11,2% @ different every

time
exhausted

B)

How many times a week do you exercise?

© two times a week
@ every day
wheneveri can

® three times a
week

© once a week

D)

The consumption of carbonated drinks is also
unhealthy, yet 68.8% of respondents indicated a
preference for these beverages, with 10.3%
consuming them daily and 27.8% consuming them
only extremely rarely (Fig. 5). Carbonated
beverages, particularly those high in sugar, can
contribute to weight gain, tooth decay, and digestive
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issues such as bloating and acid reflux. Regular
consumption can increase the risk of chronic
diseases like type 2 diabetes, heart disease, and
osteoporosis, while also raising the likelihood of
kidney stones and dehydration [16].

Smoking during adolescence can lead to
addiction, respiratory issues, and an increased risk of
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chronic diseases such as lung cancer, heart disease,
and stroke. Around 90% of smokers begin before the
age of 18, and early initiation is linked to more
intense smoking habits and greater challenges in
quitting later in life.

To the question "Do you smoke?" 21.6% of
respondents answered Yes. Among the smokers,
35.7% limit themselves to up to 5 cigarettes a day,
17.9% smoke up to 10, 25% up to 15, 10.7% up to
20, and 10.7% smoke more than 20 cigarettes a day,
which is extremely harmful to their health (Fig. 5).
Despite the inclusion of smoking-related questions
in educational programs, the survey shows that over
20% of respondents still smoke. Preventive
strategies should focus on educating adolescents
about the health risks, enforcing smoke-free policies,
and reducing access to tobacco products. By raising
awareness of the dangers of smoking and fostering a
supportive environment, we can help reduce
smoking initiation and promote healthier choices.

In terms of physical activity, the results are
encouraging. Young people enjoy participating in
sports. A significant 82% of respondents are actively
involved in physical education and sports classes,
and 54.9% report feeling very good afterward (Fig.
6). 64.8% of respondents identify as actively
exercising outside of class, with 42.5% of them
claiming to exercise daily (Fig. 6). The final question
related to physical activity asks, "Do you enjoy
walking in nature?" An impressive 93.6% responded
positively. According to WHO, at least 60 minutes
of moderate to vigorous physical activity daily is
recommended. This can include sports, walking,
cycling, running, swimming, and more. Regular
exercise helps maintain a healthy weight, improves
cardiovascular health, strengthens bones and
muscles, and promotes mental well-being.

The analysis shows that the respondents' physical
activity habits align more closely with the principles
of a healthy lifestyle than their eating habits, which
are concerning. Although some students exhibit an
understanding of the principles of healthy living,
their practical application in everyday life is limited.
Factors such as insufficient knowledge, social
influences, and the availability of unhealthy food
options act as significant barriers to developing
sustainable healthy habits. Additionally, physical
activity, although widely practiced, needs to be
paired with healthier dietary choices to ensure
comprehensive well-being. To address these
challenges, future efforts should focus on:

Educational programs: Implementing initiatives
to raise awareness about the importance of regular,
balanced meals and the health risks associated with
harmful habits.

School interventions: Ensuring access to healthy
food options in school cafeterias and creating
environments that promote mindful eating.

Targeted research: Conduct detailed studies to
explore the reasons behind irregular eating patterns,
preferences for unhealthy foods, and the relationship
between physical activity and nutrition.

Motivational strategies: Develop programs to
foster intrinsic motivation for adopting and
maintaining a healthy lifestyle among students.

Teacher training: Equipping educators with
effective methods to teach health-related topics and
instill lifelong healthy habits in students.

CONCLUSION

The study on attitudes toward a healthy lifestyle
among students from two schools in Varna
highlights a mixture of positive and concerning
trends. While certain practices reflect awareness of
healthful habits, others underscore significant gaps
that require targeted interventions to encourage
healthier behaviors.

Positive trends among the students include:

v" A high percentage of students (82%)
actively participate in physical education and sports,
demonstrating an understanding of the importance of
physical activity for their well-being.

v Daily consumption of vegetables (67.2%)
and fruits (45.6%) by many students shows a basic
awareness of the role of these foods in a healthy diet.

v" A majority of students (56.8%) prefer
chicken, reflecting some inclination toward healthier
protein choices.

Areas of concern involve:

v Unhealthy dietary habits: Many students
regularly consume unhealthy foods such as sweets
(56.8% daily) and carbonated drinks (68.8% daily),
while only 19.2% consume fish  weekly.
Additionally, 34.4% of students eat fewer than three
meals a day, and only 39.2% have breakfast
regularly, highlighting irregular and unbalanced
eating patterns.

v" Social and structural barriers: The lack of
healthy food options in school cafeterias and the
preference for fast food hinder efforts to establish
better habits. Furthermore, only half of the students
take adequate time to eat, often opting for quick and
less mindful meals.

v" Harmful habits: High levels of alcohol
consumption (43.2%) and smoking (21.6%) among
students emphasize the need for comprehensive
health education and prevention programs.
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Studies involving a larger, more representative

sample of adolescents are necessary to draw more
definitive conclusions. The findings from this study
were used to develop project-based, non-formal
education programs focused on promoting a healthy
lifestyle among the participating students. The
effectiveness of these programs will be the subject
of future research.

Acknowledgement: The study is conducted under
project D22001046VN/ 8, 2022.
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Stroke is one of the leading causes of morbidity and mortality worldwide, and secondary prevention, including dietary
modifications and a healthy lifestyle, is essential to reduce the risk of recurrence. This study evaluates the effectiveness of
ChatGPT, an artificial intelligence model, in creating personalized dietary plans for secondary stroke prevention. Patient data,
including vital signs and biomarkers, belong to the ambulatory patients, who have been treated at the First Neurology Clinic at
the University Hospital St. Marina in Varna, Bulgaria. Five patients with a history of ischemic stroke were selected based on
age (less than 65 years), minimal comorbidity, and no prior stroke incidents. Based on data from their scans, ChatGPT
generated personalized seven-day, five-meal-a-day diet plans for each patient, providing accurate data on the amount of food,
calories, protein, carbohydrates, fat, and fiber in each meal. The plans were evaluated against the principles of the
Mediterranean diet, DASH, and the European Food Pyramid using the Alternative Healthy Eating Index 2010, which
emphasizes food groups associated with reducing the risk of chronic diseases. ChatGPT-generated diets are tailored to
patients' medical needs, but further studies with larger numbers of participants are needed for full personalization. The plans
are healthy and provide an adequate intake of energy (1800-2000 kcal), protein (70-90 g), carbohydrates (200-250 g), fat

(60-70 g), fiber (25-35 g), vitamins, and minerals.

Keywords: stroke, meal plans, secondary prevention, ChatGPT, personalized nutrition

INTRODUCTION

Stroke is one of the leading causes of morbidity,
mortality, and disability worldwide [1-4]. According
to the World Health Organization (WHO), about 15
million people have a stroke each year; five million
die, and another five million are left permanently
disabled [5]. The Stroke Action Plan for Europe
(SAP-E) 2018-2030 has been developed for stroke
prevention [6]. Stroke survivors are a high-risk
group, and for them, a healthy lifestyle is a key
strategy for effective secondary prevention. It is
recommended that they follow these basic
principles: healthy eating, regular physical activity,
spiritual relaxation, and adequate rest. Their diet
should include low salt, potassium-rich foods, plenty
of vegetables and fruits, whole grains, unsaturated
fats, moderate fish consumption, and a low intake of
lean meats [7, 8].

In such cases, the Mediterranean diet [9], Dietary
Approaches to Stop Hypertension (DASH) [10], and
diets that emphasize the intake of more fruits and
vegetables, whole grains, plant-based proteins, and
lean meats are strongly recommended [11, 12]. The
Healthy Eating Pyramid also organizes the
principles of a balanced diet. These three approaches

* To whom all correspondence should be sent:
E-mail: Yordanka.Eneva@mu-varna.bg

are used to assess the overall quality of a diet [10,
12, 13]. Another assessment approach is the Healthy
Eating Index (HEI) [14] and the Alternative Healthy
Eating Index (AHEI) [15], both developed to
evaluate the nutritional quality of diets in American
citizens. AHEI emphasizes food groups and
ingredients directly linked to reducing the risk of
chronic diseases such as heart disease, type 2
diabetes, and cancer. Studies indicate that the impact
of diet on disease occurrence can also vary based on
gender [15-17].

Stroke is a life-threatening condition, and the role
of diet in its prevention is the focus of extensive
research  [18-20]. For effective secondary
prevention, national stroke plans are essential. These
plans should include patient follow-up, access to key
preventive strategies for a healthy lifestyle, and
prescription medications such as antihypertensives,
lipid-lowering agents, antiplatelets, anticoagulants,
oral hypoglycemic agents, and insulin. Secondary
prevention strategies also encompass physical
activity, a healthy diet, limited or safe alcohol
consumption, smoking cessation, and management
of mood and psychological stress [21].

The integration of artificial intelligence (Al) into
our daily lives enables consultations on a variety of

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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issues, including health. Al has the potential to
provide relevant information related to nutrition,
identify causes of diseases such as cardiovascular
conditions, diabetes, cancer, and obesity, and offer
guidance on potential treatments [22]. However, it
always recommends consulting a doctor. Numerous
studies [23-27] have evaluated the capabilities of
ChatGPT and other Al models in medicine, although
research in this area is still developing. Based on
this, we aim to investigate and assess ChatGPT-4’s
ability to create personalized dietary plans for
secondary stroke prevention.

MATERIALS AND METHODS

The study began with a review of published
research on the impact of healthy diets on the
secondary prevention of stroke. We searched
Scopus, Web of Science, PubMed, and Google
Scholar databases using the keywords "healthy diet
and stroke." The review indicated that a healthy diet
positively affects stroke survivors in secondary
prevention. We then explored the role of artificial
intelligence in nutrition using the keywords nutrition
and Al. We found that Al is primarily used to
evaluate dietary plans, while areas such as designing
personalized plans, predicting malnutrition, and
understanding the relationship between nutrition and
disease are less developed. The evaluation of
customized diet plans by ChatGPT is still in
progress. To appropriately assess the generated
diets, we continued our study using the keywords
dietary plans and assessment. We selected the
Mediterranean diet, Dietary Approaches to Stop
Hypertension (DASH), the European Food Pyramid,
and the Alternative Healthy Eating Index (AHEI) for
comparison and evaluation.

For the study, we selected data from five
ambulatory patients with a history of ischemic
stroke, who have been treated at the First Neurology
Clinic at the University Hospital St. Marina in
Varna, Bulgaria. We selected patients based on the
following criteria:

e  Age under 65 years;

e No gender discrimination — both men and

women;

e  History of ischemic stroke;

e  Minimal number of concomitant diseases;

e  First stroke for each patient.

ChatGPT was used to generate personalized
seven-day diet plans by inputting the data and test
results (Table 1) for each patient and requesting a
seven-day healthy menu with five meals per day.

For each food item included in the menu, we
required the following information: quantity in
grams or number of servings, energy contribution in
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calories, and the amounts of protein, carbohydrates,
fat, and fiber in grams. The menu was tabulated, and
a brief analysis of the nutritional content of the diet
plans was conducted to ensure they met the patients'
nutritional needs. The Al-generated menus are
presented in Table 2. They were compared against
the criteria of healthy diets — Mediterranean, DASH,
and the European Food Pyramid. For clarity, the
menus were evaluated according to the AHEI 2010
criteria (Table 3). The AHEI provides a more precise
and current assessment of dietary patterns,
emphasizing food groups and ingredients that
directly reduce the risk of chronic diseases such as
heart disease, type 2 diabetes, and cancer. The meal
plans were assessed for energy intake, nutrient
accuracy, and meal variability. Each food item was
scored from 0 to 10 based on its quantity and
servings. The scores were statistically analyzed
using Microsoft Excel, and the results are illustrated
in graphs (Figs. 1, 2).

DISCUSSION

In ChatGPT, we input some of the patients' health
status indicators (Table 1) and requested a seven-day
healthy diet plan, including five meals per day. As
shown in the table, the patients range in age from 45
to 63 years, with three men and two women. All
patients have experienced an ischemic stroke.
Patient 2 has an accompanying condition of Type 2
diabetes, and Patient 4 is a heavy smoker; the
remaining three patients have no reported
accompanying diseases. All patients have higher-
than-normal blood pressure. Heart rate data is
available only for patients 1 and 2, while the data for
the other patients are not reported. One indicator,
CRP (C-reactive protein), as shown in Table 1, was
within the normal range only for patient 3, while in
the other patients, it was elevated. Elevated CRP
levels can indicate an increased risk of
cardiovascular  disease  [29], inflammatory
conditions such as rheumatoid arthritis and Crohn's
disease, and various infections. These levels can
often be regulated through diet and exercise if the
patient is able [30-32]. Foods with antioxidant
properties, such as fruits and vegetables, and those
rich in vitamin C, such as citrus fruits, can help
reduce and prevent inflammation and lower CRP
levels.

