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Article  
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Abstract: Background: The development of non-dairy probiotic products is a challenge for the food 
industry while cereals as probiotic carriers provide the means to incorporate probiotics, prebiotics, 
and fiber into the human diet. The present study investigated the effects of Lactococcus cremoris spp. 
immobilized oat flakes on blood and urine biomarkers in a randomized placebo-controlled single-
blind clinical trial. Methods: Fifty-four eligible participants were randomized to placebo or probiotic 
group that consumes 5g of oat flakes daily, tor 12 weeks. Blood and urine samples were collected at 
the baseline and at the 6th and 12th week of consumption. Glycemic, lipemic, inflammatory, 
immunological, antioxidant biomarkers and vitamins were analyzed. Results: Compared to the 
control group, IL-6 (p=0.045) and hs-CRP (p=0.02) were significantly decreased at week 6 and 12 
respectively in the intervention group. Conclusions: Lactococcus cremoris spp immobilized on oat 
flakes seems to improve biomarkers related to human health. However, further studies are required 
to characterize the probiotic properties of the studied strain.  

Keywords: functional foods; probiotics; oat flakes 
 

1. Introduction 

Probiotics are defined as viable microorganisms (bacteria or yeasts) that, when ingested in 
adequate concentrations, exert various beneficial effects on the host. The most common 
microorganisms used as probiotics are lactic acid bacteria (LAB), like Lactococcus, Lactobacillus, 
Streptococcus, Enterococcus and Bifidobacterium; however, not all the bacteria can be probiotic, as they 
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need to be strain-specific [1]. To exhibit beneficial health impact, probiotic microbes should be able 
to survive in the acidic conditions of the stomach and gastrointestinal tract (GT) of humans which 
means to withstand the gastric juice and bile salt, survive passage through the upper GT, multiply, 
colonize, and function in the gut [2]. 

The health benefits associated with probiotic consumption have been extensively investigated 
in animal models and human studies, therefore probiotic application in foods aim to improve host 
health and treat different infectious and non-infectious pathologies [3]. The probiotic action of 
beneficial bacteria can be attributed to various metabolic pathways and is expressed by different 
mechanisms. Firstly, probiotics play a crucial role on gut barrier function by causing modulations, 
which affect barrier robustness and thereby influence disease states [4]. Moreover, consumption of 
different probiotic strains may modulate the microbiota, in order to maintain optimal gut health, and 
preventing/treating chronic inflammatory and immunity related diseases [5]. Also, probiotics can 
change microbiota’s metabolic properties by competing with the absorption of several nutritional 
substances. Specifically, when health promoting bacteria are present in the gut, they utilize more 
nutrients, leaving fewer nutrients for pathogenic bacteria, which may suffer starvation, and thus not 
survive [6,7]. 

The ability of probiotics to exert beneficial effects on health is a strain- specific trait [8].  
Consequently, the in vitro and subsequent in vivo assessment of the probiotic characteristics of wild- 
type presumptive probiotic strains, as well as clinical trials, are essential in order to confirm the 
health-promoting effects. In the present study, the wild- type Lactococcus cremoris FBMS_5810 strain, 
isolated from white mushrooms, was selected taking into consideration its high cholesterol 
assimilation activity in vitro (Pavlatou et al., 2025). High levels of blood cholesterol are considered a 
significant risk factor for the development of cardiovascular disease, obesity and other metabolic 
disorders [9,10]. Thus, the selection of probiotic strains with promising cholesterol removal activity 
could be considered an alternative therapeutic approach for hypercholesterolemia. 

Probiotic delivery has been consistently associated with foods, especially dairy, however there 
is an increasing trend toward using probiotics in different food matrixes despite their original source 
of isolation [11]. In this sense, food ingredients rich in dietary fibers, such as oat flakes, could serve 
as an excellent probiotic vehicle, since there is evidence suggesting the positive impact of dietary 
fibers on health [12]. Of note, the consumption of oat flakes has been linked with reduction in 
cholesterol levels, mainly due to the presence of oat β-glucans that modulate cholesterol metabolism 
[13]. However, the incorporation of probiotic bacteria in food presents many challenges related to 
their growth, survival, viability, stability and functionality in food processing, storage and 
consumption as well as changes of sensory characteristics of probiotic foods [14]. Probiotic strains 
exhibit different nutritional and therapeutic functions, due to various factors, such as the genetic 
make-up of the strain, amount of the probiotics used in the product, the purpose it is used for, and 
its shelf life [15]. Interest on the development of functional foods consisting of both probiotics and 
prebiotics have been increased due to increased awareness of their health-promoting properties [16]. 
Although diverse functional lactic acid bacteria have been applied in commercial probiotic fermented 
foods worldwide, the market for bio-functional products is in continuous need for the diversification 
of the available products [17,18]. For this purpose, a growing number of scientific studies focused on 
the selection of new strains with specific functional properties. 

