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ABSTRACT

There is growing evidence that a disturbed microbiota, a complex ecosystem, is associated with the development of
numerous diseases, including arterial hypertension. This complex cardiovascular disease is the result of not sufficiently
clear role that genetic and environmental factors play in it. Not only does the treatment of hypertension include a
drug therapy, but also it includes a variety of non-pharmacological measures based on dietary intervention. Probiotics
and prebiotics are besides the nutrition the most commonly used substances that are aimed at maintaining a healthy
microbiome or restoring the balance in case of disturbed bacterial homeostasis in disease. Although many studies
have confirmed the effects of an imbalance in the gut microbiota (dysbiosis) in the last decade, the benefits of dietary
intervention with probiotics in people with hypertension need to be supported by stronger evidence and further clinical
trials in order to be ultimately confirmed.
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SAZETAK

Sve je vise dokaza da je narusen sustav ljudske mikrobiote, kompleksnog eko sistema, povezan s patogenezom
brojnih bolesti, medu ostalim i arterijske hipertenzije (AH). Ova kompleksna kardiovaskularna bolest rezultat je jos
uvijek nepotpuno jasne uloge genetskih i okolisnih ¢imbenika. Lijecenje AH pored medikamentnog lijeCenja obuhvaca i
visestruke nefarmakoloske mjere Ciji temelj predstavljaju dijetalne intervencije. Najcesce koristene tvari kojima se nastoji
odrzati zdrav mikrobiom ili uspostaviti ravnoteZa pri poremecéenoj bakterijskoj homeostazi u bolesti su, osim prehrane,
probiotici i prebiotici. lako mnoga istraZivanja u zadnjem desetlje¢u potvrduju ucinak disbalansa crijevne mikrobiote (tzv.
disbioze), za definitivhu potvrdu dobrobiti dijetalne intervencije probioticima kod osoba s AH, potrebni su snazniji dokazi

te daljnja klinicka istrazivanja.

Kljucne rijeci: mikrobiota, probiotici, prebiotici, arterijska hipertenzija
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INTRODUCTION

Not only do the foods have the purpose of supplying
the organism with nutrients for the fundamental
functions of growth and development nowadays, but
also it is becoming an increasingly important component
in maintaining health and everyday quality of life (Shori,
2015; Markowiak and Slizewska, 2017). The improvement
of technological processes of food production and
processing as well as new scientific insights related to
nutrition have led to a reduction of incidence of diseases
caused by lack of nutrients. However, we are facing the
challenges of malnutrition at the same time (Shao et al.,
2017). An increasing number of citizens in the European
countries practice the so-called the Western pattern
diet, which is characterized by a high intake of red meat,
animal fat, sweets and desserts, as well as a low intake
of fresh fruits and vegetables and low-fat dairy products,
and in general we eat too much processed food and too
little fermented food, which results in a lower diversity
of microbiota. This diet accompanied by reduced physical
activity increases the risk of nutritional deficits, obesity
and chronic diseases (Hariharan et al., 2015; Furman et al.,
2019). Food and lifestyle have thus become the leading
factors that affect the economic and social status, life
expectancy and quality of life of the inhabitants of Europe
(Granato et al., 2010). Ultra-processed foods with a high
glycemic index, which are highly present in such foods,
stimulate oxidative stress, which causes the activation
of various inflammatory processes (Furman et al., 2019).
In contrast, meals rich in fresh fruits and vegetables with
little red meat, and foods included in the Mediterranean
diet, can reduce the risk of chronic diseases (Hariharan et
al.,, 2015) This is the reason why a great attention is paid
to the composition of food, and great efforts are made
in developing the so-called functional products that will
meet the nutritional needs of consumers, and at the same
time have a beneficial effect on their health.

USE OF PROBIOTICS AND PREBIOTICS

In addition to nutrition, probiotics and prebiotics
are the most commonly used substances taken with an
aim to maintain a healthy microbiome or to establish a

balance when bacterial homeostasis is believed to be
disturbed in a disease (Quigley, 2019; Tousoulis et al.,
2022). Probiotics are living microorganisms that, when
administered in appropriate amounts, confer the health
benefit on the host (Cremon et al., 2018).

A wide variety of fermented products, such as yogurt,
kefir, sauerkraut, tempeh, and kimchi, which serve as
sources of probiotic strains, are part of the human nutrition
in different cultures (Kothari et al., 2019). An increasing
importance is also being paid to the interaction between
probiotics and various food matrices as well as the
challenges in developing such products (Min et al., 2019).
The most commonly used commercially available strains
belong to different species of the genera Lactobacillus
(acidophilus, gasseri, johnsonii), Lacticaseibacillus (casei,
paracasei, rhamnosus), Lactiplantibacillus (plantarum),
Limosilactobacillus (reuteri, fermentum), Ligilactobacillus
(salivarius) and Bifidobacterium (adolescentis, animalis,
bifidum, breve and longum) and are considered to have
positive effects on health through different mechanisms
(Vitali Cepo et al., 2020). Probiotics are associated
with various health functions such as the prevention
of intestinal tract infections, improvement of lactose
metabolism, lowering of the elevated serum cholesterol
levels, boosting of the immunity system, stimulation of
calcium absorption, improvement of protein digestibility,
synthesis of vitamins (vitamin B, nicotinic acid and folic
acid) and suppression of effects of foodborne pathogens
(Panghal et al., 2018).

The functional food sector has shown tremendous
growth in recent years owing to the use of probiotic
bacteria referred to as "food additives". The administration
of probiotic bacteria in food poses numerous challenges
their
stability and functionality in food processing, storage

related to growth, survival, sustainability,
and consumption, as well as changes in the sensory
characteristics of probiotic foods (Min et al., 2019).
However, the viability of probiotics is affected by several
parameters such as oxygen, pH, storage temperature,
hydrogen peroxide and many other parameters (Reque
and Brandelli, 2021). The efficacy of probiotic bacteria in

unrefrigerated food with low pH or high water activity, a

JOURNAL

Central European Agriculture
ISSN 1332-9049

842


https://doi.org/10.5513/JCEA01/23.4.3700

Review article

Ivanusa et al.: Probiotici i prebiotici kod arterijske hipertenzije...