Additionally, foods high in omega-3 fatty acids,
such as fatty fish (e.g., salmon, mackerel, sardines),
certain vegetable fats found in avocados and olive
oil, nuts (e.g., almonds, walnuts), and seeds (e.g.,
chia, flaxseed) also help reduce inflammation [33].
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Table 1. Patient information entered into the ChatGPT

Patient Ne 1 2 3 4 5 Normal Range
Age 63 52 49 45 54 -
Gender Female Female Female Male Male -

Ischemic stroke |lschemic stroke |Ischemic stroke |[Ischemic stroke in |Ischemic stroke

in the in the in the the territory of the [in the
Final vertebrobasilar |vertebrobasilar |vertebrobasilar |(left middle vertebrobasilar
Diagnosis system system system cerebral artery system -

Use of one pack

Accompanyin Type 2 Diabetes of cigarettes per
g Diseases None Mellitus Not reported day Not reported -
Arterial 90/60 - 120/80
Pressure 160/95 130/70 130/80 140/90 130/80 mmHg
Heart Rate 98/min 78/min Not reported Not reported Not reported 60-100 beats/min
CRP 6.25 mg/l 13,9 mg/l 0,60 mg/l 7.72 mg/l 9,3 mg/l 0.0-5.0 mg/I
HDL 1.35 mmol/Il Not reported Not reported 1.12 mmol/Il 1,09 mmol/Il 1.0-1.6 mmol/Il
LDL 4.53 mmol/l Not reported Not reported 3.80 mmol/l 4,46 mmol/l 0-2.6 mmol/I
ALT 98.4 U/ 69 U/ 19,2 U/ 14.0 U/l 90 U/I 10-49 U/I
AST 74.4 U/l 52 U/l 21 U/l 19.8 U/l 92 U/l 0-34 U/
Glucose 6.4 mmol/l 8,6 mmol/l 9,3 mmol/l 6.0 mmol/I 6,9 mmol/l 4.1-5.9 mmol/l
Creatinine 72 memol/l 56 mcmol/Il 61 mcmol/l 99 mcmol/I 65 mcmol/I 62-115 pmol/I
Triglycerides |2.62 mmol/I 4,49 mmol/l 3,38 mmol/I 1.35 mmol/I 3,02 mmol/l 0-1.7 mmol/Il
Urea 12.7 mmol/l 4,7 mmol/l 5,1 mmol/l 5.6 mmol/I 4,9 mmol/Il 3.2-8.2 mmol/l
Cholesterol  |7.07 mmol/Il 5,30 mmol/l 7,69 mmol/I 5.53 mmol/Il 6,94 mmol/l 2.70-5.20 mmol/I
Sodium 141 mmol/l 142 mmol/l 140 mmol/Il 138 mmol/I 138 mmol/I 132-146 mmol/l
Potassium 3.8 mmol/l 4,5 mmol/l 4,0 mmol/l 3.6 mmol/I 4,3 mmol/l 3.50-5.50 mmol/I
Chloride 99 mmol/l 104 mmol/l 100 mmol/l 100 mmol/I 99 mmol/l 99-109 mmol/l
Fiber and plant-protein-rich legumes (e.g., includes the aforementioned foods, which contribute

lentils, beans, chickpeas) and whole grains (e.g.,
oats, brown rice, quinoa) contribute to reducing
inflammatory processes. Due to their beneficial
effects, these foods are recommended by doctors and
are included daily in the generated diets, suggesting
that ChatGPT has adhered to this criterion.

Another important indicator is HDL (high-
density lipoprotein), often referred to as "good"
cholesterol. HDL's role is to transport cholesterol
from the blood to the liver, where it is broken down
and eliminated from the body. This process helps
remove accumulated plaques from the arterial walls
in atherosclerosis, thereby reducing the risk of heart
attacks and strokes. Consequently, HDL is
considered a "cleaner" of the blood vessels. Foods
that help increase HDL levels include omega-3 fatty
acids found in fish, flaxseeds, chia seeds, nuts, and
olive oil. These foods are an essential part of the
menu recommended by ChatGPT. For patients 2 and
3, there are no data on HDL levels, but for the other
patients, HDL levels are within the normal range,
though close to the lower limit (Table 1). The diet

to increasing HDL levels.

LDL (low-density lipoprotein), often referred to
as "bad" cholesterol, also transports cholesterol in
the blood. However, high levels of LDL lead to
cholesterol buildup in artery walls, forming plaques
that narrow the arteries (atherosclerosis) and
increase the risk of heart disease and stroke. Table 1
indicates that LDL data are missing for two patients,
while for patients 1, 4, and 5, LDL levels are above
the permissible values. To regulate LDL, it is
important to avoid foods high in saturated fats (such
as red meat, full-fat dairy products, and processed
foods), increase the consumption of foods rich in
omega-3 fatty acids, and eat more fiber-rich foods
(such as oats, legumes, fruits, and vegetables).
Avoiding smoking, maintaining a normal weight,
engaging in aerobic exercise (such as walking,
running, or swimming), and managing stress through
methods like meditation, yoga, or deep breathing can
also be beneficial. Table 2 shows that fish, which is
high in omega-3 fatty acids, is frequently
recommended in the dietary plan, likely due to the
elevated LDL levels.
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ALT (alanine aminotransferase) is an enzyme
primarily found in the liver and plays a crucial role
in amino acid metabolism. Elevated levels of ALT
in the blood can indicate liver damage or disease,
such as hepatitis, cirrhosis, alcohol-related damage,
use of hepatotoxic drugs, muscle damage, or other
conditions. Normal ALT levels in adults range from
7 to 56 U/L (units per liter). To regulate ALT levels,
a healthy diet is essential, including avoiding
alcohol, consuming foods rich in antioxidants,
steering clear of saturated fats and processed foods,
achieving weight loss, and engaging in physical
activity. Nutritional supplements such as vitamin E
and silymarin (milk thistle extract) are known for
their liver-protective properties and may help lower
ALT levels. Table 1 shows that ALT levels were
within the normal range for patients 3 and 4, while
the remaining three patients had elevated levels.
These patients require a healthy diet and appropriate
physical activity to manage their condition.

Another liver indicator used in the study is AST
(aspartate aminotransferase), an enzyme found in
various tissues of the body, including the liver, heart,
muscles, kidneys, and brain. Its primary role is to
support amino acid metabolism. Normal levels of
AST in adults range from 10 to 40 U/L (units per
liter). Table 1 shows that AST levels are within the
normal range for patients 3 and 4, while the levels
are elevated in the other patients. Regulating AST
levels involves maintaining a healthy diet that
includes antioxidant-rich foods, omega-3 fatty acids,
and limiting alcohol intake. It is also important to
avoid hepatotoxic drugs, manage chronic conditions
such as diabetes or metabolic syndrome, and
consider antioxidant supplements like silymarin
(under medical supervision). Increasing physical
activity can also aid in regulating AST levels.

Glucose levels were elevated in all patients.
Normal glucose levels range from 4.1 to 5.9 mmol/L.
Patients should avoid simple carbohydrates, such as
sugar, sweets, and carbonated drinks. Table 2
indicates that these items are not included in the diet
plans. Instead, the diet should focus on complex
carbohydrates, such as whole grains, vegetables, and
legumes, which are broken down more slowly and
help maintain stable blood glucose levels. Eating
smaller portions more frequently, as in a five-meal-
a-day plan, is beneficial. Additionally, it is important
to consume an adequate amount of water to support
normal metabolic processes, which is currently
lacking in the diet plans and the analysis [34-41].

Creatinine levels were normal in all patients.
Creatinine is a byproduct of normal muscle
metabolism and plays a crucial role in energy
production within muscle cells. It is synthesized in
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the liver and kidneys and stored in the muscles.
During muscle activity, creatinine breaks down into
various metabolites, which are then excreted through
urine. Therefore, creatinine levels in the blood and
urine are important indicators of kidney function.

Triglyceride levels were within the normal range
only for patient 4; in all other patients, they were
elevated. Triglycerides are a type of fat (lipid) found
in the blood and serve as a primary energy source.
After eating, excess calories are converted into
triglycerides and stored in fat cells. These
triglycerides are used as an energy reserve to support
basic bodily functions and the absorption of fat-
soluble vitamins (A, D, E, and K). To manage
elevated triglyceride levels, it is essential to follow a
healthy diet, avoid sugar and sugary products,
engage in physical activity, and maintain a healthy
weight.

Urea levels were above normal only for patient 1.
Urea is a chemical compound produced in the liver
from ammonia, which is released during protein
breakdown. It is transported via the blood to the
kidneys, where it is filtered and excreted in urine.
Normal urea levels range from 3.2 to 8.2 mmol/L.
Elevated urea levels can indicate kidney disease,
dehydration, or excessive protein intake, while low
levels may suggest liver disease or malnutrition.
Urea plays a crucial role in detoxifying the body by
helping to eliminate waste products from nitrogen
metabolism.

All patients exhibited elevated cholesterol levels,
indicating hypercholesterolemia (high cholesterol).
Cholesterol is a type of lipid (fat) that plays a crucial
role in various bodily processes. Produced in the
liver, cholesterol is present in cell membranes, where
it helps maintain their structural integrity and is
essential for synthesizing hormones (such as
estrogen and testosterone), vitamin D, and bile acids
that aid in fat digestion. While the body produces
sufficient cholesterol, it is also obtained from dietary
sources, particularly animal products like meat,
eggs, and dairy. High cholesterol levels can be
managed through dietary changes and, if necessary,
cholesterol-lowering medications. In the
recommended diets, red meat, dairy products, and
eggs are included very cautiously (Table 2).

The levels of sodium, potassium, and chloride are
within the normal range for all patients. Sodium is
crucial for fluid regulation and maintaining normal
nerve and muscle function. Potassium supports
proper heart, muscle, and nervous system function.
Chloride helps maintain acid-base balance and
proper body hydration. Normal values of these
electrolytes indicate a well-balanced electrolyte
status in the patients.
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The analysis of health indicators highlights the
need for a healthy lifestyle among stroke survivors.
Recommended diets for stroke prevention
emphasize low salt intake and include more fruits,
vegetables, whole grains, legumes, seeds, nuts, low-
fat dairy products, and lean white meats. Conversely,

recommended. Following a stroke, dietary
intervention should be viewed as a crucial strategy
for preventing recurrence. Table 2 presents the diet
plans generated by ChatGPT, and it can be
concluded that these plans meet the criteria for
stroke prevention.

red and processed meats, sweets, and alcohol are not
Table 2. Diet plans generated by ChatGPT.

Days Meals Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Oatmeal (100g), fresh
Oatmeal (100g), fresh Whole grain cereal strawberries (100g), Oatmeal (100g), fresh Oatmeal (100g), fresh
berries (50g), ground (50g) with low-fat milk | chia seeds (1 tbsp), strawberries (50g), chia blueberries (50g), ground
flaxseed (15g), herbal (200ml), a small apple |green tea seeds (1 tbsp), herbal tea | flaxseed (1 thsp), herbal tea
Breakfast |tea (unsweetened) (100g) (unsweetened) (unsweetened) (unsweetened)
Morning |5 i
pple (150g), almonds | Carrot sticks (100g), Apple (150g), walnuts Orange (150g), almonds
snack (159) hummus (50g) Orange (1509) (10, 15g) (10, 15g)
Grilled chicken breast Grilled chicken breast Grilled chicken breast
(100g), quinoa salad Grilled chicken breast | Grilled chicken breast [(100g), quinoa salad with |(100g), quinoa salad with
1 with mixed vegetables  [(120g), quinoa salad (120g), mixed mixed vegetables (200g), |mixed vegetables (200g),
(200g), whole grain with mixed vegetables |vegetable salad (200g), [whole grain bread (1 slice, | whole grain bread (1 slice,
Lunch bread (30g) (200g) quinoa (100g) 309) 309)
Af Greek yogurt (150g), a
ternoon Low-fat yogurt (150g), |[Greek yogurt (150g), |handful of almonds Greek yogurt (150g), Greek yogurt (150g), mixed
snack walnuts (20g) mixed berries (509) (159) mixed berries (50g) berries (509)
Baked salmon (120g)
with lemon and dill, Baked salmon (120g) | Baked cod (150g), Baked salmon (120g) with [ Baked salmon (120g) with
steamed broccoli and with steamed broccoli | roasted Brussels lemon and dill, steamed  [lemon and dill, steamed
i carrots (200g), brown and carrots (200g), sprouts (150g), brown [ green beans and carrots green beans and carrots
Dinner rice (100g) brown rice (100g) rice (100g) (200g), brown rice (100g) |(200g), brown rice (100g)
Whole grain toast (30g) Whole grain toast (30g) [ Whole grain toast (30g)
with avocado spread Whole grain toast (30g) [ Whole grain toast (30g) | with avocado spread with avocado spread (50g),
(50g), boiled egg (1), with avocado spread with avocado spread (50g), boiled egg (1), boiled egg (1), herbal tea
Breakfast |herbal tea (unsweetened) | (50g), boiled egg (1) (509), boiled egg (1) herbal tea (unsweetened) [ (unsweetened)
Mommg Carrot sticks (100g), Apple (1509), almonds Carrot sticks (100g), Carrot sticks (100g),
snack hummus (50g) (159) Apple (150g) hummus (50g) hummus (50g)
Lentil soup (250ml), Lentil soup (250ml), Lentil soup (250ml), Lentil soup (250ml),
mixed green salad with [ mixed green salad with | mixed green salad with | mixed green salad with Lentil soup (250ml), mixed

2 olive oil and lemon olive oil and lemon olive oil dressing olive oil and lemon green salad with olive oil
Lunch dressing (200g) dressing (200g) (200g) dressing (200g) and lemon dressing (200g)
Afternoon Blueberries (100g), Blueberries (100g), Carrot sticks (100g), Apple (150g), almonds Apple (150g), cashews (10,
snack hazelnuts (159) hazelnuts (15g) hummus (50g) (10, 15g) 15g)

Grilled turkey breast Grilled turkey breast

(120g), quinoa (100g) Grilled turkey breast Grilled turkey breast (120g), quinoa (100g) Grilled turkey breast (120g),

with sautéed spinach and [ (120g), quinoa (100g) |(120g), baked sweet with sautéed spinach and | quinoa (100g) with sautéed

. garlic (200g), steamed | with sautéed spinach | potato (150g), steamed |garlic (200g), steamed spinach and garlic (200g),

Dinner green beans (150g) and garlic (200g) green beans (150g) green beans (1509) steamed green beans (150g)

Smoothie (200ml Smoothie (200ml Smoothie (200ml Smoothie (200ml almond

almond milk, 1 banana, |almond milk, 1 banana, |almond milk, 1 banana, [ milk, 1 banana, 50g Smoothie (200ml almond

