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Abstract: In the light of the increasing incidence of chronic metabolic diseases, fermented functional foods are 
receiving growing demand due to their important functional activities. The aim of this pilot clinical study-
nutritional intervention is to expand knowledge on how the habitual intake of a biofunctional miso-type sauce, 
enhanced with bio-carotenoids, may affect biomarkers of oxidative stress and inflammation, in healthy volun-
teers. Under a random cross-over, controlled, and single-blind design, ten healthy participants who met the 
eligibility criteria supplemented their daily habitual diet with 20g of legume-based or the bio functional miso-
type sauce, for thirty days, intervening a washout period of one week. Blood sampling was performed at base-
line and at the end of each interventional period. Serum total-, HDL- and LDL- cholesterol, triglycerides, uric 
acid, glucose and plasma total antioxidant capacity, were measured. After thirty days, the miso-type sauce 
induced higher total antioxidant capacity concentrations and improved the mean triglycerides and LDL-cho-
lesterol values, compared to the control sauce, aligned with the previous acute data. This long-term study sup-
ports acute postprandial observations and warrants research expansion by showing that the bio functional 
miso-type sauce, enhanced with bio-carotenoids may possess a preventive role in chronic inflammation and 
oxidative stress. 

Keywords: bio functional miso-type sauce; bio-carotenoids; habitual consumption; metabolic effect; bioactiv-
ity; oxidative stress; inflammation  

 

1. Introduction 
The recent strategies for prevention or delay of non-communicable diseases, related to oxidative 

stress, such as obesity, cardiovascular diseases and diabetes, have led to an increasing interest in the 
development of functional foods, designed to target reduce the oxidative status and inflammation [1, 
2]. In this sector, numerous vitro, animal and clinical studies highlight the beneficial effect of fer-
mented foods, possessing significant antioxidant, anti-hypertensive, anti-inflammatory and hypoli-
pidemic activities [3]. Khayatan et al. unveiled that including fermented foods in the daily diet may 
improve several clinical outcomes, which are aligned with the reported properties [3].  

Among these, miso, a traditional Japanese sauce, which is prepared by fermented soy bean paste 
[4] have been extensively studied for its possible preventive role against oxidation and inflammation 
[5], mainly attributed to the metabolic activity of microorganisms, which during fermentation process 
produce bioactive peptides, increasing the bio-availability of phenolic compounds and inhibiting di-
gestive enzymes activity [6]. Additionally, these microorganisms are known to increase the bio-ac-
cessibility of crucial isoflavones, leading to improved lipid management, as well as to reduced in-
flammation and oxidative status [1]. Consumption of fermented soy foods, including miso, possess a 
regulatory role on concentrations of inflammatory markers, mainly Interleukin-6 (IL-6), but also on 
C-Reactive Protein (CRP) and Interleukin-18 (IL-18) levels, reinforcing their healthful impact [1]. Ev-
idence also supports that miso consumption may inhibit the growth of certain tumors, including 
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those affecting the stomach, colon, liver, and lungs, in animal studies. It has been also associated with 
better management of hypertension, reduced insulin resistance, suppressed visceral fat, and reduced 
lipid accumulation in the liver [4, 7]. 

Our previous clinical study introduced the evaluation of the acute metabolic effect of a novel 
miso-type sauce, enhanced with bio-carotenoids derived from fruit by-products, at the postprandial 
state [8]. Bio-carotenoids and polyphenols recovered from fruit by-products have been assessed to 
synergistically enhance the activity of novel miso against oxidative stress and inflammation. It has 
been suggested that hydrolytic enzymes produced during the fermentation process on substrates 
such as barley, wheat and rice bran may further enhance the bioactivity of the final product [8]. The 
findings of the previous postprandial dietary intervention indicated that consumption of a high-fat, 
high-carbohydrate meal, which causes acute oxidative stress, containing the functional miso sauce, 
can increase plasma total antioxidant capacity (TAC) in humans [8]. 