Lactic acid bacteria are widely used in the production of fermented food products while their 
metabolic and probiotic characteristics have attracted more attention [19]. Specifically, they have been 
associated with a variety of products including short-chain fatty acids, amines, bacteriocins, vitamins 
and exopolysaccharides during metabolism [20].  Lactococcus cremoris sub sp. cremoris was initially 
identified in fermented milk ,while its potential health advantages for humans remain unexplored 
[21]. In a recent clinical trial, the consumption of a supplement containing L. cremoris was found to 
enhance not just the frequency of bowel movements and the composition of intestinal microbiota, but 
also various immunological parameters [22]. A study of similar design examined the effects of 
fermented milk containing Lactococcus lactis subsp. cremoris on bowel movements in healthy young 
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Japanese women showed increases in the frequency of defecation (days/week and times/week), and 
stool volume. [23].  

Therefore, while there is research data on the effect of L. cremoris strains on the gastrointestinal 
tract, its effect on human health has not been sufficiently studied. The purpose of this interventional 
study-clinical trial was to evaluate the effects of the wild- type L. cremoris FBMS_5810 strain 
immobilized on oat flakes, which has previously been in vitro evaluated for its probiotic properties 
(Pavlatou et al., 2025; submitted), on blood and urine biomarkers of associated with human health.  

2. Materials and Methods 

2.1. Preparation of Freeze-Dried Immobilized L. cremoris Cells on Oat Flakes 

L. cremoris was cultured in 15 L synthetic food grade medium with the following composition: 
Glucose (20 g/ L), yeast extract (25 g/L), KH2PO4 (2 g/ L), CH3COONa (6 g/L), MgSO4 (0.3 g/ L), and 
MnSO4 (0.005 g/ L) (pH of 6.5) and incubated at 30 °C for 24 h at aFermac 300 bioreactor (Electrolab 
Biotech Ltd, UK) (QLC, Patras, Greece). The freshly grown culture was centrifuged (8500 x g, 15min, 
4° C), washed with 1 L sterile ¼ Ringer’s solution (VWR International GmbH, Radnor, PA, USA) and 
centrifuged again. Then, the cell biomass was resuspended in sterile ¼ Ringer’s solution to the initial 
culture volume and 7 kg of oat flakes (previously pre-heated at 140 °C for 30 min to avoid 
contamination) were introduced to the cell suspension. The mixture was left undisturbed for 30 min 
at ambient temperature and, subsequently, strained and washed with 1 L of sterile ¼ Ringer’s isotonic 
solution. Then, freeze-drying in a Zirbus (ZIRBUS technology GmbH, Model VaCo 10, Bad Grund, 
Germany) freeze- dryer was carried out, following the method described by Prapa et al. (2025) [24].  

2.2. Study Design  

The present study was a 12-week randomized, placebo-controlled, single-blind clinical trial that 
was carried out between February and July 2023 at Agia Eleni-Spiliopoulio Pathological Hospital of 
Athens, Greece. The study protocol was approved by the Research Ethics and Ethics Committee of 
the University of the Aegean (approval 3343/February 15th, 2022) and it was registered at 
www.clinicaltrials.gov (ClinicalTrials.gov identifier NCT06293859). All patients were screened after 
obtaining their written informed consent. 

2.3. Participants  

The present study was advertised to potential volunteers via recruitment flyers which were 
distributed in the hospital premises or posted on social media. Initially, 73 volunteers agreed to 
participate in the study and had in-person screening appointments. The participants were screened 
using an eligibility checklist containing the inclusion and exclusion criteria. The inclusion criteria 
were i) participants to be aged between 18 and 65 years, ii) clinically tested with fasting plasma 
glucose less than 100 mg/dL and cholesterol less than 220 mg/dL and iii) otherwise healthy. Patients 
complying with any of the following exclusion criteria were excluded from the study: i) body mass 
index [BMI] higher than 40 kg/m2 (morbidly obese), ii) following a diet plan for weight loss, iii) 
following a contraceptive treatment or taking probiotic supplements, iv) following medication with 
an effect on lipemia or glycemia indicators, v) having any allergies/intolerances to trial ingredients, 
vi) pregnant or planning to become pregnant, vii) breast feeding, viii) users of illicit drug, having a 
chronic alcoholism or total daily alcohol intake more than 50 g per day, ix) diagnosed with a chronic 
condition (cancer, active liver disease, severe kidney dysfunction, severe stroke in the last six months 
and conditions associated with an increased risk of bleeding) or any other serious medical condition 
that may affect the individual’s ability to participate in a dietary intervention study, x) considered 
unreliable by the researcher or having a shorter life expectancy than the expected duration of the 
study due to some illness or if they were in any situation in which by the researcher’s opinion their 
participation in the study was not considered safe (e.g., drug addiction, alcohol abuse). All 
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participants were informed of the study aims and procedures and provided written informed consent 
prior to commencing the trial. The compliance to any of the above exclusion criteria during the trial 
would result in the immediate cessation of participation in the study.   