DOI: /10.5513/JCEA01/23.4.3700

potential loss of bacterial vitality, additionally undesired
fermentation and changes in the sensory features of food
products can result in poor microbiological quality and
poor acceptability to consumers (Min et al., 2019).

Since fermented dairy products are not the only source
of probiotics, but can be consumed with other fermented
foods such as sauerkraut and plant-based beverages,
research and development of non-dairy probiotics have
been intensified, which is especially important for people
who are lactose intolerant (Mridula and Sharma, 2015;
Panghal et al., 2018). It is already known that many foods
of plant origin have exceptional nutritional and health
values and have a positive effect on overall human health
(Palfi et al., 2014; Palfi and Tomi¢-Obrdalj, 2014; Hrg,
2017; Palfi and Knezevié¢, 2018; Knezevic et al. 2020).

Non-dairy plant food matrices such as fruits,
vegetables, plant "milk", cereals and legumes have proven
to be successful carriers in the delivery of probiotics to
humans. Lactobacilli and bifidobacteria in these plant
matrices have especially showed the ability of maintaining
the appropriate probiotic number (10 - 108 cfu/mL or
g of food product - carrier) during the shelf life of the
product (Rasika et al., 2021).

Prebiotics, compared to probiotics, which can
introduce exogenous bacteria into the colonic microflora,
aim to selectively stimulate the growth and/or activity of
some groups of beneficial bacteria in the large intestine,
thus positively affecting the host’s health (Prasanna and
Rastall, 2017; Delgado and Tamashiro, 2018; Ashwini
et al., 2019). Prebiotics are non-digestible carbohydrate
poly-
oligosaccharides, and resistant starches, as well as fiber

molecules, including sugar polyols, and
(Lockyer and Stanner, 2019). There are also artificially
synthesized prebiotics such as lactulose, lactosucrose

and cyclodextrins (Chong et al., 2019).

In 2017, the International Scientific Association for
Probiotics and Prebiotics (ISAPP) expanded the definition
of prebiotics to include a substrate that is selectively
utilized by host microorganisms conferring a health
benefit. Prebiotics are therefore not only limited to food

or carbohydrate substances and are no longer limited to

the gastrointestinal tract. They now include non-nutritive
components and are applied to extraintestinal tissues.
This definition now also applies to animals (Gibson et al.,
2017). They are, generally, found in various food sources,
such as chicory, chia seeds, dandelion, flax seeds, onions,
leeks, garlic, almonds, artichokes, oats, chicory, barley
and many other plants (Davani-Davari et al.,, 2019;
Green and et al., 2020). By feeding intestinal microbes,
prebiotics significantly improve their metabolic activity,
improve digestion, the ability of absorbing nutrients and
the state of the immune system, while simultaneously
suppressing the growth of pathogenic microbes (Lockyer
and Stanner, 2019) and increase the bioavailability of
minerals, especially calcium and magnesium (Chong et al.,
2019; Patel et al., 2014; Karakan et al., 2021). All these
features of prebiotics allow them to be used as functional
food ingredients in various foods. Prebiotics are thus
administered in a wide range of products, including dairy
products, beverages and healthy drinks, infant food, meat
products (Ashwini et al., 2019).

A synbiotic is a combination of probiotic and prebiotic
components where the presence of prebiotics enhances
the activity of the probiotic microbial strain (Kumari et al.,
2020). Prebiotics such as FOS, GOS, XOS, inulin, fructans
are the most commonly used fibers which, when used
together with probiotics, are referred to as synbiotics
and can improve the viability of probiotics (Pandey et al.,
2015). A synbiotic, originally designed as a combination
of probiotics and prebiotics, is now defined as a mixture
comprising live microorganisms and substrate(s)
selectively utilized by host microorganisms that confers a

health benefit on the host (Swanson et al., 2020).

Unlike probiotics, which are live cultures of bacteria
or other microorganisms with a beneficial effect on
human health, postbiotics include molecules generated
as a result of the probiotic metabolism. In 2019, ISAPP
defines a postbiotic as a preparation of inanimate
microorganisms and/or their components that confers
a health benefit on the host. Effective postbiotics must
contain inactivated microbial cells or cell components,
with or without metabolites that contribute to observed
health benefits (Salminen et al., 2021). Since postbiotics
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do not contain live microorganisms, they show a beneficial
effect on health like probiotics, while minimizing the risks
associated with their intake at the same time (Z6tkiewicz
etal., 2021).

IMPACT OF PROBIOTICS AND PREBIOTICS
ON HEALTH AND THE HEALTH CONDITION OF
THE ORGANISM

The human body is colonized by a large number of
microbes that peacefully coexist with their host. The
most colonized site is the gastrointestinal tract, with
Bacteroidetes and Firmicutes largely dominating the
intestinal microbial flora (Schippa and Conte, 2014;
Pushpanathan et al., 2019). Gradual microbial colonization
of the gut begins at birth and continues throughout
the early stages of life to form a gut microbiota that is
different for each individual (Salminen and Isolauri, 2006).
The microbiota has important metabolic functions, and
regulates the inflammatory response by stimulating the
immune system. An imbalance of gut microbes (dysbiosis)
is associated with important human diseases such as
inflammation-related disorders (Schippa and Conte,
2014; Antal et al., 2019). Nutrition, although it is not
the only factor that can affect the gut microbiota, is one
of the most important factors that can cause dysbiosis,
that is, any change in the composition of bacteria in the
intestines, compared to that found in healthy individuals
(Mota de Carvalho et al., 2018).