50g spinach), chia seeds |50g spinach), chia 509 spinach), flaxseeds |spinach), chia seeds (1 milk, 1 banana, 50g
Breakfast |(15g) seeds (15g) (1 thsp) thsp) spinach), chia seeds (1 thsp)
Mommg Celery sticks (100g), Celery sticks (100g), Celery sticks (100g), Celery sticks (100g), Celery sticks (100g), peanut
snack peanut butter (20g) peanut butter (20g) peanut butter (20g) peanut butter (20g) butter (20g)

Baked cod (120g) with [ Baked cod (120g) with Baked cod (120g) with

tomato and basil sauce, [tomato and basil sauce, [ Baked salmon (120g), |tomato and basil sauce, Baked cod (120g) with

barley salad with cherry |barley salad with quinoa salad with barley salad with cherry | tomato and basil sauce,

3 tomatoes and parsley cherry tomatoes and cherry tomatoes and tomatoes and parsley barley salad with cherry
Lunch (200g) parsley (200g) cucumbers (200g) (200g) tomatoes and parsley (200g)
Afternoon Greek yogurt (150g), Greek yogurt (150g), | Mixed berries (100g), |Greek yogurt (150g), Greek yogurt (150g), mixed
snack mixed berries (50g) mixed berries (50g) walnuts (20g) mixed berries (50g) berries (50g)

Stuffed bell peppers Stuffed bell peppers
(200g) with quinoa, Stuffed bell peppers Stuffed bell peppers (200g) with quinoa, Stuffed bell peppers (200g)
vegetables, and lean (200g) with quinoa, (200g), with quinoa vegetables, and lean with quinoa, vegetables, and
ground beef, mixed vegetables, and lean and lean ground beef, [ground beef, mixed green [lean ground beef, mixed
i green salad (150g) with | ground beef, mixed mixed green salad salad (150g) with green salad (150g) with
Dinner balsamic vinaigrette green salad (150g) (1509) balsamic vinaigrette balsamic vinaigrette
Greek yogurt (150g), oats | Greek yogurt (150g), oats

4 Greek yogurt (150g), Greek yogurt (150g), | Greek yogurt (150g), | (30g), honey (1 tsp), (30g), honey (1 tsp), herbal

Breakfast |oats (30g), honey (10g) |oats (30g), honey (10g) |oats (30g), honey (1 herbal tea (unsweetened) [tea (unsweetened)
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tsp), green tea
(unsweetened)
Morning | kiwi (100g), almonds | Kiwi (100g), almonds | Kiwi (100g), almonds | Kiwi (100g), walnuts (10, | Kiwi (100g), walnuts (10,
snack (15g) (159) (159) 15g) 15g)
Grilled chicken salad
(250g) with mixed Grilled chicken salad | Grilled chicken breast [Grilled chicken salad Grilled chicken salad (250g)
greens, tomatoes, (2509) with mixed salad (200g) with (250g) with mixed greens, [ with mixed greens,
cucumbers, olive oil greens, tomatoes, mixed greens, cherry  [tomatoes, cucumbers, tomatoes, cucumbers, olive
dressing, whole grain cucumbers, olive oil tomatoes, and olive oil |olive oil dressing, whole |oil dressing, whole grain
Lunch bread (30g) dressing dressing grain bread (1 slice, 30g) |bread (1 slice, 30g)
Aft Cottage cheese (100g) | Cottage cheese (100g) | Cottage cheese (100g) [Cottage cheese (100g)
ernoon i pineapple chunks  [with pineapple chunks [with pineapple chunks |with pineapple chunks Cottage cheese (100g) with
snack (509) (509) (509) (50g) pineapple chunks (50g)
Baked trout (120g)
Baked trout (120g) with [with lemon and herbs, |Baked trout (120g) Baked trout (120g) with | Baked trout (120g) with
lemon and herbs, steamed asparagus with lemon, steamed lemon and herbs, steamed [lemon and herbs, steamed
i steamed asparagus (150g), wild rice asparagus (150g), wild |asparagus (150g), wild asparagus (150g), wild rice
Dinner (1509), wild rice (100g) |(100g) rice (100g) rice (100g) (100g)
Whole grain toast (30g) Whole grain toast (30g) [ Whole grain toast (30g) [ Whole grain toast (30g)
with almond butter Whole grain toast (30g) | with almond butter with almond butter (15g), |with almond butter (15g),
(15g), banana (100g), with almond butter (15g), a small banana [banana (1 small, 100g), banana (1 small, 100g),
Breakfast |herbal tea (unsweetened) | (159), banana (100g) (100g) herbal tea (unsweetened) | herbal tea (unsweetened)
M . Cucumber slices Cucumber slices
orning Cucumber slices (100g), | (100g), tzatziki dip (100g), tzatziki dip Cucumber slices (100g), | Cucumber slices (100g),
snack tzatziki dip (50g) (509) (509) tzatziki dip (50g) tzatziki dip (50g)
Chickpea and
5 Chickpea and vegetable |vegetable stew Chickpea and vegetable [ Chickpea and vegetable | Chickpea and vegetable
stew (250ml), mixed (250ml), mixed green |stew (250ml), mixed stew (250ml), mixed stew (250ml), mixed green
Lunch green salad (150g) salad (1509) green salad (150g) green salad (150g) salad (1509)
Afternoon Strawberries (100g), Strawberries (100g), Strawberries (100g), Strawberries (100g), Strawberries (100g),
snack cashews (159) cashews (15g) cashews (15g) cashews (10, 159) cashews (10, 159)
Grilled turkey breast Grilled turkey breast Grilled turkey breast Grilled turkey breast
(120g), sweet potato (120g), sweet potato (120g), sweet potato (120g), sweet potato mash | Grilled turkey breast (120g),
. mash (150g), steamed mash (150g), steamed | mash (150g), steamed | (150g), steamed broccoli  [sweet potato mash (150g),
Dinner broccoli (1509) broccoli (1509) broccoli (1509) (150g) steamed broccoli (1509)
Smoothie (200ml Smoothie (200ml Smoothie (200ml Smoothie (200ml almond | Smoothie (200ml almond
almond milk, 50g almond milk, 50g almond milk, 50g milk, 50g berries, 50g milk, 509 berries, 50g
berries, 509 spinach, 15g [ berries, 50g spinach, 1 |berries, 50g spinach, 1 |spinach, 1 tbsp flaxseed), |spinach, 1 thsp flaxseed),
Breakfast flaxseed) tbsp flaxseed) tbsp flaxseeds) chia seeds (1 thsp) chia seeds (1 thsp)
Morning ; ; ; ; ;
Bell pepper slices Bell pepper slices Bell pepper slices Bell pepper slices (100g), |Bell pepper slices (100g),
snack (100g), hummus (50g) [ (100g), hummus (50g) |(100g), hummus (50g) |hummus (50g) hummus (509)
Baked chicken breast | Baked chicken breast
Baked chicken breast (120g), quinoa and (120g), quinoa and Baked chicken breast Baked chicken breast
6 (120g), quinoa and vegetable stir-fry vegetable stir-fry (120g), quinoa and (120g), quinoa and
Lunch vegetable stir-fry (200g) | (200g) (200g) vegetable stir-fry (200g) | vegetable stir-fry (200g)
Aft Greek yogurt (150g), | Greek yogurt (1509),
ernoon | greek yogurt (150g), sliced strawberries sliced strawberries Greek yogurt (1509), Greek yogurt (150g), sliced
snack sliced strawberries (50g) | (50g) (509) sliced strawberries (50g) | strawberries (50g)
Baked mackerel (120g) |Baked mackerel (120g) | Baked mackerel Baked mackerel (120g)
with herbs, steamed with herbs, steamed (120g), steamed with herbs, steamed Baked mackerel (120g) with
Brussels sprouts and Brussels sprouts and Brussels sprouts and Brussels sprouts and herbs, steamed Brussels
. carrots (200g), brown carrots (200g), brown | carrots (200g), brown | carrots (200g), brown rice |sprouts and carrots (200g),
Dinner rice (100g) rice (100g) rice (100g) (100g) brown rice (100g)
Whole grain cereal (50g) | Whole grain cereal Whole grain cereal Whole grain cereal (50g)
with low-fat milk (50g) with low-fat milk | (50g) with low-fat milk [with low-fat milk Whole grain cereal (509)
(200ml), small apple (200ml), a small apple |(200ml), small apple (200ml), small apple with low-fat milk (200ml),
Breakfast |(100g) (100g) (100g) (100g) small apple (100g)
Mommg Radishes (100g), low-fat [ Radishes (100g), low- |Radishes (100g), low- |Radishes (100g), low-fat |Radishes (100g), low-fat
snack cheese (50g) fat cheese (50g) fat cheese (50g) cheese (509) cheese (509)
Lentil and vegetable Lentil and vegetable Lentil and vegetable Lentil and vegetable stew [ Lentil and vegetable stew
7 stew (250ml), mixed stew (250ml), mixed stew (250ml), mixed (250ml), mixed green (250ml), mixed green salad
Lunch green salad (150g) green salad (150g) green salad (150g) salad (1509) (150g)
Afternoon Mixed nuts (20g), Mixed nuts (20g), Mixed nuts (20g), Mixed nuts (20g), Mixed nuts (20g),
snack blueberries (100g) blueberries (100g) blueberries (100g) blueberries (100g) blueberries (100g)
Baked chicken breast | Baked chicken breast
Baked chicken breast (120g), steamed mixed |(120g), steamed mixed [Baked chicken breast Baked chicken breast
(120g), steamed mixed |vegetables (200g), vegetables (200g), (120g), steamed mixed (120g), steamed mixed
i vegetables (200g), whole [whole grain couscous | whole grain couscous | vegetables (200g), whole |vegetables (200g), whole
Dinner grain couscous (100g) (100g) (100g) grain couscous (100g) grain couscous (100g)
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e One of the most suitable diets for stroke
prevention is the Mediterranean diet which
emphasizes consuming fresh seasonal foods. Its
main principles include: Frequent consumption of
dairy products like yogurt and cheese;

e Daily consumption of a large variety of
vegetables, antioxidant-rich fruits, legumes, raw
nuts, whole grains, and olive oil,;

e  Weekly intake of fish, eggs, and poultry;

e Limited intake of red meat, refined sugar,
and saturated fats;

e  Adequate water intake.

Comparing the generated diet plans with the
Mediterranean diet shows a significant match.
However, there is a difference in the recommended
fish consumption. The Mediterranean diet suggests
a weekly intake of fish, poultry, and eggs — meaning
once a week — whereas the ChatGPT-generated
diets recommend fish and white meats more than
once a week. This adjustment may align with the
elevated indicators noted in the previous studies.
Red meat intake is limited to just one occurrence,
specifically lean beef. The daily meals include
whole grains, nuts (up to 20 grams), seeds, fresh
fruits, and vegetables. Additionally, the milk
included in the diet is low-fat, which is appropriate
for managing elevated triglyceride levels.

Another suitable diet is the DASH diet. While it
shares many principles with the Mediterranean diet,
it is specifically designed to regulate and prevent
high blood pressure. Its main principles include:

e Increased consumption of foods rich in
magnesium, potassium, calcium, fiber, and protein;

e Reducing intake of foods high in sugar,
saturated and trans fats, and sodium;

e Increased consumption of  fruits,
vegetables, legumes, nuts, low-fat and skim dairy
products, poultry, and fish;

e Limited consumption of processed foods
and fatty red meats;

e  Restricting daily sodium intake to 2,300
mg, and in some cases, to 1,500 mg per day.

Comparing the ChatGPT-generated diets to the
DASH diet criteria also shows a high level of
concordance. The recommended sodium intake in
the generated diets falls within the range of 1,500-
2,000 mg per day. The menu includes foods such as
mackerel, salmon, brown rice, oats, chickpeas,
lentils, almonds, and flaxseed, which are rich in
magnesium. Potassium is provided by bananas,
avocados, beans, and lentils, while dairy products,
broccoli, and almonds supply calcium. Whole
grains, a key component of the DASH diet, are also
recommended daily by ChatGPT.

The European food pyramid for a healthy diet
emphasizes the importance of consuming a varied
and balanced diet. Its main principles include:

e  Frequent consumption of foods from the
base of the pyramid, such as cereals, vegetables, and
fruits, which are rich in vitamins, minerals, fiber,
and other essential nutrients;

e  Moderate consumption of foods from the
middle of the pyramid, including proteins, dairy
products, and fats;

e Very limited and cautious consumption of
foods from the top of the pyramid, such as processed
and refined foods, as well as other high-calorie, low-
nutrient items.

Table 2 shows that the menu includes foods from
the base of the pyramid, with moderate consumption
of those from the middle, and no processed or
refined foods are present.

Based on the comparisons made, we can
conclude that the diets generated by ChatGPT
adhere to the criteria of all three types of healthy
eating plans.

Although the dietary plans generated by artificial
intelligence follow the established principles, we
calculated the health index using the AHEI-2010
criteria for greater accuracy (Table 3) [43-47].

Table 3. The AHEI-2010 scoring method. [43]

Minimum Score = Maximum
(0) Score (10)

Component

Vegetables 0 servings/d >5 servings/d
Fruits 0 servings/d >4 servings/d
Whole grains 0 servings/d >4 servings/d
Sugar-

SEEEEE >1 servings/d 0 servings/d
beverages and

fruit juice

:\MS and 0 servings/d >1 servings/d
egumes

RElaTEEsEEe >1.5 servings/d | 0 servings/d
meat

Trans fat >4% of energy <0.5% of energy

Long-chain (n-

3) fats (EPA + 0 mg/d >250 mg/d

DHA)

PUFA <2% of energy >10% of energy

Sodium Highest decile Lowest decile
Women: >2.5 Women: 0.5-1.5

Alcohol drinks/d Men: drinks/d Men: 0.5-
>3.5 drinks/d 2.0 drinks/d

The AHEI-2010 is a tool designed to assess diets
and their association with the risk of chronic
diseases. It was developed as an alternative to
traditional dietary guidelines to evaluate nutrition
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quality and its impact on the risk of cardiovascular
disease, diabetes, and cancer. In this regard, it
provides a more precise assessment of the quality of
Al-generated diets.