2.4. Intervention 

All eligible and consenting participants were assigned a unique code as an identifier, and they 
were randomly allocated to receive either probiotic or placebo oat product. The probiotic group 
received freeze- dried immobilized L. cremoris FBMS_5810 cells on oat flakes provided by QLC 
(Patras, Greece) bearing 1.7 x 109 CFU/ g (Pavlatou et al. 2025).  Since the recommended probiotic 
consumption is ≤ 2 × 10⁹ CFU daily (Ouwehand et al., 2017), 2.85 g of freeze-dried immobilized L. 
cremoris FBMS_5810 cells on oat flakes was defined as the suitable amount to achieve the daily dose 
of 2 × 10⁹ CFU, and was mixed with 2.15 g of oat flakes without L. cremoris FBMS_5810 cells. The 
placebo group received oat flakes indistinguishable in color, smell, and taste from the flakes with 
immobilized probiotics. The participants were given written instructions regarding the storage of the 
product, according to which the product they received had to be stored under refrigerated conditions. 
All participants were asked to consume 5 g of oats daily as part of a meal (e.g., alongside yogurt 
intake), provided the meal was at a temperature below 35 °C and was not acidic. The participants 
were asked to record the days and the way of consuming the intervention products in a diary given 
to them, and to return every six weeks to hand back the unused product and be given fresh refills to 
monitor their compliance with the study protocol. The participants were also asked not to alter their 
habitual dietary intake or routine physical activity, and to report any side effects. 

2.5. Anthropometric and Biochemical Measurements 

Data were collected at enrollment (week 0), the 6th and the 12th week of intervention. Participants’ 
anthropometric characteristics were measured following standard procedures. Weight (kg) was 
measured using a suitable body composition monitor (Tanita SC 330 P, Tokyo, Japan), height (cm) 
was measured using a height meter (Tanita HR 001), and hip and waist circumference (cm) were 
measured with a measuring tape. To evaluate their medical history, participants were asked to self-
complete a medical questionnaire with two demographic questions on their sex and age and three 
questions on their medical history, namely “Have you been on any medication therapy in the last 
three months?”, “Do you take nutritional supplements during the last trimester?”, “Are you 
confronted with any clinical illnesses?”. At the same time, information was collected about potential 
gastrointestinal disorders and the weekly frequency of bowel movements. Participants were asked 
to complete another brief questionnaire to evaluate their nutritional attitudes and general habits. This 
included a food frequency questionnaire, as well as questions on smoking, physical activity, and 
alcohol consumption during the preceding 3-month period.  

Blood samples were collected by venipuncture at three-time points, before intervention, at 6th 
and 12th week. Specifically, 10 ml of blood were collected by a cooperating nursing stuff in clot 
activator tubes for serum collection and in ethylenediaminetetraacetic acid (EDTA). Tubes at each 
sampling time point were centrifuged in a Thermo Scientific ST16R refrigerated centrifuge (Thermo 
Fisher Scientific, Waltham, MA, USA) at 3000 g and 4 °C for 15 min and 10 min for serum and plasma, 
respectively. Plasma and serum were then aliquoted and stored at −40 ◦C until further analysis. Once 
the study was completed, serum samples (for all time points tested) were analyzed with a COBAS 
c111 automated biochemical analyzer (Roche, Basel, Switzerland) for High-Density Lipoprotein 
Cholesterol (HDL-C) and Low-Density Lipoprotein Cholesterol (LDL-C), Total Cholesterol (TC), 
Triglycerides (TGL), high sensivity C-Reactive Protein (hs-CRP) and Uric Acid (UA). Moreover, 
Insulin (INS), Cortisol, Immunoglobulin A (Ig-A), Interleukin-6 (IL-6), Folate, Vitamin B12 (VitB12), 
Vitamin D (VitD) determination was conducted using a Maglumi 2000 Plus automated immunoassay 
system (Snibe, Shenzhen,China). The EDTA plasma was used to determine Total Antioxidant 
Capacity (TAC) at each time point examined, using the Ferric Reducing Antioxidant Power (FRAP) 
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assay, as described by Benzie at al. [25], and for the evaluation of blood glucose levels (biochemical 
analysis). 

Urine samples were delivered by participants to the study investigators on the days of hospital 
visits, as in the case of blood samples.  The volunteers were given written instructions and 
consumables for the sample collection. To examine urine phosphates, urine samples were acidified 
with a concentrated HCl 37% to pH < 3 and stored at a refrigerated temperature of 6-8 oC until further 
analysis. For urine magnesium analysis, samples were acidified to pH 1 with a concentrated HCl 37% 
and stored at −40 ◦C until further analysis. Once the study was completed, urine samples were 
centrifuged in a Thermo Scientific ST16R refrigerated centrifuge (Thermo Fisher Scientific, Waltham, 
MA, USA) at 1 500 × g and 4 °C for 5 min and were analyzed with a COBAS c111 automated 
biochemical analyzer (Roche, Basel, Switzerland). 

2.6. Statistical Analysis 

2.6.1. Sample Size 

According to sample size calculations 42 individuals were adequate to detect a significant group 
interaction effect with an effect size of 0.2, at 5% level with 80% power. To account for 30% drop out 
rate the final sample size increased to 54 individuals. The sample size was calculated using G*power 
3.1 (University of Düsseldorf, Germany). 

2.6.2. Data Analysis  

Descriptive statistics for the concentration and incremental changes of biomarkers tested, are 
shown as mean (Standard Deviation, SD). Normality was assessed using the Kolmogorov–Smirnov 
test. Paired-sample t tests were used to detect within-group differences. For comparison of categorical 
variables, Wilcoxon Signed rank test was conducted. Two-way analysis of variance (ANOVA) was 
used to evaluate between-group changes in variables during the study. The significance level was set 
at 0.05. Statistical analysis carried out using SPSS V21.0 for Windows (IBM Corporation, New York, 
NY, United States). 