Research on the human microbiota, especially the gut
microbiota, has become one of the most common areas
of innovation when the study of various pathologies is
concerned (Turnbaugh et al., 2006). Changes in the gut
microbiota play an important role in the pathogenesis
of many diseases. Many scientific and clinical trials have
verified the positive effect of probiotics on numerous
diseases, especially the gastrointestinal tract diseases.
Their positive effects on allergic diseases (e.g. atopic
dermatitis), treatment of metabolic diseases such as
obesity, insulin resistance syndrome, type 2 diabetes
and non-alcoholic fatty liver disease, prevention of
various types of urogenital infections, etc. have also been
identified (Markowiak and Slizewska, 2017.; Albano et

al., 2018). The positive effects of probiotics were also
observed when establishing normal intestinal microflora
following the treatment by antibiotics (Suskovi¢ et al.,
2009). Liu et al. (2018) believe that the strongest evidence
in favor of probiotics lies in the prevention or treatment of
five conditions: necrotizing enterocolitis, acute infectious
diarrhea, acute respiratory tract infections, antibiotic-
associated diarrhea and infant colic. In times of pandemic
and lack of proven effective therapy for COVID-19,
probiotics may be a potential therapeutic strategy, but
further research needs to be conducted (Angurana and
Bansal, 2021; Batista et al., 2021).

Itis necessary to emphasize that the way the probiotics
function can depend on a strain, dose and components
used to produce a given probiotic product (Markowiak
and Slizewska, 2017). Based on a limited number of
studies, some scientists report that multi-strain probiotics
are more efficient than single strains (Chapman et al.,
2011). However, taking disease and strain specificity into
account, in most cases multi-strain mixtures were not
significantly more efficient than single-strain probiotics
(McFarland, 2021). Besides, strains can interact and act
antagonistically.

Although they have a beneficial effect on health, the
World Health Organization (WHO) and the Food and
Agriculture Organization (FAO) find that probiotics may
have some-side effects as well as potential problems due
to the use of live microbial cells (Yesilyurt et al., 2021).

A growing body of evidence supports the role
of prebiotics in reducing the risk and severity of
gastrointestinal infections and inflammation, including
diarrhea, inflammatory bowel disease, ulcerative colitis
and irritable bowel syndrome. Data shows that they
reduce the risk of obesity by stimulating the satiety
and weight loss (Brownawell et al., 2012; Lockyer and
Stanner, 2019). Some studies have shown that people
who consume large amounts of fiber or other types of
prebiotics show a significantly lower risk of diabetes,
and a reduced prevalence of colon cancer (Slavin,
2008; Hijova et al., 2013). The clinical administration of
prebiotics seems promising considering a very low risk
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of serious-side effects, ease of administration and strong
potential of affecting the composition and function of the
microbiota in the intestines and beyond (Migdady et al.,
2020).

According to current data, postbhiotics show
pleiotropic effects that include immunomodulating, anti-
inflammatory, antioxidant and anticancer properties. The
further research into the biological activities of these
metabolites is expected to reveal new possibilities of
using the postbiotics. The potential administration of
postbiotics could include an attractive therapeutic and
preventive strategy in modern medicine (Zétkiewicz et

al.,, 2021).

Observations of whether gut microbiota can potentially
be a new therapeutic approach and new targets in the
development of innovative drugs have led to making
suggestions for options for individual treatment that
will be based on the genetics, biological response and
functional profile of the microbiota of an individual (Leone
et al., 2013). Fecal microbiome transplantation has been
successful in treating several gastrointestinal diseases and
restoring the composition of the gut microbiota (Gupta
et al., 2016), especially in people suffering from chronic
inflammatory bowel diseases (Lee and Chang., 2021).

Future research should be focused on identifying
optimal probiotics, doses for treating specific diseases,
the efficacy of adding prebiotics on their action, as well
as determining whether defined microbial communities
would provide greater benefit than that of single-species
probiotics (Liu et al., 2018).

LABELING OF PROBIOTICS ON FOOD PROD-
UCTS - LEGAL REGULATION

The global probiotics market is estimated at USD
61.1 billion in 2021 and is projected to reach USD 91.1
billion by 2026. The key drivers of market growth are
the increasing use of nutrient-dense foods as a result
of increased consumer awareness of healthy nutrition
accompanied by technological progress in the production
of probiotics at the same time (Research and Markets,
2021).

Probiotics are mainly registered as food supplements
or food for special medical needs (Vitali Cepo et al., 2020).
The only health claim approved for probiotics in the
European Union is that consumption of yogurt alleviates
the symptoms of lactose intolerance (Smug et al., 2014).
The European Food Safety Authority (EFSA) has indicated
that it will allow health claims based on the capacity of
probiotics to reduce intestinal and respiratory infections.
Thus the difference between health claims and medical
claims would be eliminated to a certain extent (Katan,
2012). According to the currently valid legislation in EU
countries, food products may not be labeled with health
claims not approved by EFSA, while the term "probiotic"
is considered a health claim. Compliance with and strict
application of legal regulations on food safety and control
is one of the most important prerequisites for preserving
and improving consumer health (Knezevi¢ et al., 2013).
In order to facilitate the selection of an appropriate
product, dose and formulation for a specific indication,
physicians in the United States of America and Canada
have developed clinical guides to probiotic products
(Clinical Guide to Probiotic Products Available in Canada,
2022; Clinical Guide to Probiotic Products Available in
USA, 2022).

ARTERIAL HYPERTENSION AND PROBIOTICS

Arterial hypertension (AH) is the most common
cardiovascular (CVD) disease and is the most important
modifiable CV risk factor and the leading cause of
premature death (Krstaci¢ et al., 2014). The disease is
defined by elevated levels of systolic (> 140 mmHg) and/
or diastolic (= 90 mmHg) pressure. WHO data indicates
that as many as 1.26 billion persons aged from 30 to 79
suffer from AH, and as many as 46% of them are unaware
of the disease (NCD-RisC, 2021). In addition to medical
treatment, non-pharmacological treatment also plays an
important role in normalizing elevated blood pressure
(BP) levels and preventing the consequences of the
disease. It includes the correction of an unhealthy lifestyle
(insufficient level of physical activity, cigarette smoking,
obesity, stressful lifestyle, modern Western pattern diet

that includes a lot of salt, sugar, saturated fats and animal
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proteins, etc.). Combined treatment of AH by applying
non-pharmacological measures and several groups of
antihypertensive drugs are more efficient in achieving the
BP target values and reducing the CV risk (Brouwers et
al., 2021).