The AHEI-2010 [43] focuses on the types of
foods and food groups linked to better health:

e  Encourages increased intake of fresh fruits,
which are major sources of vitamins, minerals, and
fiber.

e Includes a variety of vegetables,
emphasizing leafy greens and avoiding potatoes.

e Assesses consumption of whole grain
products such as brown rice, oatmeal, and whole
grain bread.

e Encourages regular consumption of nuts
and legumes, which are excellent sources of plant-
based protein and healthy fats.

e  Measures intake of fish and other sources of
omega-3 fatty acids, such as flaxseed and walnuts,
for their cardiovascular protective effects.

e  Promotes replacing saturated and trans fats
with polyunsaturated fats found in vegetable oils,
nuts, and fish.

e  FEvaluates the presence of trans fats, long-
chain (n-3) fats (EPA + DHA), and polyunsaturated
fatty acids (PUFA) in the diet.

e  Reduces consumption of red and processed
meats, which are associated with higher risks of
chronic diseases.

e Limits intake of sweetened beverages and
high-sugar fruit juices that contribute to obesity and
metabolic diseases.

e Assesses moderate alcohol consumption
(up to 1 drink per day for women and 2 for men) for
its potential heart-protective effects.

e Recommends limiting sodium intake to
reduce the risk of high blood pressure and
cardiovascular disease.

Each component of the diet is rated on a scale
from 0 to 10 points based on how well it aligns with
healthy eating recommendations. The maximum
score for a diet according to the AHEI-2010 criteria
is 110 points. A diet scoring above 65 points is
considered healthy, with higher scores indicating a
better alignment with healthy eating practices and a
lower risk of chronic diseases. Based on these
criteria [43] and the quantities of each food in the
diet plans, we calculated the number of servings and
points for each component, as well as the total score
for each day (Fig. 1). The graph shows that all the
diet plans received more than 65 points, indicating
that the ChatGPT-generated diets are healthy.
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Figure 1. AHEI-2010 scores for daily menus ranged
from 71.5 to 88.6 across all five patients

For each diet plan, we calculated the average
number of points for each food component and
displayed these on a radar chart (Fig. 2) to assess
differences in the recommended food quantities for
different patients. The chart indicates that there is
consistency for some foods (such as whole grains
and red meats), while differences exist for others
(such as nuts, foods with trans fats, and PUFA).
Although fruits and vegetables are included daily,
their quantities often fall short of meeting the AHEI-
2010 health criteria. The distribution of vegetables
and fruits throughout the week is suboptimal, with
some days not meeting the minimum
recommendations set by the World Health
Organization. Fish oils, a major source of
polyunsaturated fatty acids (PUFA), are included,
but consumption of other PUFA-rich foods (like
nuts and flaxseeds) could be higher. Additionally,
ChatGPT’s diet plans show limited variety, as the
same foods are repeated across different meals.
While the overall scores for all diet plans exceed 65
points, indicating they are healthy, there is room for
improvement in food variety and nutrient
distribution.

Patient 1 ——Patient 2 Patient 3 ——Patient4 ——Patient &

Vegetables
10
Alcohal

Fruits

Sodium Whole grains

PO BRND©

Sugar-swestened

FURA beverages and fruit juice

Long-chain (n-3) fats (EP4
DHA} Nuts and legumes

Red/processed meat

Figure 2. Average distribution of AHEI-2010
component scores throughout the week for all patients'
diets.
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CONCLUSIONS

A healthy and balanced diet is crucial for
maintaining physical and psychological well-being,
particularly for stroke survivors. Large language
models like ChatGPT offer a valuable tool for
generating dietary plans. This study provides a
comprehensive analysis of ChatGPT’s potential to
create personalized dietary plans aimed at stroke
prevention, highlighting both the advantages and
limitations of the generated diets.

While databases such as Scopus, PubMed, and
Web of Science contain numerous studies on
healthy eating recommendations and preventive
diets for recurrent stroke, no studies were found
specifically  addressing  personalized  stroke
prevention dietary plans generated by ChatGPT.
Therefore, this study is unique in evaluating
ChatGPT's capability to deliver customized dietary
plans for secondary stroke prevention.

ChatGPT has successfully generated healthy diet
plans that align with patients' nutritional needs and
medical conditions. However, to definitively
establish these plans as personalized, further
research involving larger patient cohorts is
necessary. The current plans provide an adequate
intake of energy (1800 to 2000 kcal per day), protein
(70 to 90 g per day), carbohydrates (200 to 250 ¢
per day), fat (60 to 70 g per day), fiber (25t0 35 ¢
per day), vitamins, and minerals.

The developed plans align with current healthy
dietary recommendations; however, additional
follow-up is essential to ensure their
appropriateness for stroke survivors.
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Capsaicin is a pungent ingredient of chilli peppers that triggers the nociceptive pain pathway by activating the transient
receptor potential cation channel subfamily V member 1 (TRPV1) receptor. There are stereotypes which claim that
capsaicin is one of the phytochemicals that cause gastric injuries. This study aims to explore the recently published
research data about the beneficial and protective effects of capsaicin on the gastric mucosa. Research papers and reviews
from the period 2005-2024 were thoroughly examined in databases PubMed and Google Scholar. Keywords
“gastroprotection” and “capsaicin” were used to identify the articles, directly associated with a gastroprotective effect of
capsaicin, including preclinical experiments with animals, and human studies. As a result, the seven main possible
mechanisms of its gastroprotective action were reviewed and summarised. Capsaicin leads to a dose-dependent decrease
in basal acid output (BAO) and the concentration of ions in the gastric juice also decreases (except for Na*). Gastric
transmucosal potential difference (GTPD) is increased significantly, even after ethanol administration. Indomethacin-
induced gastric bleeding is prevented by capsaicin. It also shows anti-inflammatory properties and reduces oxidative
stress. Capsaicin-sensitive nerve endings have an important role in gastroprotection: they release calcitonin gene-related
peptide (CGRP) or other vasodilators which enhance the microcirculation. The hyperaemic response plays a huge part in
ulcer healing. Moderately spicy foods containing low concentrations of capsaicin protect against injurious substances and
prevent gastric mucosal damage by stimulating sensory neurons. The secreted neurotransmitters provide gastroprotection
by enhancing the blood flow.

Keywords: capsaicin, gastroprotection, capsaicin-sensitive nerve endings

INTRODUCTION

Capsaicin (8-methyl-N-vanillyl-6-nonenamide)
is the component of chilli peppers, responsible for
their pungency. Itis not distributed evenly inside the
chilli pepper: higher concentrations were found in
the inner white flesh around the seeds (placenta). In
order to cause a spicy sensation, capsaicin excites
afferent nociceptive neurons by changing their
membrane permeability. All this is possible due to
the activation of the transient receptor potential
cation channel subfamily V member 1 (TRPV1)
receptor, a tetrameric structure which allows the
influx of sodium and calcium ions [1]. Calcium
influx causes mitochondrial function loss and makes
the nerve fibers inoperant. The production of
mediators from the fibers decreases. One of these
mediators is the potent local pain mediator: the
substance P [2]. Other activators of the TRPV1
receptor are low extracellular pH, divalent cations
(Mg?#, Ba?), noxious heat, pain-producing
exogenous and endogenous substances [1]. The
sensation that capsaicin brings is deliberately sought
by many people. Spicy foods are a popular staple for
many cuisines across the globe. A common belief

* To whom all correspondence should be sent:
E-mail: rositsamusinskal504@gmail.com

claims that excessive consumption of chilli peppers
has an evident role in gastric ulceration. The main
factors implicated in the causation of ulcers are
increased acid secretion, abuse of non-steroid anti-
inflammatory drugs (NSAIDs) and ethanol, reduced
blood flow in the region of the gastric mucosa [3].
Human interventional studies and preclinical
experiments with animals have come to
controversial conclusions about the harmful effect of
capsaicin on the stomach. Few properties of
capsaicin, which break all stereotypes, associated
with the formation of ulcers, have been discovered.

Our study aims to explore the main mechanisms
of the beneficial and protective effects of capsaicin
on the gastric mucosa.

MATERIALS AND METHODS

In order to gather all articles, directly
corresponding to the topic, databases PubMed and
Google Scholar were used. A period of 2004 — 2025
was set to identify the more recent research papers.
Inclusion criterion was the keywords “capsaicin” or
“gastroprotection” in the title.  Seventeen
manuscripts were thoroughly reviewed and many
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experiments both on humans and rodents with low
concentrations of capsaicin were explored.

RESULTS AND DISCUSSION
Decrease in basal acid output (BAO)

Gastric juice is produced by gastric glands in the
stomach mucosa, containing different types of cells.
To notice changes in acid secretion, Mozsik et al. [4]
suctioned gastric juice every 15 min for 1 hour (basal
acid output, BAQ) and inserted intragastrically small
doses of capsaicin (100-800 ug), dissolved in 100 ml
of saline solution. The change in BAO (measured in
mEg/h) was dose-dependent and the median
effective dose 50 (ED50) value was around 400 pg.
A dose of 100 pg capsaicin is responsible for 1.1
mEqg/h BAO, while 800 pg for 0.2 mEg/h. Decrease
in acid output protects the lining of the digestive tract
and prevents ulceration. It was proven that electrical
stimulation of the vagal nerve causes maximal
secretion. The output (after vagal stimulation and
capsaicin application) decreased by 28.1% at 100
mg/ml and by 34.8% at 500 mg/ml. Decrease in
gastric juice secretion is explained by H* back-
diffusion [4-7].

Change in gastric juice composition

Application  of capsaicin  changes the
concentration of different ions and proteins, secreted
from the gastric glands [4]. H*, K*, Ca?*, Mg?* levels
decrease, whereas Na*and albumin levels increase.
The decrease is associated with the decline in
hydrochloric acid secretion. Concentration of H*
without pretreatment with capsaicin is around 43+3
mEg/L and changes to 251 mEqg/L after capsaicin
is applied. For K* the value without capsaicin is
13+1 mEg/L and lowers to 8+0, 6mEg/L. Ca?* goes
from 0.98+0.02 to 0.88+0.01. The concentrations of
these three ions are measured by photoelectric flame
photometry [4]. The rise in Na* levels is remarkable:
73+4 mEg/L turns into 89+2 mEqg/L after
administration of the pungent ingredient. All these
changes are statistically significant and have a p
value <0.001 [4]. Albumin is the protein component
of the gastric juice, found in small amounts.
Capsaicin usually increases albumin levels from
1.24+0.001g/L to 1.63+0.02¢g/L [6, 7]
Variations in the “parietal” (CI" linked to H*) and
“non-parietal” (CI" linked to Na*) components of the
gastric juice can be identified after measurement of
cation concentrations and CI, a principle known as
Hollander’s method. Due to the increase in H* back
diffusion, a notable decline in the “parietal” element
is noticed, leading to elevation in the “non-parietal”
(a buffering part, which can’t be produced in passive
metabolic processes) [6, 7].
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Effect on the gastric transmucosal potential
difference (GTPD)

Gastric transmucosal potential difference is
generated due to the ion transportation through the
gastric mucosa and its electrical resistance. The
gastric mucosal barrier plays an important role in
prevention of damage to the stomach lining.
Epithelial cells on the surface are part of the barrier
due to their ability to transport hydrogen and
chloride ions out of the mucosa and sodium ions into
the plasma. Many factors destroy the gastric barrier:
ethanol, NSAIDs, bile salts [8]. The destruction is
followed by H* back-diffusion and a decline in
potential difference. Capsaicin has the ability to
increase GTPD dose-dependently. GTPD is
measured endoscopically with one electrode passed
through the biopsy force channel of the gastroscope
and the other positioned on the forearm. The noted
increase reaches maximum within 3-5 min [4, 6, 7].

Ethanol has the ability to induce changes in
GTPD. In an experimental study [4], ethanol was
administered intragastrically through the biopsy
channel of a gastroscope with and without capsaicin.
On its own, the alcohol caused a significant decrease
in GTPD (A 25 (—mV)), which was prevented with
capsaicin [4, 6]. Early studies [9] have come to the
conclusion that ethanol causes erythema in the
gastric mucosa. Reduction in blood flow leads to
swift destruction of the stomach walls. This
reduction is characterized by venule constriction,
accompanied by arteriolar dilatation. Application of
capsaicin further dilated the arterioles but also
blocked the ethanol-induced constriction by release
of calcitonin gene-related peptide [9, 15-17].
Maximum dilatation of the arterioles after capsaicin
was reached within 3 min [9]. Ethanol can also
induce oxidative damage in rats, but capsaicin
manages to inhibit the lipid peroxidation and
myeloperoxidase activity, a marker enzyme,
released by polymorphonuclear leukocytes (PMNS)
[10].

Antioxidant and anti-inflammatory properties

Indomethacin is a nonsteroidal anti-inflammatory
drug used to treat moderately acute pain, which is
known to change the mitochondrial structure in
gastric mucosal cells. Mitochondrial dysfunction is
followed by an increase in reactive oxygen species.
Superoxide inactivates the enzyme aconitase, iron is
released and hydroxyl radical (-OH) is produced.
-OH leads to apoptosis and gastric injuries [11]. The
microbleeding after intake of indomethacin can be
determined by calculating the concentration of
hemoglobin in the gastric juice (Fisher and Hunt
method). Before application of indomethacin blood
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losing was around 2.0 + 0.02 mL/day for a period of
1 day. After the NSAID was given, the baseline
increased to 8.1 + 0.02 mL/day. Orally given
capsaicin in concentrations of 200, 400 and 800 pg
prevented the microbleeding and proved the
gastroprotective effect of chillies by inhibition of the
COX enzymes [4, 6, 7].