3. Results 

3.1. Participants  

A total of 73 potential participants were initially screened based on the inclusion and exclusion 
criteria; 13 participants did not meet the conditions for participation in the study and 6 people 
decided not to participate after the evaluation process, as they could not meet the schedule that was 
set. Finally, 54 individuals (n= 15 men and n= 39 women) were eligible and provided informed 
consent.  Participants were randomly assigned to either the placebo or the probiotic group, and this 
distribution was unknown to them. The study was completed with 46 volunteers (30% men; probiotic 
group n=24, placebo group n=22) as 8 people dropped out during the 12-week intervention. The 
flowchart of the study is shown in Figure 1. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 April 2025 doi:10.20944/preprints202504.0430.v1

https://doi.org/10.20944/preprints202504.0430.v1


 6 of 18 

 

 
Figure 1. CONSORT schematic of participant recruitment, screening, and assessment [26]. 

Participants baseline characteristics are shown in Table 1. The participants’ gender distribution, 
mean age, waste-to-hip ratio (WHR), lifestyle habits, total cholesterol, fasting glucose did not differ 
between probiotic and placebo group at the baseline (all p-values > 0.05). Statistically significant 
differences were found in the participants' body mass index between the intervention groups, where 
the average of the probiotic group appeared to be overweight (BMI > 25.0 kg/m2), while in the control 
group, the weight of the volunteers appeared to be at normal levels (BMI < 24.9 kg/m2) [27].  

Table 1. General characteristics of participants at baseline. 

Variables Probiotic group 
(n=24) 

Control group  
(n=22) 

pa value 

Female (%) 70.8 68.2 p> 0.05 
Age (years) 36.6 (13.9) 30.3 (10.2) p> 0.05 
Height (m) 1.68 (0.1) 1.66 (0.1) p> 0.05 

Body mass index (kg/m2) 26.9 (5.5) 23.3 (3.5) p < 0.05 
Waist-to-hip ratio 0.82 (0.1) 0.80 (0.1) p> 0.05 

Smoking (%) 25.0 18.2 p> 0.05 
Physical Activity (%)    

p> 0.05 High  29.2 40.9 
Regular  25.0 13.6 

Cholesterol (mg/dL) 169.3 (23.4) 172.18 (25.9) p> 0.05 
Glucose (mg/dL) 79.8 (11.5) 79.6 (9.7) p> 0.05 

Data are presented as mean (SD) unless otherwise indicated. aby independent t-tests. 

3.2. Dietary Habits   

Comparisons of dietary intakes at baseline, week 6 and at the end of the trial revealed no 
significant changes in dietary macronutrient intakes in terms of energy (calories), carbohydrates, 
proteins, fats and total dietary fibers within groups.  
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3.3. Blood Biomarkes 

3.3.1. Inflammatory & Immunological Biomarkers  

Among the inflammatory markers, CRP and IL-6 were selected for further study. Specifically, 
serum hs-CRP levels significantly reduced in the probiotic group compared with the control group 
at the 12th week of intervention (p=0.02). Similarly, IL-6 levels significantly reduced at the 12th week 
for the probiotic group (p=0.045), following a between-group comparison. Among immune-related 
biomarkers, IgA was examined, and no statistically significant differences were detected between 
groups (p<0.05). Results are presented in detail at Table 3. 

3.3.2. Lipemia Biomarkers 

To assess the impact of the intervention on the lipid profile of the participants, key indicators such 
as total, HDL-, LDL- cholesterol and triglycerides were examined. According to the results, none of the 
above indicators presented statistically significant differences between the groups (p>0.05) (Table 3). 

3.3.3. Glycemia Biomarkers  

The glycemic biomarkers examined were fasting glucose and insulin. The results showed no 
statistically significant differences between the intervention group and the control group for either 
biomarker (p>0.05) (Table 3).  

3.3.4. Folate, VitB12, VitD 

Among the inflammatory markers, CRP and IL-6 were selected for further study. Specifically, 
serum hs-CRP levels significantly reduced in the probiotic group compared with the control group 
at the 12th week of intervention (p= 0.02). Similarly, IL-6 levels significantly reduced at the 12th week 
for the probiotic group (p= 0.045), after between group comparison. Among immune-related 
biomarkers, IgA was examined, and no statistically significant differences was detected between 
groups. Table 3. shows the results in detail. 

3.3.4. Cortisol, Uric Acid, Antioxidan Capacity 

Cortisol levels showed a statistically significant reduction within probiotic group at the 6th 
(p=0.003) and the 12th (p=0.002) week of intervention, without a statistically significant difference 
between the intervention and control group (p>0.05). Uric acid did not differ significantly between 
groups, while total plasma antioxidant capacity increased significantly at the 12th week of 
intervention for the probiotic group (p=0.026), without this implying statistically significant 
differences between groups (Table 3).  

Table 3. Serum and plasma biomarkers of each intervention group. 