The microbiota, a set of microorganisms that
colonize the digestive tract and communicate with the
endocrine, neurological and immune systems, is the
regulator of homeostasis in the body. Numerous trials
based on animal models and humans have found that
the disturbance of the gut microbiota plays a significant
role in the development of AH. The trials have shown
the existence of an interaction between long-term use
of antihypertensive drugs and gut microbiota, which can
affect the metabolism and pharmacokinetics of this group
of drugs that is biotransformed in the digestive tract
(Verhaar et al., 2020). Nutrition also has an important
impact on the modulation of gut microbiota. Fermented
dairy products (yogurt, kefir, etc.), vegetables and food
supplements are sources of probiotic microorganisms.
They are usually produced with the help of lactic acid
bacteria, the most common of which are Lactobacillus sp.,
Bifidobacterium sp., Enterococcus sp. and Streptococcus
sp.. The trials suggest that their number is many times
lower in a gram of fermented products than in modern
dietary supplements such as tablets and capsules, where
the number of lactic acid bacteria can be up to 101012,

Meta-analysis conducted by Khalesi et al. (2014) found
that the consumption of probiotics results in lowering the
systolic pressure by 3.56 mmHg and diastolic pressure by
2.38 mmHg. The effect of probiotics is higher if the initial
BP levels are higher, more probiotics are administered
throughout a period of 28 weeks, or the daily dose is 210!
units of colony-forming bacteria. Although this effect on
BPlevels seems to be modest, itis comparable to the effect
of one of the most prescribed antihypertensive drugs. As
a matter of fact, the administration of the ACE inhibitor
Ramipril in the HOPE (Heart Outcomes Prevention
Evaluation) study has led to lowering of systolic blood
pressure by 3.3 mmHg and diastolic blood pressure by
1.4 mmHg, which was associated with reducing a relative

risk of CV mortality, myocardial infarction or stroke by
22% (Sleight, 2000). Buendia et al. (2018) found that
in subjects diagnosed with AH, the consumption of 22
servings of yogurt per week significantly reduces CV risk
(myocardial infarction and stroke). Similar results were
found by Elias et al. (2018). The molecular mechanism
of the antihypertensive effect of probiotics in patients
with AH has not been fully clarified and is the subject of
current research. A potential explanation for lowering the
BP levels may lie in the remodeling of the gut microbiome
by increasing the release of organic (short-chain) fatty
acids.

Soybean is the fourth most represented field crop
in the world, and it ranks third in Croatia (Andrijanic¢ et
al., 2022). It is one of the leading export products in the
United States of America. In addition to food production,
it is also used as a raw material in the chemical and
pharmaceutical industries. In the last 30 years, soybean
and soy products have been increasingly mentioned as
a source of positive effects on health. As a matter of
fact, soybean and soy products contain isoflavones that
exhibit antioxidant, anti-inflammatory, hypolipemic and
hypoglycemic properties (Huang et al., 2016).

Owing to the probiotic effect, daily consumption of
a fermented soy drink may result not only in positive
changes in the composition of the microbiota, but it can
also lower elevated BP levels. Owing to meta-analysis
conducted, Mosallanezhad et al. (2021) found a beneficial
effect of soybean and soy products on BP level, which is
more effective in people with AH at the age of 56, as well
as in subjects with lower diastolic pressure levels. They
found that systolic pressure was lowered by 1.70 mmHg
and diastolic pressure was lowered by 1.27 mmHg. The
antihypertensive effect of soybean is according to a meta-
analysis by Kou et al. (2017) higher in postmenopausal
women and it depends on a dose. The use of 22 5 g of
soybean per day lowered systolic blood pressure by
4.62 mmHg and diastolic blood pressure by 1.63 mmHg.
A possible explanation for lowering BP levels by using
soybean and soy products lies the vasodilator effect via
arginine, which promotes the formation of nitric oxide.
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Beetoot has also been the subject of research
recently, especially the fermented beetroot juice that
has a probiotic effect. According to the European
Society for Hypertension, beetroot has the strongest
antihypertensive effect in comparison to other types of
vegetables, and it has an effect on the formation of nitric
oxide. The same Society draws attention to the fact that
the use of nutraceuticals - food that provides medical or
health benefits must be based on research results and
must not replace the administration of antihypertensive
drugs (Borghi et al., 2020).

CONCLUSION

Apart from nutrition, probiotics and prebiotics are the
most commonly used substances aimed at maintaining
a healthy microbiota or restoring the balance in case of
disturbed bacterial homeostasis in disease. A significant
growth of the global probiotics market is predicted due
to the increased awareness of consumers about healthy

foods and the use of nutrient-dense foods.

Although many trials confirm the negative effect of
gut microbiota disturbance in the last decade, stronger

evidence and further clinical trials are needed to

definitively confirm the benefits of dietary intervention
with probiotics in people with AH.

LITERATURE

Albano, C., Morandi, S., Silvetti, T., Casiraghi, M. C., Manini, F., Brasc,
M. (2018) Lactic acid bacteria with cholesterol-lowering properties
for dairy applications: In vitro and in situ activity. Journal of Dairy
Science, 101 (12), 10807 - 10818.

DOI: https://doi.org/10.3168/jds.2018-15096

Andrijani¢, Z., Matosa Kocar, M., Brezinscak, L., Peji¢, 1. (2022) Trendovi
proizvodnje soje u Hrvatskoj. Glasnik zastite bilja, 45 (4), 58-68.
DOlI: https://doi.org/10.31727/gzb.45.4.6

Angurana, S. K., Bansal, A. (2021) Probiotics and Coronavirus disease
2019: think about the link. British journal of nutrition, 126 (10),
1564-1570. DOI: https://doi.org/10.1017/5000711452000361X

Antal, I, Jeli¢c, M., Sila, S., Kolacek, S., Tambi¢ Andrasevi¢, A. (2019)
Ljudska mikrobiota i mikrobiom. Acta medica Croatica, 73 (1), 3-11.

Ashwini, A., Ramya, H. N., Ramkumar, C., Reddy, K. R., Kulkarni, R. V.,
Abinaya, V., Naveen, S., Raghu, A. V. (2019) Reactive mechanism and
the applications of bioactive prebiotics for human health. Journal of
microbiological methods, 159, 128-137.