Ethanol consumption may lead to serious health
conditions such as gastritis, gastric ulcer, gastric
cancer. It damages the gastric mucosa, which results
in  pro-inflammatory ~ cytokine  imbalance.
Neutrophils and reactive oxygen species (ROS)
accumulate in the site of the damage. Experiments in
vitro [12] show that capsaicin limits the transcription
of chemokine receptor 4 (CCR4) which plays the
role of a marker for oxidative damage. Src and
p47phox expression is also suppressed. Src (a
tyrosine protein kinase) regulates the activity of
NADPH oxidase, which is a source of ROS and thus
acts as a modulator of oxidative stress. P47phox is
part of NADPH oxidase, which needs serine
phosphorylation in order for the enzyme to be
activated. The gastroprotective effect of capsaicin is
associated with reduced ROS generation due to
suppression of NADPH oxidation [12]. Another
damage to the gastric mucosa, caused by ethanaol, is
increased lipid peroxidation, an index for which is
the concentration of malondialdehyde (MDA).
Capsaicin inhibits this process by scavenging ROS,
responsible for the peroxidation. The inhibition may
occur at the level of the membrane by altering
oxidoreductase activity. Ethanol induces the
myeloperoxidase activity, but a significant decrease
is noted (4.6%, 54.1%, 59.4%) with capsaicin doses
of 0.5, 5.0, 10 mg/kg BW. The inhibited lipid
peroxidation limits the number of PMNs at the site
of the damage. Inflammatory processes are
associated with the expression of the enzyme COX-
2, related to prostaglandins production (arachidonic
acid pathway). Capsaicin prevents the ethanol-
stimulated expression of the enzyme, again proving
its anti-inflammatory properties [10]. Treatment
with capsaicin lowers mMRNA expression levels not
only of COX-2 but other proinflammatory molecules
such as TNF-a, IL-1B, IL-6 [13]. Capsaicin also
inhibits the production of IL-8 from Helicobacter
pylori infected gastric epithelial cells. Not only was
the secretion of the protein affected but also the IL-
8 mMRNA expression, which decreased. This
interleukin brings neutrophils to the inflamed
mucosa. H. pylori is a gram-negative bacterium
which causes serious harm to the gastric mucosa. In
response to the bacterium, gastric cells up-regulate
the expression of genes modulated by nuclear factor
kappa B (NF-«B), a dimeric transcription factor. The

dimers are in an inactive state and are located in the
cytoplasm, held by inhibitory kappa B (IkB)
proteins. Activation of the factor happens after
phosphorylation of IkB and a following -proteolysis,
mediated by ubiquitin, which sets the dimers free
and they translocate in the nucleus. NF-xB is a
regulatory element for IL-8 expression so it comes
as no surprise that capsaicin suppressed the
activation of NF-kB, induced by the bacterium [14].

Effect on ulcer healing

The first layer of protection in the stomach
consists of the mucosa-bicarbonate-phospholipid
barrier and the epithelial cells, connected with tight
and gap junctions. NSAIDs, ethanol and other
substances damage the epithelial barrier, which
results in an increased H* back-diffusion [15]. The
barrier’s main function is to prevent the contact
between hydrochloric acid in the lumen and the
gastric mucosa. Without it, serious conditions, such
as gastric ulcers, may develop. Another way, in
which the mucosa may keep its integrity, is with the
help of a neurotransmitter, secreted from capsaicin-
sensitive sensory nerves (after activation of the
TRPV1 receptor) — calcitonin gene-related protein
(CGRP). CGRP is mainly synthesized in the dorsal
root ganglion and is transported to the peripheral
nerve endings. The main physiological effects of the
peptide are vasorelaxation (it is known as the most
potent vasodilator) and inotropic actions. There is
also evidence that CGRP inhibits gastric acid
secretion (in a rat experimental model an estimated
63-78 % inhibition was noticed [16]). CGRP
influences the blood flow through adenosine
triphosphate sensitive potassium channels (KATP
channels), the increase in blood flow helps with the
repairment of the gastric mucosa and protects against
ulcerations. The peptide is also known to increase
nitric oxide (NO) by influencing the inhibitor of
nitric oxide synthase: asymmetric dimethylarginine,
ADMA [16]. The subserosal injection of acetic acid
in the stomach of rats, which leads to chronic gastric
ulcers, was used to explore the importance of
sensory neurons in gastroprotection. 24 h after the
injection necrosis is present and after 1 week the
condition reaches a “chronic” state. Daily
consumption of capsaicin managed to decrease the
size of the ulcer a week later. Rats with ablated
sensory nerves showed an increase in the size of the
damaged area [17].

CONCLUSIONS

Spicy foods containing low concentrations of
capsaicin (50 ug — 800 pg) have the ability to provide
gastroprotection. The effect of injurious substances
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such as ethanol and indomethacin can be
significantly reduced with the activation of sensory
neurons and the TRPV1 receptor. The secreted
neurotransmitters enhance the blood flow and thus
repair damages to the gastric mucosa. Reduction of
oxidative stress turns capsaicin into an underrated
gastroprotective drug.
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Lipids play a crucial role in human physiology, particularly for maritime professionals who require optimal physical
endurance, fatigue resistance, and effective thermoregulation. This study evaluates the lipid content among cadets at the
Nikola Vaptsarov Naval Academy to assess their physiological adaptation and preparedness for maritime activities. A
total of 113 cadets from various specializations were assessed between 2021 and 2023 using bioimpedance analysis. The
results indicate a significant decrease in lipid content from first-year cadets (average: 23.7%) to fifth-year cadets (average:
19.0%), corresponding to a reduction in BMI from 25.1 kg/m?2 to 22.8 kg/mz2. These findings underscore the effectiveness
of structured physical training and nutritional programs in improving cadets’ physical fitness and readiness for maritime

duties.

Keywords: lipids, lipid content, maritime professionals, cadets

INTRODUCTION

Lipids are fundamental components of the
human body, serving as key elements in energy
metabolism, protection of internal organs, and
thermoregulation [1]. For individuals engaged in
maritime professions, maintaining appropriate lipid
levels is vital due to the demanding physical and
environmental conditions they encounter. Adequate
lipid reserves contribute to buoyancy and effective
thermoregulation, which are critical for survival
during maritime incidents and exposure to cold
water environments [2, 3]. Moreover, optimal lipid
content enhances physical endurance and reduces
fatigue, directly impacting the performance and
safety of maritime personnel [4].

Previous studies have explored the
anthropometric and body composition profiles of
various athletes and professionals, emphasizing the
importance of tailored physical conditioning [5, 6].
However, there is limited research specifically
focusing on the lipid content of naval cadets during
their training period. Understanding these
parameters can inform the development of targeted
interventions to improve the health and operational
readiness of future maritime professionals.

This study aims to evaluate the lipid content
among cadets at admission to the Nikola Vaptsarov
Naval Academy, analyzing variations across

* To whom all correspondence should be sent:
E-mail yordanovadoroteya@gmail.com

different academic years and providing insights into
their physical preparedness for maritime duties.

MATERIALS AND METHODS
Study design and participants

This study was conducted between 2021 and
2023 and included 113 cadets from the Nikola
Vaptsarov Naval Academy in Varna, Bulgaria. All
participants voluntarily took part in the study across
different academic years, from the first to the fifth
year, allowing for a comprehensive assessment of
lipid content changes throughout their training.

The inclusion criteria required cadets to be
enrolled at the Naval Academy during the study
period, to have provided informed consent for
participation, and to have no known medical
conditions affecting lipid metabolism.

Data collection

Data were collected during scheduled physical
assessments at the Academy's facilities. The
following parameters were measured and recorded
for each participant:

o Age
Gender
Height (cm)

Weight (kg)
Body mass index (BMI)
Body fat percentage (lipid content)

© 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Measurement technigques

e  Anthropometric measurements

Height and weight were measured using
standardized equipment with participants barefoot
and wearing light clothing. BMI was calculated
using the formula: BMI = weight (kg) / [height
(m)P>

e Bioimpedance analysis (BIA)

Lipid content (body fat percentage) was assessed
using bioimpedance analysis, a non-invasive and
reliable method for estimating body composition
[8]. Measurements were conducted using
standardized bioimpedance scales. Participants
were instructed to avoid food and intense physical
activity for at least 2 hours prior to assessment to
ensure accuracy.

e Data analysis

Comparative analyses were performed to
identify differences in lipid content across academic
years and between genders.

RESULTS AND DISCUSSION
Overall findings

The study revealed that the average BMI among
cadets across all academic years was within the
normal range (18.5-24.9 kg/m2) as defined by the
World Health Organization. However, variations in
lipid content were observed, with certain groups
exhibiting higher than optimal levels.

First-year cadets

The first-year cadets demonstrated the highest
average lipid content and BMI, with values slightly

exceeding the normal range. This may be attributed
to the transition from civilian to military lifestyle,
decreased physical activity prior to admission, and
lack of established fitness routines. These findings
suggest the need for early intervention programs
focusing on physical conditioning and nutritional
education upon admission.

Upper-year cadets

As cadets progress through their training, they
demonstrate the effectiveness of structured physical
activity and nutritional guidance. The second year
marks a notable decrease in BMI and lipid content
compared to the first year, reflecting early
adaptation to the rigorous training regimen. This
trend continues into the third year, where cadets
maintain a stable BMI of 23.9 kg/m?2 while further
reducing their lipid levels, reinforcing the impact of
sustained physical engagement.

By the fourth year, cadets exhibit a further
reduction in lipid content, achieving an average
BMI of 22.9 kg/m?, indicating a stable physical
condition suitable for the demands of their training
and future maritime responsibilities. Some isolated
cases of slightly elevated BMI are observed,
potentially due to reduced physical activity caused
by increased academic workload. In the fifth year,
these trends remain consistent, with cadets reaching
an average BMI of 22.8 kg/m2. This stability
suggests that they have achieved physical maturity
and conditioning that aligns with the requirements
of their maritime careers.

Table 1. Summary of cadet measurements across academic years

Academic | Number of | Gender Age Height (cm) Weight (kg) BMI Body Fat %
Year Participants . . . . .

(M/F) (Min/Avg/Max) | (Min/Avg/Max) (Min/Avg/Max) (Min/Avg/Max) (Min/Avg/Max)
First 25 22M/3F | 18/19/20 165/176 /191 50/79.5/105.9 | 20.7/25.1/30.2 12.9/23.7/34.1
Year
Second 22 19M/3F | 19/20/21 160/174 /182 50/76/100 18.8/24.5/30.2 12.6/20.8/345
Year
Third 21 18M/3F | 20/21/22 160/173 /182 53/74/100 18.9/23.9/30.2 12.9/195/29.1
Year
Fourth 23 19M/4F | 21/22/23 154 /174 /192 45/741105 18.6/22.9/31.6 15.0/18.7/41.1
Year
Fifth 22 17M/5F | 22/23/24 152/175/188 49/73/100 17.9/22.8/30.0 16.9/19.0/39.6
Year
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Changes in BMI and Body Fat Percentage across academic years

25.5
25
24.5
24
23.5
23
22.5
22

21.5

First Year Second Year

—@=—Average BMI (kg/m?)

Third Year

Graph 1. Changes in BMI and body fat percentage across academic years

The comprehensive analysis presented in Graph
1 illustrates a steady decline in BMI and body fat
percentage across academic years, indicating the
impact of mnaval training on cadets’ body
composition.

BMI decreases from 25.1 kg/m? in first-year
cadets to 22.8 kg/m? in fifth-year cadets, suggesting
gradual weight regulation and adaptation to
physical training.

Body fat percentage follows a similar trend,
dropping from 23.7% to 18.7% by the fourth year,
before slightly increasing to 19.0% in the fifth year.

The sharpest decline occurs between the first and
third years, likely due to the initial impact of
structured physical activity.

The small increase in body fat in the final year
may be linked to reduced physical training as
academic demands rise.

Overall, the data reflect effective physical
conditioning, with early-year cadets experiencing
the most significant changes in BMI and body fat.

Gender differences

Analysis across genders revealed that male
cadets generally had higher lipid content compared
to female cadets, although both remained within
acceptable ranges. These differences highlight the
importance of gender-specific training and nutrition
programs to ensure optimal health outcomes.

25
20
15
10
—— =0
5
0
Fourth Year Fifth Year
Average Body Fat Percentage (%)
CONCLUSION

This study demonstrates a progressive decrease
in lipid content and BMI among naval cadets from
their first to final academic year, reinforcing the
effectiveness of the Academy’s structured physical
training and nutritional programs. The transition
from civilian life to a regimented training schedule
significantly impacts body composition, with first-
year cadets displaying the highest BMI and lipid
content. The gradual decrease in these metrics
throughout the training period suggests that
continuous physical conditioning and lifestyle
modifications play a crucial role in achieving
optimal body composition. Maintaining appropriate
lipid levels is essential for buoyancy,
thermoregulation, and overall endurance in
maritime operations. These findings highlight the
necessity of tailored fitness and nutrition programs
throughout cadets’ academic tenure, ensuring their
preparedness for the physically demanding
conditions of maritime service.
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This review explores current strategies for the prevention and management of cow’s milk allergy (CMA) in infants,
emphasizing the role of breastfeeding, hydrolyzed formulas, and early allergen exposure. Exclusive breastfeeding is the
preferred approach to reduce allergy risk, offering various protective immune mechanisms. The use of partially hydrolyzed
formulas (pHF) has been investigated for CMA prevention, with mixed results; while some studies suggest benefits in
reducing atopic dermatitis and respiratory symptoms, recent evidence questions its efficacy. Extensively hydrolyzed formulas
(eHF) are recommended as the first-line treatment for infants with CMA, but variations in peptide profiles necessitate stricter
standards and better testing. Amino acid-based formulas (AAF) are utilized in severe CMA cases where eHF are ineffective,
though their long-term use poses risks such as hypophosphatemic bone disease. The potential of early exposure to cow’s milk
proteins (CMP) to promote tolerance highlights that timing and individual factors might significantly influence outcomes.
Emerging evidence points to the importance of personalized approaches in CMA management, recognizing that dietary and
environmental factors play critical roles in allergy development.