 Probiotics group (n = 24) Placebo group (n=22) pb 

Total 
Cholesterol 

mean (SD) Δ from 
baseline 

pa mean (SD Change pa  

1st week 171.0 (24.4)   172.1 (25.8)   
>0.05 6th week 190.2 (38.2) 19.2 (44.0) 0.039 176.1 (40.0) 4.0 (30.4) >0.05 

12th week 175.8 (28.9) 4.8 (28.3) 0.040 179.3 (49.7) 7.1 (33.2) >0.05 
LDL         

1st week 86.2 (21.8)   86.9 (23.4)   
>0.05 6th week 91.3 (35.9) 5.2 (28.0) >0.05 80.5 (29.5)  -6.4 (18.0  0.005 

12th week 91.7 (25.8)  5.8 (14.0) >0.05 92.3 (34.8)  5.4 (17.7) >0.05 
HDL         

1st week 53.5 (13.2)   54.1 (9.8)    
>0.05 6th week 51.6 (16.1) -1.9 (14.9) >0.05 53.6 (13.2)  -0.5 (13.0) >0.05 
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12th week 54.63 (12.0)  1.1 (9.3) >0.05 58.5 (16.0)  4.4 (11.4)  >0.05 
TRGL        
1st week 73.7 (30.4)   83.5 (64.5)   

>0.05 6th week 77.1 (37.1) 3.4 (28.4) >0.05 79.7 (52.9)  - 3.9 (36.5) >0.05 
12th week 82.4 (34.6)  8.7 (19.1)  0.04 80. 0 (43.9)  -3.5 (29.6) >0.05 

GLU        
1st week 79.8 (11.5)    79.6 (9.7)   

>0.05 6th week 90.3 (19.4) 10.5 (21.5) 0.025 86.3 (16.3)  6.7 (12.4) 0.019 
12th week 93.1 (10.5)  13.3 (10.4) <0.001 93.9 (11.2) 14.3 (10.6) <0.001 

INS        
1st week 9.5 (3.4)   7.7 (3.4)   

>0.05 6th week 7.8 (2.9) -1.7 (1.9) <0.001 8.2 (4.9) 0.5 (3.7) >0.05 
12th week 11.2 (5.8) +1.7 (3.7) 0.042 7.8 (3.0) 0.1 (2.4) >0.05 

UA        
1st week 4.5 (1.4)   4.5 (1.1)   

>0.05 6th week 4.0 (1.8)  - 0.5 (0.9 0.008 4.1 (1.4) -0.4 (0.9) 0.025 
12th week 4.6 (1.2) 0.1 (0.6) >0.05 4.7 (1.2)  0.2 (1.0) >0.05 
Cortisol        
1st week 165.7 (64.8)   154.6 (50.1)   

>0.05 6th week 131.0 (44.9)  -34.8 (50.6) 0.003 139.8 (52.6) 14.8 (36.4) >0.05 
12th week 137.5 (48.4) -28.2 (38.4) 0.002 132.7 (61.3) 22.0 (58.1) >0.05 
hs-CRP        
1st week 20.2 (21.7)   9.1 (0.0)   

0.02 6th week 21.6 (33.0) 1.4 (32.0) >0.05 7.9 (11.0)  -1.2 (10.2) >0.05 
12th week 16.8 (20.8)  -3.4 (16.3)  >0.05 10.3 (12.0)  1.2 (12.5) >0.05 

IgA        

1st week 2352.6 (895.1)   
2188.5 

(1179.0)    

>0.05 6th week 2352.4 (789.8) -0.3 (608.1) >0.05 
2515.4 

(1304.1) 
327.9 

(1266.7) >0.05 

12th week 2267.5 (782.4) -85.2 
(377.1) 

>0.05 2213.8 
(952.1) 

25.4 (780.4) >0.05 

IL-6        
1st week 4.3 (2.6)   3.0 (1.8)   

0.045 6th week 2.5 (2.0) -1.8 (2.6) <0.002 1.5 (0.9) -1.6 (2.2) 0.001 
12th week 2.9 (1.9) -1.3 (2.9) 0.03 2.9 (2.5) -0.2 (3.4) >0.05 
Folate        
1st week 7.9 (3.7)   7.7 (3.7)   

>0.05 6th week 6.8 (3.3) -1.1 (2.1) 0.012 7.7 (5.7)  -0.1 (1.9) >0.05 
12th week 5.7 (3.4)  -2.2 (2.2) <0.001 5.5 (3.8)  -2.2 (3.2) 0.004 
VitB12        
1st week 468.7 (115.5)   488.8 (187.5)   

>0.05 6th week 502.3 (103.3) 33.6 (83.4) >0.05 511.6 (169.2) 22.8 (120.4) >0.05 
12th week 522.7 (114.4) 54.0 (118.7) 0.036 506.8 (121.3) 18.0 (93.6) >0.05 

VitD        
1st week 23.5 (9.1)   23.3 (8.2)   

>0.05 6th week 22.3 (8.5) -1.2 (3.0) >0.05 24.0 (8.3) 0.7 (4.1) >0.05 
12th week3 25.9 (6.2) 2.4 (7.7) >0.05 25.1 (5.2) 1.7 (6.7) >0.05 