Furthermore, there are indications that daily miso consumption may reduce insulin resistance 
in women [9]. The hypocholesterolemic role of miso is demonstrated in a 9-month follow-up, where 
daily intake of 50g of miso by non-vegetarian premenopausal women, it seems capable of leading to 
a reduction in total cholesterol values [10]. Although the evidence supports that habitual consump-
tion of miso soup may not significantly alter the HDL-cholesterol, triglycerides, glucose and uric acid 
levels in diabetic men and women [7], this pilot clinical study extends the evaluation of the acute, 
metabolic effect of the novel miso-type sauce, enhanced with bio-carotenoids from fruit by-products 
[8].  

Therefore, the aim of the present pilot cross-over clinical study was to further investigate the 
effect of the habitual consumption of the bio functional miso-type sauce, enhanced with bio-carote-
noids on lipidemic, glycemic and oxidative biomarkers, in healthy volunteers.     

2. Materials and Methods 
2.1. Study Design 

This pilot clinical study was a cross-over, randomized and single-blind nutritional intervention, 
conducted from November 2021 to January 2022, at the Laboratory of Nutrition and Public Health of 
the University of the Aegean (Lemnos, Greece). The study was also carried out following the recom-
mendations of Declaration of Helsinki, 2013 [11]. The Ethics Committee of the University of the Ae-
gean approved the trial protocol (IRB No. 10/30.09.2021).  

2.2. Participants 
Participants were randomly recruited from Lemnos, Greece through social media invitations. 

Potential volunteers were initially screened for their medical and nutritional histories, and the bio-
chemical and anthropometric profiles. Anthropometric assessment (height, body weight body com-
position) was carried out using a body composition analyzer (Tanita SC 330, TANITA EUROPE B.V., 
Amsterdam, The Netherlands) and biochemical evaluation was completed by showing recent (quar-
terly) biochemical test results. The inclusion criteria were: (1) Individuals whose age is over 18 years 
(2) and provide a signed, informed consent. Cases with age <18 and >65 years, abnormal biochemical 
and hematological parameters, dietary supplementation (antioxidants, vitamins, minerals) or medi-
cation intake, chronic diseases (cardiovascular disease, diabetes, malignancies, liver disease, iron de-
ficiency anemia), heavy smoking (>10 cigarettes/day), consumption of >40 g alcohol/day, and inabil-
ity to give consent were excluded.  

All participants who met the inclusion criteria were provided with a detailed explanation of the 
protocol and signed an informed consent form. 

2.3. Group assignment 
This trial used single blinding methodology, where researchers were blinded to group alloca-

tion. During each trial period, volunteers were randomly and equally assigned to one of two experi-
mental groups: Control group or Miso group, using a concealed simple randomization process, en-
suring they were unaware of their group assignment. Participants crossed over from the one study 
arm to the other. In each trial period, individuals who joined the Control group consumed the control 
sauce, and those who were assigned to the Miso group received the interventional, miso-type sauce. 
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2.4. Experimental sauces composition 
In the study two different types of sauce were investigated:  

(A) Control sauce: legume-based, made from 50% Greek legume paste (a 1:1 ratio of Afkos and chick-
peas), combined with 50% boiled water. 

(B) Miso-type sauce: the novel sauce from fermented Greek legumes, enhanced with bio-carotenoids. It 
was created by fermenting a blend of cereal by-products and chickpeas (50% of total weight) with 
0.05% (w/w) Aspergillus oryzae spores. This innovative sauce was further enhanced with a fruit by-
product extract, comprising 42.5% of the total formulation. The extract is a combination of carrot 
(30%), orange (30%), apple (20%), banana (10%), and kiwi peel (5%) extracts, making it particularly 
rich in carotenoids. 

The preparation processes and composition of the test sauces have been previously described 
[8]. Table 1. demonstrates the nutritional values of the trial sauces. Notably, the interventional, miso-
type sauce offers significant nutritional advantages over the control sauce, providing an additional 
56.2 mg of total phenolics and 48.14 mg of total carotenoids, per daily portion (20g).  