Keywords: cow’s milk allergy, breastfeeding, extensively hydrolyzed formulas, partially hydrolyzed formulas, amino

INTRODUCTION reactions, whereas lactose intolerance is not

Food allergies (FAs) have become a significant
health issue over the past decades since they have
been increasing in prevalence worldwide,
particularly among infants and young children. [1]
The allergic reaction occurs due to pathological
immune reaction of hypersensitivity, triggered by
specific food protein allergens. Cow’s milk allergy
(CMA) is one of the most prevalent FAs in infants,
affecting up to 3.8% of young children in developed
countries [2]. The allergy usually occurs in the first
two years of life and is frequently one of the earliest
food allergies identified in infants. CMP are
commonly among the first food proteins they
encounter, as it is the primary source of nutrition
either through breastfeeding (with CMP passed
through maternal diet) or formula feeding [3]. CMA
is a multifactorial condition that can be presented
with both IgE-mediated and non-lIgE-mediated
mechanisms. It is characterized by a consistent
immune reaction to one or more CMP, typically
casein or serum f-lactoglobulin [4].

It's crucial to differentiate CMA from other
adverse reactions to CM, lactose intolerance in
particular, as they involve distinct underlying
mechanisms and require different management
approaches. CMA is an immune-mediated response
to proteins found in milk, leading to allergic

* To whom all correspondence should be sent:
E-mail: viktorig.d.2000@gmail.com

immune-mediated and results from the body's
inability to digest lactose, due to a deficiency of the
enzyme lactase [5].

Our aim is to identify, elucidate and analyze the
mechanism laying behind CMA and the
contemporary strategies for its prevention and
management.

PATHOGENESIS OF COW’S MILK ALLERGY
Cow'’s milk proteins

Cow’s milk contains about 32 g of protein per
liter, which is divided into two main fractions:
caseins (~80%) and whey proteins (~20%). [6, 7]
(Table 1). Cow’s milk allergens are labeled "Bos d,"
based on the genus and species name (Bos
domesticus), followed by an identification number
[9]. For instance, Bos d 8 refers to all caseins, which
are further categorized: Bos d 9 for asl-casein
(~32% of total casein), Bos d 10 for as2-casein
(~10%), Bos d 11 for B-casein (~28%), and Bos d 12
for «k-casein (~10%) [10]. These caseins are
classified as secreted calcium-binding
phosphoproteins with a loose structure, forming
quaternary structures known as casein micelles.
These micelles have a hydrophobic core of asl, as2,
and B-caseins interacting with calcium phosphate,
and a hydrophilic surface layer of k-casein [11]. The
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structure of casein micelles is dynamic, changing
with pH, temperature, and pressure. For example,
rennet treatment causes micelles to lose solubility
and form aggregates. Caseins are major allergens,
implicated in over 50% of IgE-mediated cow’s milk
allergy (CMA) cases [12].

In the whey protein fraction, the most abundant
protein is B-lactoglobulin (Bos d 5, ~10% of total
proteins), followed by a-lactalbumin (Bos d 4, ~5%),
immunoglobulins (Bos d 7, ~3%), bovine serum
albumin (Bos d 6, ~1%), and lactoferrin (<1%). -
lactoglobulin and a-lactalbumin are major allergens,
characterized by globular structures stabilized by
disulfide bridges [13-15]. Although bovine serum
albumin is present in small amounts, it is a common
allergen, with up to 50% of CMA patients producing
IgE against it. [16, 17] Along with lactoferrin,
bovine serum albumin has a high number of
disulphide bridges, making its structure very stable
even under denaturing conditions. [18] While
lactoferrin is not registered as an allergen, studies
indicate its potential to trigger allergic reactions. [9,
19-21]

CMA usually involves reactivity to multiple
CMP, both caseins and whey proteins [22]. IgE
antibodies target specific regions within these
proteins, known as epitopes, which can be linear
(continuous  amino  acid  sequences)  or
conformational (discontinuous sequences formed by
protein folding). Both types of epitopes are present
in cow’s milk allergens [23-25].

Pathophysiologic mechanisms of cow’s milk allergy

Food allergies can be classified into IgE-
mediated and non-IgE-mediated types based on their
underlying mechanisms [26]. IgE-mediated food
allergies are the most well-known and studied type,
consisting of two phases: sensitization and
elicitation [27-29]. During the initial exposure to
food proteins, sensitization may occur when the
immune system first encounters the antigens.
Antigen-presenting cells (APCs), primarily dendritic
cells (DCs), process the food proteins into smaller
peptides and present them on their surface main
histocompatibility complex (MHC) Il molecules to
T-cell receptors (TCRs) on naive T cells specific to
the peptide. This triggers T cell activation, facilitated
by the interaction of CD28 on T cells with CD80 and
CD86 on DCs, along with co-stimulatory signals
from pro-inflammatory cytokines like IL-4, IL-25,
IL-33, and TSLP [30, 31] . These signals cause naive
T cells to differentiate into CD4+ Th2 cells [32, 33].

The activated Th2 cells then engage with naive B
cells through their TCRs and MHC Il-bound
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allergens on the B cells, alongside signals from IL-4
and 1L-13 secreted by Th2 cells. This interaction
promotes the maturation of B cells into plasma cells
that secrete IgE specific to the food allergen. These
IgE molecules bind to high-affinity FceRI receptors
on the surface of tissue mast cells or blood basophils,
completing the sensitization phase [27, 34].

The elicitation phase occurs with subsequent
exposure to the same or cross-reactive food
allergens, where these allergens cross-link FceRI-
bound IgEs on mast cells and basophils, leading to
their degranulation and the release of mediators such
as histamine. These mediators cause the symptoms
of a food allergic reaction, which can affect multiple
organs, leading to gastrointestinal issues, respiratory
inflammation, skin and eye itching and swelling, and
in severe cases, life-threatening anaphylaxis [27].

Non-lgE-mediated cow's milk allergy engages
distinct immunological pathways, predominantly
involving T cell-mediated mechanisms rather than
the classical IgE antibody-driven responses. The
strongest evidence points to the involvement of food
allergen-specific suppressor CD8 T cells in patients
with food protein-induced enteropathy (FPE). The
presence of food-specific IgE antibodies locally in
the gut, despite their absence in the bloodstream,
suggests a role for local mucosal IgE in these
conditions [33]. Food protein-induced enterocolitis
syndrome (FPIES) is often thought to be mediated
by T cells, although research on T cells in FPIES
patients is limited. Some studies have shown T-cell
proliferation in response to food antigens, but the
stimulation index is not consistently different from
that of nonallergic controls [31]. Increased levels of
intestinal interferon-gamma (IFN-g) have been
associated with villous damage, and in FPIES
patients, an imbalance between intestinal tumor
necrosis factor-alpha (TNF-a) levels and reduced
transforming growth factor-beta (TGF-b) expression
has been observed [35]. It is suggested that T-cell
activation by food allergens might trigger local
intestinal inflammation by releasing
proinflammatory cytokines, such as TNF-a and IFN-
g, leading to increased intestinal permeability and
fluid shift [35, 36]. The clinical manifestation of
symptoms usually appears several hours to days
following the ingestion of cow's milk. Unlike IgE-
mediated  allergies, non-IgE-mediated  food
hypersensitivities  predominantly  target the
gastrointestinal system, with minimal involvement
of the cutaneous or respiratory systems [37]. The
symptoms include diarrhea, constipation, vomiting,
abdominal pain, gastroesophageal reflux disease
(GERD).
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PROPHYLAXIS AND MANAGEMENT OF
COW’S MILK ALLERGY

The literature reveals diverse strategies aimed at
reducing the incidence and managing CMA in
infants. Primary prevention strategies should be
implemented in infants considered at high risk for
developing CMA. This group includes infants
reported with first-degree relatives with a history of
FAs, history of atopic dermatitis or other allergic
conditions and delayed introduction of common
allergenic food during infancy [38].

The role of maternal diet in cow’s milk allergy
prophylaxis

There is limited evidence to support altering the
maternal diet during pregnancy or lactation to
prevent CMA [39]. Kramer and Kakuma analyzed
five trials and concluded that avoiding allergens
during pregnancy and lactation is unlikely to reduce
the risk of atopy in children [40]. Studies have
shown that avoiding specific foods, like cow's milk
or eggs, during pregnancy and lactation does not
decrease the incidence of CMA or egg allergy in
infants [41, 42]. This is because the relationship
between allergen exposure and allergy risk follows a
bell-shaped curve: high exposure fosters tolerance,
very low exposure fails to elicit a response, and mid-
range exposure increases the risk of sensitization.
Avoidance merely shifts this curve, leading to no
significant change in the overall population, with
some individuals moving from high-dose tolerance
to mid-range sensitization, and others from mid-
range to low-dose without sensitization.

High-dose allergen exposure during pregnancy is
an emerging approach in CMA prophylaxis. Animal
studies suggest potential benefits, for instance,
administering oral ovalbumin during pregnancy
induced tolerance in infant BALBc mice, a
protective effect disrupted by inhibiting placental
IgG transfer or infant memory T-cell IFN-y
production [43]. Additionally, a study of 1.277
mother-child pairs in the USA found that high
peanut consumption in the first trimester reduced the
risk of peanut allergy, while high milk intake in the
first trimester lowered the odds of developing
asthma and rhinitis. High wheat intake in the second
trimester was also associated with a reduced risk of
eczema [44].

Breastfeeding as a primary option in cow’s milk
allergy prophylaxis

The composition of breastmilk is complex and
consists of many biologically active substances,
immunomodulating proteins, growth factors and
antioxidants. (Figure 1). These mechanisms include

the anti-allergic properties found in breast milk, the
possibility that extended breastfeeding might delay
allergen introduction, and the presence of antibodies
in the milk that may bind with food antigens to
promote tolerance [45]. In animal studies, it has been
shown that antigen-immunoglobulin G immune
complexes from sensitized mothers can be
transferred to their newborns via the neonatal Fc
receptor, leading to the development of antigen-
specific FoxP3(+) CD25(+) regulatory T cells [46].
This transfer may induce tolerance and support the
primary prevention of CMA [47].

Recent research has highlighted the role of short-
chain fatty acids (SCFASs), particularly butyrate, in
enhancing oral tolerance in offspring. [48, 49]
Additionally, human milk oligosaccharides (HMOs)
in breast milk, as well as prebiotics like
galactooligosaccharides or specific HMOs such as 2-
fucosyllactose included in infant nutrition, can
stimulate SCFA production, suggesting a potential
role in preventing CMA [50]. Breast milk also
contains a variety of bioactive components,
including immune-active peptides (cytokines), fatty
acids, HMOs, microbial content, and micronutrients,
all of which have been shown to modulate the
immune system [51].

Immunomodulating Components
of Human Breast Milk

Antibodies Growth Factors
(s-1gA, lgG. Igh) (EGF, TGF-B, IGF-1, VEGF,
b ] HGF, BDNF, FGF)
Cytokines N n .
L1, 1L-6, IL-8, TI, » Lactofferin
g
- thih
Antioxidants <«— —_— Fatty Acids
(Gluthathione, Vitamin A/E) (Stearic, Palmitic, Oleic,
/ \ Arachidonic, Linoletc Acid)
Glutamine
(L-glutaming, 1 L!{SOZ!{me
Oligosaccharides -
(2-FL, LNT, LNnT, 3-FL &-SL, 2-SL, DSLNT, INFP I)

Figure 1. Molecules in the human milk with potential
immune-modulating role. Abbreviations: s-IgA - soluble
Immunoglobulin A; 1gG - Immunoglobulin G; IgM -
Immunoglobulin M; IL-1 - Interleukin 1; IL-6 -
Interleukin 6; IL-8 - Interleukin 8; IL-10 - Interleukin 10;
TNF-a - Tumor Necrosis Factor-Alpha; EGF - Epidermal
Growth Factor; TGF-p - Transforming Growth Factor-
beta; IGF-1 - Insulin-like Growth Factor 1;VEGF -
Vascular Endothelial Growth Factor; HGF - Hepatocyte
Growth Factor ; BDNF - Brain-Derived Neurotrophic
Factor; FGF - Fibroblast Growth Factor; hLf - Human
Lactoferrin; hLz - Human Lysozyme; 2-FL - 2'-
Fucosyllactose; LNT - Lacto-N-tetraose; LNnT - Lacto-
N-neotetraose; 3-FL - 3-Fucosyllactose; 6-SL - 6'-
Sialyllactose; 3'-SL - 3'-Sialyllactose; DSLNT -
Disialyllacto-N-tetraose; LNFP I - Lacto-N-fucopentaose
I
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In a study of non-high-risk newborns followed up
to 17 years of age, breastfeeding was associated with
lower rates of food allergy at 1 and 3 years, as well
as a lower “score of respiratory allergies” up to 17
years of age compared with cows’ milk formula fed
individuals [52, 53]. Exclusive breastfeeding is
recommended by the World Health Organization
(WHO) as the optimal feeding practice for the first 6
months of the infant’s life [54]. Breast milk
promotes the development of oral tolerance to
allergens as it contains various immunologically
active components. A multidisciplinary systematic
review concluded that exclusive breastfeeding has a
protective effect against CMA in early childhood,
particularly in infants considered to be at high risk
[55]. However exclusive breastfeeding does not
totally eliminate the risk as statistics show that
approximately 0,5% of exclusively breastfed infants
still develop CMA [56].

The PROBIT trial, one of the longest cohort
studies, recently reported that infants who were
breastfed had a lower risk of developing flexural
dermatitis when 18 years old. However, the study
found no significant impact on lung function or the
incidence of CMA and asthma [57].