DOI: https://doi.org/10.1016/j.mimet.2019.02.019

Batista, K. S., de Albuquerque, J. G., de Vasconcelos, M. H. A., Bezerra,
M. L. R, da Silva Barbalho, M. B., Pinheiro, R. O., de Souza Aquino,
J. (2021) Probiotics and prebiotics: potential prevention and
therapeutic target for nutritional management of COVID-19?.
Nutrition research reviews, 1-18.

DOI: https://doi.org/10.1017/50954422421000317

Borghi, C., Tsioufis, K., Agabiti-Rosei, E., Burnier, M., Cicero, A., Clement,
D., Coca, A., Desideri, G., Grassi, G., Lovic, D., Lurbe, E., Kahan, T,
Kreutz, R., Jelakovic, B., Polonia, J., Redon, J., Van De Borne, P.,
Mancia, G. (2020) Nutraceuticals and blood pressure control: a
European Society of Hypertension position document. Journal of
hypertension, 38 (5), 799-812.

DOI: https://doi.org/10.1097/HJH.0000000000002353

Brouwers, S., Sudano, I., Kokubo, Y., Sulaica, E. M. (2021) Arterial
hypertension. Lancet (London, England), 398 (10296), 249-261.
DOI: https://doi.org/10.1016/50140-6736(21)00221-X

Brownawell, A. M., Caers, W., Gibson, G. R., Kendall, C. W., Lewis, K.
D., Ringel, Y., Slavin, J. L. (2012) Prebiotics and the health benefits
of fiber: current regulatory status, future research, and goals.The
Journal of nutrition, 142 (5), 962-974.

DOI: https://doi.org/10.3945/jn.112.158147

Buendia, J. R, Li, Y., Hu, F. B., Cabral, H. J., Bradlee, M. L., Quatromoni,
P. A, Singer, M. R, Curhan, G. C., Moore, L. L. (2018) Regular Yogurt
Intake and Risk of Cardiovascular Disease Among Hypertensive
Adults. American journal of hypertension, 31 (5), 557-565.

DOI: https://doi.org/10.1093/ajh/hpx220

Chapman, C. M. C,, Gibson, G. R., Rowland, I. (2011) Health benefits
of probiotics: are mixtures more effective than single strains?.
European Journal of Nutrition, 50 (1), 1-17.

DOI: https://doi.org/10.1007/s00394-010-0166-z

Chong, P. P, Chin, V. K,, Looi, C. Y., Wong, W. F., Madhavan, P. i Yong, V.
C. (2019) The microbiome and irritable bowel syndrome - a review
on the pathophysiology, current research and future therapy.
Frontiers in Microbiology, 10, 1136.

DOI: https://doi.org/10.3389/fmicbh.2019.01136

Clinical Guide to Probiotic Products Available in Canada (2022).
Applications, Dosage Forms and Clinical Evidence to Date - 2022
Edition. Available at: http:/www.probioticchart.ca/PBClntroduction.
html?utm_source=intro_pg&utm_medium=civ&utm _
campaign=CDN_CHART (Accessed 25 September 2022)

Clinical Guide to Probiotic Products Available in USA (2022).
Applications, Dosage Forms and Clinical Evidence to Date -
2022 Edition. Available at: http:/usprobioticguide.com/?utm_
source=intro_pg&utm_medium=civ&utm_campaign=USA_CHART
(Accessed 25 September 2022)

Cremon, C., Barbaro, M. R., Ventura, M., Barbara, G. (2018) Pre-and
probiotic overview. Current opinion in pharmacology, 43, 87-92.
DOI: https://doi.org/10.1016/j.coph.2018.08.010

Davani-Davari, D., Negahdaripour, M., Karimzadeh, I., Seifan, M.,
Mohkam, M., Masoumi, S. J., Berenjian, A., Ghasemi, Y. (2019)
Prebiotics: definition, types, sources, mechanisms, and clinical
applications. Foods, 8 (3), 92.

DOI: https://doi.org/10.3390/foods8030092

Delgado, G. T. C., Tamashiro, W. M. D. S. C. (2018) Role of prebiotics in
regulation of microbiota and prevention of obesity. Food Research
International, 113, 183-188.

DOI: https://doi.org/10.1016/j.foodres.2018.07.013

JOURNAL

Central European Agriculture
ISSN 1332-9049

847


https://doi.org/10.5513/JCEA01/23.4.3700

Review article

Ivanusa et al.: Probiotici i prebiotici kod arterijske hipertenzije...

DOI: /10.5513/JCEA01/23.4.3700

Elias, M. F., Wade, A. T., Crichton, G. E. (2018) Yogurt Intake and Risk of
Cardiovascular Disease Among Hypertensive Individuals: Is It Time
for a Clinical Trial?. American journal of hypertension, 31 (9), e5-eé.
DOlI: https://doi.org/10.1093/ajh/hpy086

Furman, D., Campisi, J., Verdin, E., Carrera-Bastos, P., Targ, S., Franceschi,
C., Ferrucci, L., Gilroy, D. W., Fasano, A., Miller, G. W., Miller, A. H.,
Mantovani, A., Weyand, C. M., Barzilai, N., Goronzy, J. J., Rando,
T. A, Effros, R. B,, Lucia, A., Kleinstreuer, N., Slavich, G. M. (2019)
Chronic inflammation in the etiology of disease across the life span.
Nature Medicine, 25 (12), 1822-1832.

DOI: https://doi.org/10.1038/s41591-019-0675-0

Gibson G. R., Hutkins R, Sanders M.E., Prescott S.L., Reimer R.A.,
Salminen S.J., Scott, K., Stanton, C., Swanson, K. S., Cani, P. D,
Verbeke, K., Reid, G. (2017) Expert consensus document: The
International Scientific Association for Probiotics and Prebiotics
(ISAPP) consensus statement on the definition and scope of
prebiotics. Nature Reviews Gastroenterology & Hepatology, 14,
491-502. DOI: https://doi.org/10.1038/nrgastro.2017.75

Granato, D., Branco, F.G., Nazzaro, F., Cruz, A.G. Faria, J.A.F. (2010)
Functional foods and nondairy probiotic food development: Trends,
concepts, products. Comprehensive Reviews in Food Science and
Food Safety, 9 (3), 292-302.