TAC        
1st week 0.8 (0.2)   0.8 (0.2)    
6th week 0.9 (0.2) 0.04 (0.1) >0.05 0.8 (0.2) 0.03 (0.1) >0.05 >0.05 

12th week 0.9 (0.2) 0.06 (0.1) 0.026 0.9 (0.2) 0.05 (0.1) >0.05  
pa indicates differences within groups; pb indicates differences between groups. 
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3.3.5. Urine Biomarkers 

Among urine biomarkers, magnesium and phosphorus were selected for further study. 
Specifically, urine magnesium levels significantly reduced in the probiotic group compared with the 
control group at the 6th week of intervention (p=0.01). Regarding the results of urinary phosphates, 
no statistically significant changes were noted between the groups (p<0.05). Results are presented in 
detail in Table 4. 

Table 4. Urine biomarkers of each intervention group. 

 Probiotics group (n=24) Placebo group (n=22) pb 

Urine 
Magnesium  

mean (SD) Δ from 
baseline 

pa mean (SD) Change pa  

1st week 11.0 (5.7)    9.8 (7.7)   
0.022 6th week 7.9 (3.9) -3.05 (5.6) 0.01 8.2 (7.4) -1.7 (9.7) >0.05 

12th week 10.4 (6.6) -0.6 (8.2) >0.05 9.0 (6.2) -0.9 (6.4) >0.05 
Urine 

Phosphorus 
       

1st week 103.7 (54.0)   98.8 (44.8)    
>0.05 6th week 105.0 (45.4) 1.3 (50.3) >0.05 91.0 (41.3) -7.7 (54.8) >0.05 

12th week 106.1 (66.3) 2.4 (50.6) >0.05 120.9 (59.3) 22.1 (73.8) >0.05 
pa indicates differences within groups; pb indicates differences between groups. 

4. Discussion 

Novel functional foods incorporating probiotics represent a rapidly expanding sector within the 
food industry, drawing particular attention from the field of nutrition owing to their advantageous 
impact on human health [28]. Non-dairy probiotic products are of great importance worldwide due 
to the ongoing trend of vegetarianism, milk cholesterol content, and the high prevalence of lactose 
intolerance in many populations around the world [29]. Non-dairy foods such as fruits, vegetables, 
cereals, soy, and meat, known for their abundance in protein, minerals, vitamins, dietary fibers, 
antioxidants, and various bioactive substances, have been examined for their potential to support the 
survival and stability of probiotics [30]. Oats are a rich source of β-glucan, which act as prebiotics that 
selectively fermented by butyrate-producing microorganisms, antioxidant phenolic compounds, 
dietary lipids, and soluble fibers [31]. Probiotic immobilization in oat flakes may serve the concept of 
“synbiotics,” a blend of probiotics and prebiotics, and appears to be a potential strategy to improve 
intestinal survival and implantation of live microbial supplements [32].  

The present study tested the hypothesis that Lactococcus cremoris spp immobilized in oat flakes 
may have a positive effect on blood and urine biomarkers, related to chronic diseases and/or nutrient 
deficiencies, in healthy participants. The primary outcomes of the present study were markers related 
to inflammation, and specifically hs-CRP and IL-6 biomarkers reduced significantly in the 12th week 
of intervention for the probiotic group. Literature data indicate that the gut microbiota has an 
influence on the development and maintenance, not only of the mucosal, but also the systemic 
immune response [33]. Some studies have linked this beneficial effect of probiotics with their 
potential ability to inhibit production of pro-inflammatory [34]. Several meta-analysis have 
investigated the effects of probiotics on inflammatory markers in various disease conditions, however 
limited number of studies have examined the effect of probiotics on inflammation in healthy 
individuals [35]. Among the different strains, a statistically significant probiotic effect was noted on 
inflammatory biomarkers after six weeks of consumption [36], while in a corresponding 8-week 
study, no differences were noted between groups [37].  

Immunoglobulin A (IgA) stands out as the predominant antibody isotype, playing a crucial role 
in the initial defense against pathogens at mucosal surfaces and contributing to the maintenance of 
mucosal balance [38]. Secretory IgA plays an important role in protection against infections caused 
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by enteropathogenesis in both human and animal models [39]. IgA is enhanced by probiotics as a 
reaction related to the mucosal immunity of the host intestine. Intestinal micro-organisms may 
contribute to the development of the acquired immune system of infants, especially in the 
development of mucosal immunity and the production of endogenous IgA [40]. However, it should 
be noted that in the present study, no statistically significant effect of probiotic consumption on IgA 
levels was observed. This may be attributed to both the strain and dose of probiotics administered in 
the present study. 