Secondary alternatives in cow’s milk allergy
prophylaxis and management

If breastfeeding is insufficient or not possible,
infants at high-risk can be recommended a
hypoallergenic formula as a primary prevention
strategy [58]. The most common hypoallergenic
alternatives include infant formulas based on CMP.
Enzymatic hydrolysis is a key biochemical process
in reducing the allergenicity of CMP and providing
a safe nutritional option for high-risk infants or those
already diagnosed with CMA. By breaking down
proteins into smaller fragments with low
immunogenic characteristics, the immune system is
less likely to trigger an allergic response but at the
same time the exposure to small protein fragments
helps in inducing oral tolerance to CMP. A social-
metric study conducted among infants with atopy
signs shows that hydrolyzed formulas can minimize
the clinical signs and prevent severe allergic
reactions [59]. Other less common alternatives
include plant-based formulas or formulas based on
mammalian milk proteins (goat, sheep, camel, horse,
donkey).

v' Partially hydrolyzed formulae for non-
exclusively breastfed infants. Partially hydrolyzed
formulae (pHF) typically contain peptides with
molecular weights under 5,000 Da, reducing
allergenicity by removing some sensitizing epitopes
while retaining peptide sizes that promote oral
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tolerance. [60-62] The role of pHF in preventing
CMA has been debated [63]. The GINI study, a long-
term, large-scale research project, found that whey
pHF significantly reduced atopic dermatitis (AD)
and respiratory symptoms up to age 15. However,
more recent studies, including those with prebiotic-
enriched pHF, have shown no preventive effect [64-
68]. There is no consensus on the impact of early
exposure to intact CMP on CMA risk later in life.
Some studies suggest that early introduction of CMP
within the first 14 days of life may lower IgE-
mediated CMA rates, while delayed introduction is
associated with higher atopy risk by age of 2 [69].

v Continuous early CMP exposure might
reduce CMA risk, while intermittent exposure
followed by avoidance could increase it, with family
history possibly influencing outcomes [70].

v Extensively hydrolyzed formulae Whey- or
casein-based extensively hydrolyzed formulas (eHF)
are considered the primary treatment for formula-fed
infants with CMA [71]. These formulas contain
short peptides derived from cow’s milk, created
through enzymatic breakdown and ultrafiltration of
intact proteins. There are notable differences in the
peptide molecular weights and profiles within eHF
products [72, 73]. Due to this variation, the European
Academy of Allergy and Clinical Immunology
(EAACI) has advocated for stricter standards for
eHF in Europe, including preclinical testing, quality
assurance, and specific labeling requirements [74].
In 2016, DRACMA expanded their
recommendations to include rice hydrolysate as a
first-line option in regions where it is available [75].
According to ESPGHAN, eHF should be
recommended as a first choice for CMA
management for infants when breastfeeding is
insufficient or not possible [76].

v" Amino acid-based formulae Amino acid-
based formula (AAF) is a synthetic, nutritionally
complete formula free of cow’s milk antigens, used
to treat infants with severe CMA. Its cost-
effectiveness varies depending on the healthcare
system and formula costs in different countries [77,
78]. AAF is not a first-line treatment but is
recommended for infants who do not respond to eHF
or have very severe symptoms like cow’s milk
anaphylaxis or multiple food intolerances [79, 80].
Since tolerance development is believed to be driven
by exposure to antigens, AAF is unlikely to promote
tolerance, although a recent study found that adding
synbiotics to AAF improved gut microbiota in non-
IgE-mediated allergic infants [81, 82]. However,
prolonged use of AAF for more than six months has
been linked to hypophosphatemic bone disease,
particularly ~ in  children  with  complex



V. Docheva et al.: Prevention and management of cow’s milk allergy in infants

gastrointestinal conditions, with calcium and
phosphorus levels normalizing after switching to
eHF [83, 84]. Studies on healthy volunteers showed
no differences in calcium and phosphorus
bioavailability from various types of AAF, even
when used with acid-suppressant medication [85].

CONCLUSION

CMA is the most common and most studied FA
in early childhood particularly in infants considered
as high-risk. Despite recent advances in the
understanding of CMA, it still represents a
challenging condition with many uncertainties
regarding its prophylaxis and treatment. A
significant body of evidence highlights the important
role of exclusive breastfeeding as a gold standard for
infant nutrition and a primary preventive measure
against CMA. For non-breastfed infants at risk of
developing CMA, pHF or eHF are considered a safe
and successful alternative for both prevention and
management among high-risk infants with a family
history of allergy. Additionally, infants with
confirmed CMA who show severe allergic reactions,
such as anaphylaxis, are recommended the use of a
non-allergenic infant formula, where AAF is
considered an alternative. The allergenicity of
proteins in AAF is completely reduced in order to
avoid elicitation of allergic reactions, and is thus
suitable for the management of CMA. Overall, CMA
management requires a personalized approach,
ongoing research, and refinement of dietary and
formula-based interventions to better prevent and
treat food allergies in infants.
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Comfrey (Symphylus officinale L.) roots — a source of polyphenols and fructans
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The aim of this research was to evaluate the content of polyphenols, fructans and the antioxidant activity of water extracts
of comfrey roots obtained using ultrasound-assisted extraction. Isolation of inulin from the roots using microwave-assisted
extraction and chemical characterization was also performed. The total contents of phenols and flavonoids were evaluated
using spectrophotometric methods. Antioxidant potential was evaluated using DPPH and FRAP methods. Sugars and fructans
were determined by HPLC-RID method. Isolated inulin was characterized for yield, fructose content, degree of polymerization
and molecular weight. Its structure was elucidated using FTIR spectroscopy. From the conducted research it was found that
comfrey roots were rich sources of total flavonoids (64.86 mg quercetin equivalents/g dry weight) and fructans (13.43 g/100 g
dry weight). Higher values of the antioxidant potential were found using FRAP method. Polysaccharide isolated by
microwave-assisted extraction had fructose content of 64.1 %, high degree of polymerization (29-33) and molecular weight of
5.15-5.36 kDa. FTIR spectroscopy confirmed that isolated polysaccharide was inulin-type fructan with characteristic bands for
B(2—1) bonds. To the best of our knowledge this is the first detailed analysis of inulin-type fructan isolated from comfrey
(Symphylus officinale L.) roots. As sources of flavonoids and inulin, comfrey roots can find further application in cosmetics
and pharmacy.

INTRODUCTION carbohydrate composition was partially revealed,
especially inulin [5]. It was reported that
polysaccharides from comfrey roots possess a strong
antioxidant effect due to the presence of uronic acid
group [7], as well as hypoglycemic activity [7-9].
Polysaccharides from comfrey roots were isolated
by other researchers and the optimum extraction
conditions were found. In most of the studies water
was used as a sovent in combination with enzyme
and or ultrasonic waves [8, 9]. In some studies,
microwaves and ultrasonic irradiation were
mentioned as prospective approaches for isolation of
polysaccharides, especially inulin [8-10]. However,
the analysis of bioactive compounds in water
extracts, as well as the elucidation of the
characteristics of inulin obtained from comfrey roots
still remains a challenge. Little is known about the
structure of inulin-type fructan from comfrey roots.
The aim of this research was to determine the content
of polyphenols and inulin-type fructans, as well as
the antioxidant activity of water extracts of comfrey
roots obtained using ultrasound-assisted extraction.
As an additional task, inulin was isolated by
microwave-assisted extraction and its chemical
characterization was performed.

Comfrey (Symphylus officinale L.) is a medicinal
plant from Boraginaceae family that occurs mainly
in Europe, Asia and South America. Its roots are
traditionally used for curing wounds, joint disorders,
and musculoskeletal injuries [1-3]. Due to the rich
content of phytochemical compounds in comfrey
roots as allantoin, rosmarinic acid, and other
hydroxycinnamic acid derivatives, as well as muco-
polysaccharides [4], inulin [5] A, B and C vitamins,
triterpenoid saponins, tannins, calcium, potassium,
and selenium [1,2] these roots find various
applications in phytoterapy. Moreover, the phenolic
acids (e.g., rosmarinic, p-hydroxybenzoic, caffeic,
chlorogenic and p-coumaric) display remarkable
antioxidant effects, besides their positive impact on
human skin fibroblasts [6]. Extraction techniques
using different solvents were the most important
tools for obtaining biologically active compounds
from comfrey roots. Many researches deal with
different extraction approaches for obtaining mainly
polyphenolic compounds [1, 3, 4] — conventional
extraction [2, 5], pressure-liquid extraction [1],
supercritical fluid extraction [1]. Less attention was
paid to the extraction of carbohydrate and
evaluation of the polysaccharide structure of
comfrey roots. In our previous study the

* To whom all correspondence should be sent:

E-mail: petkovanade/da@abv.bg © 2025 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

117


mailto:petkovanadejda@abv.bg

Kr. Stefanov et al.: Comfrey (Symphylus officinale L.) roots — a source of polyphenols and fructans

EXPERIMENTAL
Plant material

Dried roots of Symphylus officinale (Radix
Symphyti) were produced by Thalloderma
(Bulgaria). The dry plant material was finely ground
and passed through a 0.5 mm sieve. The ground
samples were kept in a screwed capped container at
room temperature for further analysis. For the
isolation of fructan from comfrey roots, successive
extraction with hexane, chloroform, and ethyl
acetate was performed by maceration for 24 h at
25°C, at solid-to-liquid ratio (1:5 wi/v), as previously
described [10] to remove fatty and polyphenolic
compounds.

Ultrasound-assisted extraction of comfrey roots

The extraction procedure was performed in 50 ml
plastic tubes at solid-to-liquid ratio of 1:10 (w/v) in
an ultrasonic bath SIEL UST 5.7-150 (Gabrovo,
Bulgaria) operating at 36 kHz frequency and 240 W
ultrasonic power. The extraction was done with
distilled water at 75 °C for 20 min in duplicate [11].
The water extracts were filtered and combined for
further analysis of total phenols, flavonoids,
antioxidant activity and carbohydrate composition.

Microwave-assisted isolation of inulin from S.
officinalis

The residual comfrey root sample after washing
with hexane, chloroform, and ethyl acetate was dried
at room temperature and then extracted with distilled
water (30 g roots with 300 ml of boiling water) in
duplicate using a microwave device Crown (2452
kW), with microwave power of 700 W for 5 min
[10]. The hot water extract was filtered through
nylon cloth. The cooled filtrate was precipitated with
acetone (1:4 v/v). The precipitate was separated by
centrifugation and then purified by recrystallization
in boiling water and precipitated with acetone (1:5
v/v). The obtained polysaccharide was filtered and
dried at 40 °C.

Evaluation of total phenols, flavonoids and
antioxidant activity

The evaluation of total phenols was done using
Folin—Ciocalteu’s reagent. The total flavonoids were
determined using AI(NOs)s reagent at 415 nm [12].
The results were expressed as mg equivalents
quercetin (QE)/ g sample [13].

DPPH radical scavenging assay was performed
with DPPH (2,2-diphenyl-1-picrylhydrazyl radical)
reagent as previously described [14]. Ferric-
reducing antioxidant power (FRAP) assay was
performed according to [14]. The absorbance of the
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reaction mixture was recorded at 593 nm. The results
for the antioxidant activity were expressed as mM
Trolox equivalent (TE)/g dw.

Carbohydrate analysis

The fructans content was determined by
resorcinol-thiourea spectrophotometric method at
480 nm [10]. The individual sugars and inulin were
determined by HPLC-RID method [5].

Characterization of fructan from comfrey roots
obtained by microwave-assisted extraction

The melting point was measured with a Kofler
apparatus. The reducing groups were determined by
the PAHBAH method at 410 nm [10], while total
fructose content - by resorcinol-thiourea reagent at
480 nm [11]. The purity of fructan was assessed on
an HPLC instrument Elite Chrome Hitachi with a
Shodex® Sugar SP0810 column (300mm x 8.0mm
i.d.) (Shodex Co., Tokyo, Japan) at 85°C, flow rate
of 1.0 ml/min and injection volume of 20 pl [10].
High-performance size-exclusion chromatography
(HPLC-SEC) was used for the determination of
number average molecular weight (Mn), and weight
average molecular weight (Mw). The analysis of
comfrey inulin was performed on HPLC
chromatograph ELITE LaChrome (VWR Hitachi,
Japan) using a column Shodex OH-pack 806 M
(300mm x 8.0mm) at 30°C and an RI detector (VWR
Hitachi Chromaster, 5450, Japan) with 0.1M NaNQO3
[15]. Polydispersity index (X) of inulin was
calculated as the ratio of the two molecular weights
(Mw/Mn).

FTIR spectroscopy

The isolated fructan (2 mg) was pressed into a
KBr tablet and FTIR spectrum was collected on a
FTIR Avatar Nicolet (Thermo Scientific, USA)
spectrometer in the wavelength range of 4000-400
cm? after 128 scans at a resolution of 2 cm™.

Statistical analysis

All experimental measurements were carried out
in triplicate and are expressed as average of three
analyses + standard deviation.

RESULTS AND DISCUSSION

Biologically active compounds and antioxidant
activity in comfrey root water extracts

Most studies of comfrey roots using the acoustic
cavitation effect induced by the ultrasound waves
lead to sonolysis facilitating solvent migration into
the cell. The extraction of intracellular compounds
was connected with extraction of polysaccharides,
polyphenols, allantoin and pyrrolizidine alkaloid
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[16]. The results for total polyphenols, flavonoids,
antioxidant activity and fructan content in water
extracts obtained by ultrasound-assisted extraction
of comfrey roots are presented in Table 1.