DOI: https://doi.org/10.1111/j.1541-4337.2010.00110.x

Green, M., Arora, K., Prakash, S. (2020) Microbial medicine: prebiotic
and probiotic functional foods to target obesity and metabolic
syndrome. International journal of molecular sciences, 21 (8), 2890.
DOI: https://doi.org/10.3390/ijms21082890

Gupta, S., Allen-Vercoe, E., Petrof, E. O. (2016) Fecal microbiota
transplantation: in perspective. Therapeutic advances in
gastroenterology, 9 (2), 229-239.

DOI: https://doi.org/10.1177/1756283X15607414

Hariharan, D., Vellanki, K., Kramer, H. (2015) The Western diet and
chronic kidney disease. Current hypertension reports, 17 (3), 1-9.
DOI: https://doi.org/10.1007/s11906-014-0529-6

Hijova, E., Szabadosova, V. Stofilova, J., Hrckova, G. (2013)
Chemopreventive and metabolic effects of inulin on colon cancer
development. Journal of veterinary science, 14 (4), 387-393.

DOI: https://doi.org/10.4142/jvs.2013.14.4.387

Hrg, S. (2017) Influence of Diet Rich in Whole Grains on Metabolic
Risk Factors in Healthy People and People with Mild Metabolic
Syndrome. Journal of Applied Health Sciences = Casopis za
primijenjene zdravstvene znanosti, 3 (2), 285-294.

DOlI: https://doi.org/10.24141/1/3/2/14

Huang, H., Krishnan, H. B., Pham, Q,, Yu, L. L., Wang, T. T. (2016) Soy
and Gut Microbiota: Interaction and Implication for Human Health.
Journal of agricultural and food chemistry, 64 (46), 8695-8709.
DOI: https://doi.org/10.1021/acs.jafc.6b03725

Karakan, T., Tuohy, K. M., Janssen-van Solingen, G. (2021). Low-dose
lactulose as a prebiotic for improved gut health and enhanced
mineral absorption. Frontiers in Nutrition, 8.

DOI: https://doi.org/10.3389/fnut.2021.672925

Katan, M. B. (2012). Why the European Food Safety Authority was right
to reject health claims for probiotics. Beneficial Microbes, 3 (2), 85-
89. DOI: https://doi.org/10.3920/BM2012.0008

Khalesi, S., Sun, J., Buys, N., Jayasinghe, R. (2014) Effect of probiotics on
blood pressure: asystematic review and meta-analysis of randomized,
controlled trials. Hypertension (Dallas, Tex.: 1979), 64 (4), 897-903.
DOI: https://doi.org/10.1161/HYPERTENSIONAHA.114.03469

Knezevi¢, N., Bugum, J., Frece, J. (2013) Sigurnost hrane u Hrvatskoj
-pozadina i izazovi. Meso, 15 (3), 192-197.

Knezevi¢, N., Ivanusa, M., Palfi, M. (2020) Positive effects of barley
on human health. In: Strelec, ., Jozinovi¢, A., Budzaki, S., eds.
Proceedings of the 10 International Congress “Flour-Bread ‘19"
and 12t Croatian Congress of Cereal Technologists “Brasno-Kruh
'19, Osijek, Croatia, 11-14 June 2019, Josip Juraj Strossmayer
University of Osijek, Faculty of Food Technology Osijek, 55-64.

Kothari, D., Patel, P., Kim, S. K. (2019) Probiotic supplements might
not be universally-effective and safe: A review. Biomedicine &
Pharmacotherapy, 111, 537-547.

DOI: https://doi.org/10.1016/j.biopha.2018.12.104

Kou, T., Wang, Q., Cai, J., Song, J., Du, B., Zhao, K., Ma, Y., Geng, B., Zhang,
Y., Han, X,, Jiang, M., Guo, H., Hu, B,, Li, Z., Zhai, Y., Zhang, C. (2017)
Effect of soybean protein on blood pressure in postmenopausal
women: a meta-analysis of randomized controlled trials. Food &
function, 8 (8), 2663-2671.

DOI: https://doi.org/10.1039/c6fo01845a

Krstaci¢, G., lvanusa, M., Skerk, V. (2014) Prevalence of Cardiovascular
Risk Factors in the Participants of the Public Health initiative on
the Occasion of the 2014 World Heart Day in Zagreb. Cardiologia
Croatica 9 (11-12), 558-562.

DOI: https://doi.org/10.15836/ccar.2014.558

Kumari, R., Singh, A., Yadav, A. N., Mishra, S., Sachan, A., Sachan, S. G.
(2020) Probiotics, prebiotics, and synbiotics: current status and
future uses for human health. In New and future developments in
microbial biotechnology and bioengineering (pp. 173-190). Elsevier.
DOI: https://doi.org/10.1016/B978-0-12-820528-0.00012-0

Lee, M., Chang, E. B. (2021). Inflammatory Bowel Diseases (IBD)
and the Microbiome—Searching the Crime Scene for Clues.
Gastroenterology, 160 (2), 524-537.

DOI: https://doi.org/10.1053/j.gastro.2020.09.056

Leone, V., Chang, E., Devkota, S. (2013) Diet, microbes, and host
genetics: the perfect storm in inflammatory bowel diseases. Journal
of gastroenterology, 48 (3), 315-321.

DOI: https://doi.org/10.1007/s00535-013-0777-2

Liu, Y., Tran, D. Q., Rhoads, J. M. (2018) Probiotics in disease prevention
and treatment. The Journal of Clinical Pharmacology, 58,5164-5179.
DOI: https:/doi.org/10.1002/jcph.1121

Lockyer, S., Stanner, S. (2019) Prebiotics-an added benefit of some fibre
types. Nutrition Bulletin, 44 (1), 74-91.

DOI: https://doi.org/10.1111/nbu.12366

Markowiak, P., Slizewska, K. (2017) Effects of probiotics, prebiotics, and
synbiotics on human health. Nutrients, 9 (9), 1021.

DOI: https://doi.org/10.3390/nu?091021

McFarland, L. V. (2021) Efficacy of single-strain probiotics versus multi-
strain mixtures: systematic review of strain and disease specificity.
Digestive diseases and sciences, 66 (3), 694-704.