Table 1. Nutritional value of experimental sauces per portion (20g). 

Nutritional composition per 
20g 

Control sauce Miso-type sauce 

Energy (kcal) 67.4 67.4 
Carbohydrates (g) 7.45 7.45 

Fat, total (g) 0.42 0.42 
Protein (g) 3.90 3.99 

Saturated fat (g) 0.05 0.05 
Unsaturated fat (g) 0.37 0.37 
Cholesterol (mg) 0.00 0.00 

Dietary fiber, total (g) 0.92 0.92 
Sugar, total (g) 0.60 0.60 

Phenolics, total (mg) 1.40 57.60 
Carotenoids, total (mg) 0.04 48.16 

Antioxidant Capacity, total 
(mg) 

0.11 165.18 

2.5. Experimental design 
The nutritional intervention was performed in total two monthly periods (one month consuming 

the interventional or the control souse) using a randomized cross-over design, with a 1-washout 
week. Volunteers were instructed to maintain their usual diet and physical activity throughout each 
trial period, with only the addition of the allocated sauce to their intake. They were also requested to 
inform the evaluators in case of taking any emergency medication for health reasons, throughout the 
trial periods. Preservation instructions were also given for the trial sauces.  

The participants subsequently received 30 daily portions of 20 g each, of control or miso-type 
sauces. These were administered in a random order and efficiently provided in ID-labeled, ready-to-
eat plastic containers, in respect to single-blinding and the avoidance of any participant bias. Volun-
teer compliance was monitored on a weekly basis through direct telecommunication. Typically, dur-
ing these calls, a 24-hour dietary recall was recorded to ensure that volunteers were adhering to the 
research guidelines (data not shown). 

Each volunteer attended at the fasting state, the Laboratory of Human Nutrition and Public 
Health (Department of Food Science and Nutrition, University of the Aegean) during the following 
days of each trial period: (1) Before taking any dietary regimen (Baseline) (2) On the 31st day after 
following the outset of the respective dietary regimen. Prior to each blood collection visit, they were 
asked to follow a 12-hour fasting and to abstain from alcohol, caffeine, medicators, and dietary sup-
plements for 12 hours. A dietary 24-hour recall (once a visit) was also collected to ensure compliance 
with these instructions (data not shown).   

Blood samples (10 mL) were drawn by collaborating doctors. Serum was obtained from clot ac-
tivator tubes, and plasma was collected in EDTA (ethylenediaminetetraacetic acid) tubes (Weihei 
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Hongyu Medical Devices Co., Ltd, Weihai, China) before centrifugation at 3000 rpm, 4ο C, 15 min, 
using a tabletop high-speed refrigerated centrifuge (Thermo Scientific ST16R, Thermo Fisher Scien-
tific, Waltham, MA, USA). The serum and plasma samples were kept at -40o C, until analysis. Serum 
total-, High Density Lipoprotein- (HDL-), Low Density Lipoprotein- (LDL-) cholesterol, triglycerides, 
glucose, and uric acid, were assessed, using an automated biochemical analyzer (COBAS c111, Roche, 
Basel, Switzerland). Plasma total antioxidant capacity (TAC) was evaluated by FRAP assay, as previ-
ously described by Chusak et al. [12]. Baseline measurements were repeated at the 4-week follow-up 
visit, for each interventional period. 

An overview of the visit procedures of the pilot clinical study visits is presented in Figure 1.  

 
Figure 1. Overview of the visit procedures. 

2.6. Statistical analysis 
The sample size for this long-term nutritional intervention was based on prior studies. To 

achieve a statistically significant level (p < 0.05), it was estimated that 10 participants were adequate 
to detect a plasma antioxidant capacity difference of 0.77 ± 0.42 mmol/L between the experimental 
groups, ensuring a statistical power of 95% at 95% confidence level. Accounting for an anticipated 
15% drop out rate, 12 subjects were enrolled.  