Table 1. Total polyphenols, flavonoids, fructans and
antioxidant activity in water extracts of comfrey roots

Characteristics Svc;?;frrg){t:ggtt
Total polyphenols, mg GAE/g dw 0.72+0.07
Total flavonoids, mg QE/g dw 64.86+0.53
Antioxidant activity, mM TE/g dw
DPPH 2.60+0.32
FRAP 4.31+0.35
Total fructans, g/100 g dw 13.41+0.53
Inulin, g/100 g dw 10.10+0.53
Nystose, g/100 g dw Not detected
1-kestose , g/100 g dw Not detected
Sucrose, g/100 g dw 0.80+£0.01
Glucose, g/100 g dw 1.21+0.03
Fructose, /100 g dw 1.32+0.05

It was found that the highest amount of total
flavonoids was 64.86 mg QE/g dw. This confirmed
our earlier finding that the comfrey root extracts
showed higher content of flavonoids than phenolic
acids [5]. The total phenolic content (0.72 mg
GAE/g dw) in this study was between 10-100 times
lower than the values for other extracts reported
previously [5, 17, 18]. The antioxidant potential was
evaluated by two methods based on different
mechanisms, and FRAP showed the highest values
4.31 mM TE/g dw. The radical scavenging ability of
the water extract obtained by ultrasonic extraction
evaluated by DPPH method was 2.60 mM TE/g dw.
Our results were higher than the literature data for
the antioxidant potential of S. officinale root
ethanol/water extracts evaluated by DPPH method
(0.985 mM TE/g [2]. The antioxidant potential of
comfrey water extracts was comparable with
previous reports for comfrey extracts [5, 17]. In
previous studies comfrey roots hydroalcoholic
extracts demonstrated antioxidant activity by FRAP
method between 14.42-82.42 mg TE/g extract
[3,16], while that of the dichloromethane fraction
was 6.67 mg TE/g extract [16].

The presence of fructans (or polyfructans) in
Symphylus sp., especially comfrey Symphylus
officinale was reported previously [19-21], as
fructan content varied between 27-47% dw
depending of time of harvest and development of
plant [21]. Our previous study clearly demonstrated

that comfrey roots contained fructans (27-32 g/100 g
dw) [5]. In the present research the HPLC-RID
chromatogram of the carbohydrate profile of
comfrey root water extracts obtained by ultrasound-
assisted extraction is shown (Fig. 1). In the water
extracts inulin, sucrose and two monosacharides -
glucose and fructose are clearly seen. The detected
total fructans in the water extract of comfrey root
obtained by ultrasound-assisted extraction were
13.43 g/100 g, while inulin was 10.10 g/100 g dw.
However, fructooligosacchrides nystose and 1-
kestose were not detected. Only small amounts of
sucrose, glucose and fructose were found (Table 1).
These results were almost two times lower in
comparison with our previous report for fructan and
inulin (27.6 and 24.9 g/100 g dw) in comfrey roots
obtained by classical sequential ethanol and water
extraction [5]. The levels of sucrose and glucose
were also two times lower, while fructose was more
than 4 times lower. The difference in composition of
sugars and inulin can be related to harvest time of
roots, as well as used extraction technique.

Isolation and characterization of inulin-type
fructan from comfrey roots

The physicochemical characteristics of inulin
from comfrey roots obtained after microwave-
assisted extraction are summarized in Table 2.

Table 2. Physicochemical characteristics of inulin
isolated form comfrey roots obtained by microwave-
assisted extraction

Characteristics Comfrey Inulin raftiline
inulin HP
Yield, % 15.4+1.4 -
Purity, % 36.6+0.5 85.5+0.4
Melting point, °C 183-184 175-179
Fructose content, % 64.1+0.5 75.3x0.4
Reducing groups, % 2.3£0.5 2.310.4
DP by 29 34
spectrophotometric
method
DP by HPLC-SEC 33 26
Mw, kDa 5.36 4.02
Mn, kDa 5.15 4.19
Polydispersity index 1.04 1.03

The results for the obtained comfrey inulin-type
fructan were compared with those for commercial
chicory high-molecular inulin with degree of
polymerization 26. The yield of isolated comfrey
polysaccharide was 15.4 % with low purity (36.6%).
In this fructan the fructose content was 64.1 % and
that of reducing groups was 2.3 %.
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Fig. 1. HPLC-RID chromatogram of water extract from comfrey roots, where 1-inulin, 2-sucrose, 3-glucose and 4-

fructose

It was the first detailed study about inulin isolated
from the comfrey roots. Inulin isolated from its roots
possessed high degree of polymerization (29-33)
and molecular weight of 5.15-5.36 kDa. Vasfilova
and Vorob'eva [21] reported on the presence of
glucofructan in Symphylus officinale roots with low
molecular weight at the beginning of the vegetation
period and high molecular weight at the end of the
vegetation - 45-47%. According to these authors the
low-molecular fructans reached 11%, while high
molecular ones - 295% with index of
polymerization 0.7-1.0. It was reported that comfrey
polysaccharide fractions (comprising 78.01% to
85.70% of total polysaccharides) were recovered
with yields varying from 7.39 to 24.51% [8, 25].
Moreover, it was reported that polyfructans in roots
and rhizomes of Symphytum caucasicum can reach
22-25%, as fructose containing carbohydrates are
44-51% with degree of polymerization of fructans
between 0.49-0.50 [22]. It was also found that in a
water-soluble  high-molecular  preparation  of
Symphytum grandiflorum the main components of
mucilage are glucofructans (67 %) [24]. In addition,
Haap et al. [25] reported for inulin type fructan from
root and leaves of Symphylus officinale with degree
of polymerization 33, that coincided with the degree
of polymerization of inulin from comfrey roots
obtained by microwave-assisted extraction found in
this study. In general, the isolated inulin-type fructan
is characterized with high molecular mass and
degree of polymerization higher than chicory, dahlia
and burdock inulin [10, 15]. The degree of
polymerization is an important feature that brings
about functional and biological activity of fructans

120

[25]. The isolated comfrey inulin with DP 29-33
could be a good immunomodualtor and taste
enhancer, but additional studies are required.

HPLC-SEC chromatogram of polysaccharide
from comfrey isolated by microwave-assisted
extraction is presented (Fig. 2). Four peaks are seen,
the first broad peak at 9.6 min due to polysaccharide
with high molecular mass (Mw 1158 kDa and Mn
955 kDa) and polydispersity index of 1.21. The
second symmetric peak at 12.7 min is fructan with
high molecular weight (Mw 5.1 kDa and Mn 5.3
kDa). The polydispersity index of the isolated
comfrey fructan was 1.04, that was near to chicory
inulin, as well as burdock, echinacea and dahlia
inulin-type fructans [10, 15-23]. In addition,
comfrey polysacchrides with molecular weight
distribution from 2.8 to 3420 kDa have been reported
[8, 9]. It was explained that the size distribution
depended on the drying conditions or extraction
procedures [26, 27]. Acording to Chen et al. [8]
when comfrey root polysaccharides were extracted
with hot water, there was a distinct group with a
molecular weight of 5811.42 Da, that was close to
our finding for fructan from comfrey with molecular
weight of 5.3 kDa.

It was previously reported that comfrey
polysaccharides are non-starch polysaccharides and
are primarily composed of galactose, arabinose,
glucose, and galacturonic acid, indicating that they
may pass to the end of the intestinal tract of
monogastric animals and be fermented by intestinal
microflora [26].
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Fig. 3. FTIR spectra of inulin: a) chicory inulin Raftiline HPX DP=25, b) isolated inulin from comfrey roots by

microwave-assisted extraction with DP 29-33

FTIR specroscopy

The structure of comfrey inulin isolated by
microwave-assisted water extraction was confirmed
by FTIR spectroscopy (Fig. 3). The comfrey inulin
spectrum was compared with the spectrum of
chicory inulin raftiline HPX DP=25. The assigned
bands are summarized in Table 3. These spectra
demostrated all typical bands for inulin-type fructans
[28]. It was found that a broad band at 3396 cm™* was
due to O—H stretching vibrations associated with
inter- and intramolecular hydrogen bonds in the
inulin structure. The bands at 29302932 cm™ were
due to C—H asymmetric stretching vibrations. The

bands at 2889 cm™* were characteristic of symmetric
stretching vibrations of C—H from CH>. The bands at
1445 cm™ were due to symmetric stretching
vibrations of C—H in pyranosyl ring and fo—u (OH).
The bands at 1129 cm™ were assigned to C-O-C
ring stretching vibrations from glycoside linkage.
The bands at 1024 cm™* were assigned to C-O
stretching vibrations. Similar bands at 3377 cm™,
2937 cm?, 1419 cm and 1140 cm™ were reported
in the FTIR spectrum of comfrey root
polysaccharide with molecular weight of 3812.39 Da
and monosaccharide  composition including
galacturonic acid (GalA), arabinose (Ara), glucose
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(Glc), and galactose (Gal) in a molar ratio of GalA,
Ara, Glc, and Gal of 1.00:0.88:2.28:1.13,
respectively [9]. The band at 937 cm™ showed the
presence of a-D-glucopyranosyl residue in the
carbohydrate chain. The band for 2-ketofuranose and
B-anomer bendings in C1-H was detected at 873
cmtand the occurence of a typical band at 816 cm™
confirmed the presence of 2-ketose in a pyranosyl or
furanosyl ring (Table 3).

Table 3. Assignment of bands in the FTIR spectrum
of inulin isolated from comfrey roots

Band Observed Assignment

intervals | bands

3200 - 3396 O—H stretching vibrations,

3400 intramolecular H-bonds

2933 - 2930 vC—Has(CHy)

2981

2850 - vC—Hs(CH,)

2904 2889

1455 - 1445 vC—-Hs(CHy>) in pyranosyl

1470 ring, fo—u (OH)

1225 - 1218 Bo—u (OH)

1235

1125 - 1129 vC-0-Cas (C-0-C),

1162 glycoside linkage

1015 - 1024 vC-0 (C-0)

1060

925-930 | 937 a-D- Glcp residue in
polymer chain

867 873 p CHz in ring, B-anomer
bendings C1-H, B-anomer,
2-ketofuranose

817 816 2-ketose in pyranosy! or
furanosyl ring

These bands are in accordance with a previous
report [27]. The last bands in the fingerprint region
are typical for inulin and inulin-type fructans.
Similar bands in the FTIR spectra were reported
earlier for inulin-type fructan, especially the bands at
935, 873, and 818 cm™* were typical for inulin from
different plant sources such as burdock, echinacea,
dahlia, and chicory [10, 15, 23, 27].

CONCLUSION

The current research enlarges the knowledge
about the phytochemical composition of comfrey
roots emphasizing on carbohydrate profile and
flavonoids content in the extracts obtained after
ulrasonic irradiation. This is the first detailed report
on the isolation and chemical characterization of
high- molecular long-chain inulin-type fructan with
degree of polymerisation of 29-33 from defatted
comfrey (Symphylus officinale L.) roots by
microwave-assisted extraction. The comfrey roots
were evaluated as a promising source of inulin — 10-
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15 g/100 g dw, depending on the applied extraction
technique. Further studies about the health impract
of comfrey fructan are needed. In general, it may be
concluded that comfrey roots are sources of
flavonoids, antioxidants and inulin, and may thus
find application in cosmetics and pharmacy.
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RESULTS AND DISCUSSION, etc. The title page comprises headline, author(s)’ names and affiliations,
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Abbreviations, symbols, chemical formulae, references and footnotes should be avoided. If indispensable,
abbreviations and formulae should be given in parentheses immediately after the respective full form.

b) The author(s)’ first and middle name initials and family name in full should be given, followed by
the address (or addresses) of the contributing laboratory (laboratories). The affiliation of the author(s) should
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References should be numbered sequentially in the order, in which they are cited in the text. The
numbers in the text should be enclosed in brackets [2], [5, 6], [9—12], etc., set on the text line. References are
to be listed in numerical order on a separate sheet. All references are to be given in Latin letters. The names of
the authors are given without inversion. Titles of journals must be abbreviated according to Chemical Abstracts
and given in italics, the volume is typed in bold, the initial page is given and the year in parentheses. Attention
is drawn to the following conventions: a) The names of all authors of a certain publications should be given.
The use of “et al.” in the list of references is not acceptable; b) Only the initials of the first and middle names
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initials, e.g. “Bush and Smith [7] pioneered...”. If the reference carries the names of three or more authors it
should be quoted as “Bush et al. [7]”, if Bush is the first author, or as “Bush and co-workers [7]”, if Bush is
the senior author.

Footnotes should be reduced to a minimum. Each footnote should be typed double-spaced at the
bottom of the page, on which its subject is first mentioned. Tables are numbered with Arabic numerals on the
left-hand top. Each table should be referred to in the text. Column headings should be as short as possible but
they must define units unambiguously. The units are to be separated from the preceding symbols by a comma
or brackets. Note: The following format should be used when figures, equations, etc. are referred to the text
(followed by the respective numbers): Fig., Eqns., Table, Scheme.

Schemes and figures. Each manuscript should contain or be accompanied by the respective illustrative
material, as well as by the respective figure captions in a separate file. As far as presentation of units is
concerned, SI units are to be used. However, some non-SI units are also acceptable, such as °C, ml, 1, etc.
Avoid using more than 6 (12 for review articles) figures in the manuscript. Since most of the illustrative
materials are to be presented as 8-cm wide pictures, attention should be paid that all axis titles, numerals,
legend(s) and texts are legible.

The authors are required to submit the text with a list of three individuals and their e-mail addresses
that can be considered by the Editors as potential reviewers. Please note that the reviewers should be outside
the authors’ own institution or organization. The Editorial Board of the journal is not obliged to accept
these proposals.

The authors are asked to submit the final text (after the manuscript has been accepted for publication)
in electronic form by e-mail. The main text, list of references, tables and figure captions should be saved in
separate files (as *.rtf or *.doc) with clearly identifiable file names. It is essential that the name and version of
the word-processing program and the format of the text files is clearly indicated. It is recommended that the
pictures are presented in *.tif, *.jpg, *.cdr or *.bmp format. The equations are written using “Equation Editor”
and chemical reaction schemes are written using ISIS Draw or ChemDraw programme.
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