DOI: https:/doi.org/10.1007/s10620-020-06244-z

Min, M., Bunt, C. R., Mason, S. L., Hussain, M. A. (2019) Non-dairy
probiotic food products: An emerging group of functional foods.
Critical reviews in food science and nutrition, 59 (16), 2626-2641.
DOI: https://doi.org/10.1080/10408398.2018.1462760

Miqgdady, M., Al Mistarihi, J., Azaz, A., Rawat, D. (2020) Prebiotics in
the infant microbiome: The past, present, and future. Pediatric
Gastroenterology, Hepatology & Nutrition, 23 (1), 1.

DOI: https://doi.org/10.5223/pghn.2020.23.1.1

Mosallanezhad, Z., Mahmoodi, M., Ranjbar, S., Hosseini, R., Clark, C.,
Carson-Chahhoud, K., Norouzi, Z., Abbasian, A., Sohrabi, Z., Jalali,
M. (2021) Soy intake is associated with lowering blood pressure
in adults: A systematic review and meta-analysis of randomized
double-blind placebo-controlled trials. Complementary therapies in
medicine, 59, 102692.

DOI: https://doi.org/10.1016/j.ctim.2021.102692

JOURNAL

Central European Agriculture
ISSN 1332-9049

848


https://doi.org/10.5513/JCEA01/23.4.3700

Review article

DOI: /10.5513/JCEA01/23.4.3700

Ivanusa et al.: Probiotici i prebiotici kod arterijske hipertenzije...

Mota de Carvalho, N., Costa, E. M,, Silva, S., Pimentel, L., Fernandes, T.
H., Pintado, M. E. (2018) Fermented foods and beverages in human
diet and their influence on gut microbiota and health. Fermentation,
4 (4), 90. DOI: https://doi.org/10.3390/fermentation4040090

Mridula, D., Sharma, M. (2015). Development of non-dairy probiotic
drink utilizing sprouted cereals, legume and soymilk. LWT-Food
Science and Technology, 62 (1), 482-487.

DOI: https://doi.org/10.1016/j.Iwt.2014.07.011

NCD Risk Factor Collaboration (NCD-RisC) (2021) Worldwide trends in
hypertension prevalence and progress in treatment and control from
1990 to 2019: a pooled analysis of 1201 population-representative
studies with 104 million participants. Lancet (London, England), 398
(10304), 957-980.

DOI: https://doi.org/10.1016/50140-6736(21)01330-1

Palfi M. Tomié-Obrdalj H., Horvat D. (2014) Healthy vegetables for
healthy heart: asparagus. Cardiologia Croatica, 9 (3-4), 142-149.

Palfi, M., KnezZevi¢, N. (2018) Positive effects of oats on human health.
In: Jozinovi¢, A., Budzaki, S., Strelec, 1., eds. Proceedings of the 9th
International Congress Flour - Bread '17, 11t Croatian Congress
of Cereal Technologists Brasno - Kruh '17, Osijek, Croatia, 25-27
October 2017, Josip Juraj Strossmayer University of Osijek, Faculty
of Food Technology Osijek, 151-159.

Palfi, M., Tomi¢-Obradlj, H. (2014) Effect of tomatoes on the prevention
of cardiovascular diseases. Cardiologia Croatica, 9 (5-6), 253-253.
DOI: https://doi.org/10.15836/ccar.2014.253

Pandey, K., Naik, S., Vakil, B. (2015) Probiotics, prebiotics and
synbiotics-a review. Journal of Food Science and Technology, 52
(12), 7577-7587.

DOI: https:/doi.org/10.1007/s13197-015-1921-1

Panghal, A., Janghu, S., Virkar, K., Gat, Y., Kumar, V., Chhikara, N. (2018)
Potential non-dairy probiotic products-A healthy approach. Food
Bioscience, 21, 80-89.

DOI: https://doi.org/10.1016/j.thio.2017.12.003

Patel, P. J., Singh, S. K., Panaich, S., Cardozo, L. (2014) The aging gut and
the role of prebiotics, probiotics, and synbiotics: A review. Journal
of Clinical Gerontology and Geriatrics, 5 (1), 3-6.

DOI: https://doi.org/10.1016/j.jcgg.2013.08.003

Prasanna, P. H., Rastall, R. A. (2017) Potential applications of prebiotics
to yogurt and impact on health. In Yogurt in health and disease
prevention (pp. 171-182). Academic Press.

DOlI: https://doi.org/10.1016/B978-0-12-805134-4.00009-2

Pushpanathan, P., Mathew, G. S., Selvarajan, S., Seshadri, K. G., Srikanth,
P.(2019) Gut microbiota and its mysteries. Indian Journal of Medical
Microbiology, 37 (2), 268-277.

DOI: https://doi.org/10.4103/ijmm.lJMM_19_373

Quigley, E. M. (2019) Prebiotics and probiotics in digestive health.
Clinical Gastroenterology and Hepatology, 17 (2), 333-344.

DOI: https://doi.org/10.1016/j.cgh.2018.09.028

Rasika, D. M. D., Vidanarachchi, J. K., Luiz, S. F., Azeredo, D. R. P., Cruz,
A. G., Ranadheera, C. S. (2021) Probiotic Delivery through Non-
Dairy Plant-Based Food Matrices. Agriculture, 11 (7), 599.

DOI: https:/doi.org/10.3390/agriculture11070599

Reque, P. M., Brandelli, A. (2021) Encapsulation of probiotics and
nutraceuticals: Applications in functional food industry. Trends in
Food Science & Technology, 114, 1-10.