Statistical analysis was conducted with SPSS V21.0 software for Windows (IBM Corporation, 
New York, NY, USA). The mean age of volunteers, the anthropometric and body composition values 
and the biochemical results are mentioned as Mean ± Standard Deviation (SD) with significance set 
at p<0.05. The Kolmogorov-Smirnov test was used to evaluate normality. One-way Anova tests ex-
amined the variability of the initial characteristics between men and women. Repeated Anova 
Measures were performed to test the group, time, and group by time interaction effects on metabolic 
biomarker responses, followed by Bonferroni post hoc tests. The statistical significance of changes 
from baseline to 30-days follow-up was evaluated by within-group two-tailed samples t-test. (within-
group variation).  

3. Results 
3.1. Initial Characteristics  

Twelve (N=12) healthy volunteers (6 men and 6 women) entered this pilot study. Two  individ-
uals withdrew for unrelated to the study, for personal reasons. Therefore, the study was completed 
with the remaining volunteers and statistical analysis was carried out for 10 participants (4 men and 
6 women). Three (N=3) of them declared light smokers (<5 cigarettes/day) and five individuals were 
integrated moderate physical activity in their habits. Muscle and bone mass showed significant dif-
ferences between men and women (p=0.016 and 0.015, respectively), while non significant differences 
(p>0.05) were observed for the remaining initial characteristics between sexes. No volunteer in either 
group missed > 2 consecutive sauces during the study. The initial characteristics of the study partici-
pants are presented in Table 2. 

Table 2. Initial characteristics of the study participants. 

Variable Mean± SD p Value1 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2025 doi:10.20944/preprints202504.2255.v1

https://doi.org/10.20944/preprints202504.2255.v1


5 of 13 

Age (years) 22.80±4.02 0.68 
Anthropometric Characteris-

tics 
  

Body Weight (kg) 71.73±19.09 0.08 
Height (cm) 168.40±7.76 0.071 

Body Mass Index (index) 24.97±4.27 0.14 
Fat Mass (kg) 22.38±8.42 0.42 

Muscle Mass (kg) 52.25±12.45 0.012 
Body Water (kg) 53.85±8.79 0.27 
Bone Mass (kg) 2.78±0.60 0.012 

Waist/Hip Circumference ra-
tio (index) 

0.68±0.22 0.08 

Biochemical Characteristics   
Total cholesterol (mg/dL) 143.70±21.12 0.62 

Glucose (mg/dL) 75.70±12.84 0.93 
HDL-cholesterol (mg/dL) 45.37±9.36 0.08 
LDL-cholesterol (mg/dL) 81.64±33.32 0.96 

Triglycerides (mg/dL) 61.20±21.38 0.58 
Uric Acid (mg/dL) 4.30±1.34 0.69 

Total Antioxidant Capacity 
(mmol/L) 

0.27±0.09 0.53 

1 p Value: Probability value, represents the significance of differences between men and women for baseline 
characteristics 2 Statistical significance at level of 0.05 

3.2. Biochemical and Antioxidant Responses   
The profiles of serum total, HDL- and LDL- cholesterol, triglycerides, glucose, uric acid, and 

plasma Total Antioxidant Capacity (TAC) at baseline and at the 30-days follow-up, as well as the 
group, time effects and group x time interactions, are summarized in Table 3. The outcome of the 
biomarkers tested over the study periods, following the control and the novel miso-type sauce, are 
illustrated in Figure 2. Baseline biochemical and antioxidant values show variation between the study 
groups, due to the randomization process and the diversity of participants' metabolism. Neverthe-
less, the initial mean concentration of the biomarkers tested did not significantly differ between 
groups (p> 0.05). 

Table 3. Baseline and 30-days follow up values of biochemical and antioxidant parameters of participants. 