The effect of probiotics on biomarkers related to the lipid profile has been studied extensively in 
recent years, and research results indicate that the estimated time needed to observe more definite 
results using probiotics in isolation appears to be 6 weeks [41]. According to a meta-analysis that 
included studies of different probiotic strains in healthy adults, probiotics can significantly reduce 
serum TC, whereas the same study assumed that different intervention groups with single or 
multiple strains and low or high doses did not show significant differences in lowering TC [42]. In 
the present study, no statistically significant differences were detected between the two groups, 
whereas in the probiotic group, there was an increase in total cholesterol levels. Similarly, for 
triglyceride levels, no statistically significant differences were noted between the groups; however, 
there was an increase in triglyceride levels within the probiotic group. Literature suggests that serum 
cholesterol and triglyceride levels may be more dependent on the degree of adiposity in volunteers 
than on the frequency of consumption of fat, sugar, starch, or alcohol [43]. This justifies the increase 
in cholesterol and triglyceride lipid levels in the probiotic group, while, as shown above, the probiotic 
group appears to have a significantly higher BMI compared to the control group. 

In conjunction with triglyceride levels, both HDL and LDL cholesterol levels serve as risk factors 
for cardiovascular disease. The effect of probiotics on HDL and LDL cholesterol levels is highly 
heterogeneous; however, it can be observed that in individuals with higher metabolic risk, the effect 
of probiotics in reducing LDL and increasing HDL cholesterol is higher [44–46]. In clinical trials 
employing a similar design, there were no discernible metabolic variations observed in the 
aforementioned biomarkers among healthy participants [47,48]. In the present study, no statistically 
significant effect of probiotic consumption on HDL- and LDL- cholesterol levels was observed. This 
may be attributed to the health status of the participants, as they were not individuals with a higher 
metabolic risk. Moreover, the lack of change in the examined biomarkers may be strain-related. 

Abnormal glucose metabolism is causally related to a greater risk of several chronic disorders, 
including dyslipidemia and cardiovascular diseases, and dietary constituents and supplements have 
been proposed to improve glycemic control [49]. Several trials have suggested that probiotic 
consumption may prevent or reduce elevated blood glucose levels while the glucose-lowering effect 
of Lactobacillus and Bifidobacteria has been investigated in several human studies [50]. In the present 
study, examining the effect of Lactococcus cremoris spp., no statistically significant differences were 
found between the two groups. In parallel with glucose metabolism, the impact of probiotics on 
insulin levels is an area of ongoing research, and several studies suggest that probiotic 
supplementation may improve insulin metabolism [51]. According to the results of the present study, 
a significant reduction in insulin levels was detected within the probiotic group at the 6th week of 
intervention, which returned to baseline values during the 12th week of intervention. However, no 
statistically significant differences were found between probiotic and control group. 

Further examination of biomarkers associated with cardiovascular diseases, such as serum 
cortisol, uric acid levels and plasma total antioxidant capacity (TAC), was performed. Cortisol, which 
is synthesized from cholesterol, is the main glucocorticoid in the zona fasciculata of the human 
adrenal cortex [52], and it was recently recognized that cortisol may be involved in a number of forms 
of hypertension [53] and other cardiovascular risk factors such as hyperinsulinemia, hyperglycemia, 
insulin resistance, and dyslipidemia [54]. Data on the effects of probiotic strains on cortisol, as well 
as the metabolic mechanisms that bring about possible changes, are limited. A symbiotic consisting 
of Lactobacillus spp., Bifidobacterium spp., and prebiotics reduced serum cortisol levels after 12 weeks 
of consumption [55], whereas a study with a similar intervention product observed a reduction in 
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urinary cortisol over 8 weeks [56]. However, a study of functional yogurt containing Lactobacillus spp. 
and Bifidobacterium spp. observed no statistically significant differences in cortisol secretion over a 12-
week period [57]. In the present study, a statistically significant reduction in cortisol secretion was 
identified during the 6th week of intervention in the probiotic group, which was maintained during 
the 12th week of intervention. However, no statistically significant differences were found between 
the two groups. 

While the correlation between serum uric acid and cardiovascular disease has long been 
acknowledged, it remains inconclusive whether serum uric acid acts as a causative agent in 
cardiovascular disease or merely represents a risk factor strongly linked to established cardiovascular 
risk factors such as hypertension and dyslipidemia [58]. Considerable clinical and epidemiological 
evidence supports that probiotics reduce serum uric acid levels, through three often overlooked 
mechanisms: (1) metabolizing purines into compounds distinct from uric acid; (2) diminishing the 
activity of xanthine oxidase (liver enzyme associated with uric acid production); and (3) enhancing 
the expression of uric acid transporter proteins to facilitate the excretion of uric acid [59]. In an 8-
week randomized trial, the daily consumption of yogurt enriched with Lactobacillus acidophilus and 
Bifidobacterium lactis significantly reduced serum uric acid levels in patients with metabolic syndrome 
[60]. In a same-design study, a yogurt beverage enriched with Lactobacillus gasseri reduced serum uric 
acid levels in patients with hypouricemia [61]. The present study detected no difference between 
groups in serum uric acid levels, probably because healthy volunteers with values within normal 
limits participated. 

In recent years, the number of studies, both in vitro and in vivo, related to the antioxidant 
properties of probiotics has significantly increased, while the development of probiotics that exert 
antioxidant activity and counteract oxidative stress is a novel approach to reduce oxidative stress 
[62]. Oxidative stress is also a key factor in the pathogenesis of CVD (e.g., atherosclerosis), and a 
disorder of prooxidant/antioxidant balance and domination of prooxidative reactions may lead to 
oxidative stress in the nervous system, which may affect brain development and function [63]. In a 
seven-week study, a synbiotic capsule containing Lactobacillus casei with inulin was found to be an 
effective compound that protects the human body from oxidative stress damage and increases total 
antioxidant plasma capacity [64]. However, in the present study no statistically significant differences 
were found between the two groups. 