DOI: https://doi.org/10.1016/].tifs.2021.05.022

Research and Markets. (2021) Global Probiotics Market (2021 to
2026) - Probiotics Can Replace Pharmaceutical Agents Presenting
Opportunities. Available at: https:/www.globenewswire.com/
en/news-release/2021/07/23/2268057/28124/en/Global-
Probiotics-Market-2021-to-2026-Probiotics-Can-Replace-
Pharmaceutical-Agents-Presenting-Opportunities.html (Accessed
6 September 2021)

Salminen, S., Isolauri, E. (2006) Intestinal colonization, microbiota, and
probiotics. The Journal of Pediatrics, 149 (5), S115-5120.
DOI: https://doi.org/10.1016/].jpeds.2006.06.062

Salminen, S., Collado, M. C., Endo, A., Hill, C., Lebeer, S., Quigley, E. M.
M., Sanders, M. E., Shamir, R., Swann, J. R., Szajewska, H., Vinderola,
G. (2021) The International Scientific Association of Probiotics and
Prebiotics (ISAPP) consensus statement on the definition and scope
of postbiotics. Nature Reviews Gastroenterology & Hepatology, 18
(9), 649-667. DOI: https://doi.org/10.1038/s41575-021-00440-6

Schippa, S., Conte, M. P. (2014) Dysbiotic events in gut microbiota:
impact on human health. Nutrients, 6 (12), 5786-5805.

DOI: https://doi.org/10.3390/nué6125786

Shao, A., Drewnowski, A., Willcox, D.C., Kramer, L., Lausted, C,
Eggersdorfer, M., Mathers, J.,, Bell., J.D., Randolph., R.K., Witkamp,
R., Griffiths, J.C. (2017) Optimal nutrition and the ever-changing
dietary landscape: a conference report. European Journal of
Nutrition, 56 (1), 1-21.

DOI: https://doi.org/10.1007/s00394-017-1460-9

Shori, A.B. (2015) The potential applications of probiotics on dairy and
non-dairy foods focusing on viability during storage. Biocatalysis
and Agricultural Biotechnology, 4 (4), 423-431.

DOI: https://doi.org/10.1016/j.bcab.2015.09.010

Slavin, J. L. (2008) Position of the American Dietetic Association: health
implications of dietary fiber. Journal of the American Dietetic
Association, 108 (10), 1716-1731.

DOI: https://doi.org/10.1016/j.jada.2008.08.007

Sleight, P. (2000) The HOPE Study (Heart Outcomes Prevention
Evaluation). Journal of the renin-angiotensin-aldosterone system:
JRAAS, 1 (1), 18-20. DOI: https://doi.org/10.3317/jraas.2000.002

Smug, L. N., Salminen, S., Sanders, M. E., Ebner, S. (2014) Yoghurt and
probiotic bacteria in dietary guidelines of the member states of the
European Union. Beneficial microbes, 5 (1), 61-66.

DOI: https://doi.org/10.3920/BM2013.0050

Swanson, K. S., Gibson, G. R., Hutkins, R., Reimer, R. A., Reid, G,
Verbeke, K., Scott, K. P, Holscher, H. D., Azad, M. B., Delzenne, N.
M., Sanders, M. E. (2020) The International Scientific Association
for Probiotics and Prebiotics (ISAPP) consensus statement on the
definition and scope of synbiotics. Nature Reviews Gastroenterology
& Hepatology, 17 (11), 687-701.

DOI: https://doi.org/10.1038/s41575-020-0344-2

Suskovi¢, J., Kos, B., Frece, J., Beganovi¢, J., Pavunc, A. L. (2009)
Probioticki koncept-probiotici kao dodaci hrani i probiotici kao
bioterapeutici. Hrvatski c¢asopis za prehrambenu tehnologiju,
biotehnologiju i nutricionizam, 4 (3-4), 77-84.

Thomas, S., Izard, J., Walsh, E., Batich, K., Chongsathidkiet, P., Clarke,
G., Sela, D. A, Muller, A. J., Mullin, J. M., Albert, K., Gilligan, J. P,
DiGuilio, K., Dilbarova, R., Alexander, W., Prendergast, G. C. (2017)
The Host Microbiome Regulates and Maintains Human Health: A
Primer and Perspective for Non-MicrobiologistsHost Microbiome in
Human Health. Cancer Research, 77 (8), 1783-1812.

DOI: https://doi.org/10.1158/0008-5472.CAN-16-2929

Tousoulis, D., Guzik, T., Padro, T., Duncker, D. J., De Luca, G., Eringa,
E., Vavlukis, M., Antonopoulos, A. S., Katsimichas, T., Cenko,
E., Djordjevic-Dikic, A., Fleming, |, Manfrini, O., Trifunovic,
D., Antoniades, C., Crea, F. (2022) Mechanisms, therapeutic
implications, and methodological challenges of gut microbiota and
cardiovascular diseases: a position paper by the ESC Working Group
on Coronary Pathophysiology and Microcirculation. Cardiovascular
research, cvac057. Advance online publication.

DOI: https://doi.org/10.1093/cvr/cvac057

JOURNAL

Central European Agriculture
ISSN 1332-9049

849


https://doi.org/10.5513/JCEA01/23.4.3700

Review article DOI: /10.5513/JCEA01/23.4.3700
Ivanusa et al.: Probiotici i prebiotici kod arterijske hipertenzije...

Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, V., Mardis, E.R., Yesilyurt, N., Yilmaz, B., Agaglindiz, D., Capasso, R. (2021) Involvement

Gordon, J.I. (2006) An obesity-associated gut microbiome with of probiotics and postbiotics in the immune system modulation.
increased capacity for energy harvest. Nature, 44 (7122), 1027- Biologics, 1 (2), 89-110.
1031. DOI: https://doi.org/10.1038/nature05414 DOI: https://doi.org/10.3390/biologics1020006

Verhaar, B., Prodan, A., Nieuwdorp, M., Muller, M. (2020). Gut Microbiota ~ Zétkiewicz, J., Marzec, A., Ruszczynski, M., Feleszko, W. (2020)
in Hypertension and Atherosclerosis: A Review. Nutrients, 12 (10), Postbiotics—a step beyond pre-and probiotics. Nutrients, 12 (8),
2982. DOI: https://doi.org/10.3390/nu12102982 2189. DOI: https://doi.org/10.3390/nu12082189

Vitali Cepo, D., Prusac, M., Velkovski Skopi¢, O., Tatarevi¢, A. (2020)
Preporuke o primjeni probiotika u ljekarnickoj praksi. Medicus, 29
(1 Hepatologija danas), 115-134.

JOURNAL £50

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/23.4.3700
http://www.tcpdf.org