Given humans' inability to internally synthesize most vitamins, reliance on exogenous sources 
is necessary; the utilization of microorganisms capable of producing vitamins presents a potentially 
more natural and consumer-friendly alternative to fortification with chemically synthesized pseudo-
vitamins [65]. Folate is a B-group vitamin that is involved in many metabolic pathways, such as 
energy usage, nucleic acid synthesis, and one-carbon metabolism, while recent findings link folate 
levels with the reduction of neural tube defects, coronary heart diseases, and cancer [66]. LAB have 
been reported to be folate producers; however, the ability of microbial cultures to produce or utilize 
folate varies considerably and is a strain-dependent trait [67]. Research indicates that the substantial 
folate synthesis within the human gastrointestinal tract could be clinically relevant if bioavailable, 
with direct in vivo evidence demonstrating the absorption of bacterially synthesized folate across the 
intact large intestine and its incorporation into tissues [68]. Vitamin B12 , like folate, are associated 
with preventing chronic diseases associated with aging through the methylation of homocysteine 
[69]. Vitamin B12, otherwise known as cobalamin, has the most complex structure of all the vitamins 
synthesized by bacteria requiring about 30 genes for its biosynthesis [70]. Apart from the production 
of vitamin B12 by some probiotic bacteria, probiotics might improve vitamin B12 status by altering 
the composition of the gut microbiome and reducing the abundance of intestinal bacteria involved in 
B12 catabolism [71]. Improvements in nutrient status following the administration of certain 
probiotics have been noted for B-group vitamins (folate and B12) [72–74]; however, clinical trials 
assessing probiotic supplementation have yielded varying outcomes across diverse micronutrients. 
In the present study, the impact of the Lactococcus cremoris strain on folate levels in healthy volunteers 
was assessed, revealing no statistically significant differences between the intervention groups, likely 
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attributable to the inability of the strain to produce folate. Vitamin B12 levels were significantly 
increased within probiotic group, however this change was not detected between groups.  

Vitamin D, a fat-soluble vitamin, is essential for the development and maintenance of bone 
tissue, as well as for normal homeostasis of calcium and phosphorus and normal functioning of the 
immune system [75]. Implicated in the onset of various chronic endocrine and metabolic disorders, 
vitamin D deficiency is associated with a decreased risk of cardiovascular diseases, diabetes, and 
metabolic syndrome, as indicated by meta-analyses emphasizing the importance of maintaining 
sufficient vitamin D concentrations in adults [76]. Evidence from a clinical trial suggested the role of 
the probiotic bacteria Lactobacillus reuteri in increasing vitamin D levels [77], while further data on the 
effect of probiotic ingredients on vitamin levels are needed. In the present study, no significant 
changes were observed in vitamin D levels between the groups. 

Moving on to urine biomarkers, phosphate and magnesium levels were examined. Urine 
magnesium (Mg) levels indicates Mg body content while Mg-deficient volunteers tend to retain a 
greater proportion of a Mg load and, consequently, excrete less Mg in urine than normal individuals 
do [78]. Probiotics can stimulate the quantitative or qualitative composition of the intestinal 
microflora to improve and magnesium bioavailability [79]. According to in vivo results, multi strain 
probiotic consumption tend to affect magnesium levels in some organs through the absorption and 
distribution process in the organism. The present study detected a significant reduction of urine 
magnesium levels at the 6th week of intervention for the probiotic group which indicates that 
magnesium has been incorporated into the cells due to its necessity. In the case of urine phosphorus, 
data remain limited, while a study examining the effects of probiotics on urine phosphorus 
absorption did not detect statistically significant differences [80]. These data are consistent with the 
results of the present study, according to which no statistically significant differences in urine 
phosphorus absorption were detected between the two groups.  

Also, it should be stated that the present study had some limitations. First, a 12- week dietary 
intervention might not be sufficient to change the gut microbiota composition and blood markers in 
healthy subjects due to an unhealthy lifestyle. However, prolonging the duration of the study could 
potentially impact compliance, thereby negating any potential benefits. Second, during the conduct 
of the study the volunteers were not given a dispenser for the intervention product but clear 
instructions to use household utensils as dispensers. This may have caused discrepancies in the 
consumption of the intervention product among the volunteers. Despite the above, the study was 
significantly and adequately powered to investigate the efficacy of probiotic immobilized oat flakes 
on blood and urine biomarkers.  

5. Conclusions 

In this randomized, placebo-controlled, single-blind clinical trial we found a positive effect of 
Lactococcus cremoris spp. immobilized on oat flakes on inflammatory biomarkers after a 12-week 
consumption. However, it is essential to approach these findings with caution, and additional 
research is needed owing to the diversity of health outcomes, variations in the assays employed in 
the studies, and the complexity of the pathways in which gut microbiota play a role in the 
inflammation and anti-inflammation balance in different diseases. 
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