    Baseline 
30-days 

Follow-up 

p value1 
Group 
effect 

p value1 
Time 
effect 

p value1 
Group x 

Time 
 

Interaction 
Total cholesterol 

(mg/dL) 
Control  137.70±25.90 195.60±42.10 

0.80 <0.0012 0.25 
Miso  141.80±28.20 183.60±37.08 

Glucose (mg/dL) 
Control  70.80±11.69 83.75±9.08 

0.08 0.042 0.39 
Miso  81.30±10.40 110.00±53.69 

HDL-cholesterol 
(mg/dL) 

Control  46.00±3.53 58.25±1.75 
0.27 0.0022 0.18 

Miso  55.37±4.77 59.50±4.22 
LDL-cholesterol 

(mg/dL) 
Control  74.75±26.69 119.05±45.68 

0.75 <0.0012 0.032 
Miso  86.27±37.68 101.17±33.30 

Triglycerides 
(mg/dL) 

Control  58.97±6.76 73.70±16.60 
0.49 0.41 0.032 

Miso  64.20±29.05 58.40±27.10 

Uric Acid (mg/dL) 
Control  4.30±1.34 5.01±1.20 

0.33 0.0012 0.47 
Miso  4.86±0.82 5.36±0.54 

TAC (mmol/L) Control  0.33±0.15 0.20±0.15 0.50 0.0012 0.012 
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Miso  0.18±0.09 0.26±0.12 
1 p value: Probability value represents the significance of differences between the study groups 2 Statistical sig-
nificance at level of 0.05 

  
(a) (b) 

  
(c) (d) 

 
 

(e) (f) 

 

 

(g)  

Figure 2. Incremental changes of the biochemical and oxidative parameters assessed during the 30-day period, 
following the experimental groups (a) Total cholesterol outcome following the control and miso group (b) Glu-
cose outcome following the control and miso group (c) HDL-cholesterol outcome following the control and miso 
group (d) LDL-cholesterol outcome following the control and miso group (e) Triglycerides outcome following 
the control and miso group (f) Uric Acid outcome following the control and miso group (g) Total Antioxidant 
Capacity outcome following the control and miso group. 

3.2.1. Plasma Total Antioxidant Capacity (TAC) 
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The results revealed that the experimental sauces significantly affected plasma TAC (p=0.01) 
throughout the trial periods (group x time interaction), despite the absence of any group or time 
effects (p>0.05). Under within-group analysis, habitual consumption of the bio functional miso-type 
sauce, enhanced with bio-carotenoids significantly increased plasma TAC (p= 0.04, MD= 0.07). On 
the contrary, after 30 days of consuming the control sauce, the plasma TAC of participants experi-
enced a significant downward trend (p=0.03, MD= -0.12)(Figure 2g). Despite the fact that the baseline 
mean value in the control group was higher than the respective miso group concentration (p= 0.06, 
MD= 0.14), the final measurement observed non significantly, higher levels of plasma TAC following 
the miso group than following the control group (p= 0.46, MD= 0.05) (Figure 2g).  

3.2.2. Serum Lipids 
Total cholesterol levels showed significant changes in the baseline and 30 days in either group 

(time effect: p< 0.001), however no difference was observed (group effect: p=0.80) between the two 
groups. Furthermore, no significant interaction of time and group (group x time interaction: p= 0.25) 
was determined, showing similar outcome of total cholesterol in both groups (Figure 2a).  

Regarding the effect of the study sauces on HDL-cholesterol concentrations, a time effect was 
detected (p= 0.002). Although, the test sauces did not significantly affect (group effect: p= 0.27) the 
overall HDL-cholesterol outcome, and there was no evident group x time interaction (p= 0.18). Serum 
HDL-cholesterol gradually increased from baseline until the final measurement (p= 0.016, MD= 12.25) 
after 30-days of the control sauce consumption, while after following the habitual intake of the bio 
functional miso-type sauce, non significant increase was found (p= 0.12, MD= 4.12)(Figure 2c).  

In the control group there was a 59.24% increase in LDL-cholesterol, compared with baseline 
values (p= 0.001, MD= 44.29). This increase in the miso group was minor, reaching  approximately a 
percentage of 17.27% (p= 0.02, MD= 14.9). Time found to significantly affected the outcome of LDL-
cholesterol (p< 0.001), resulting to significant differences between the study groups at the 30 days 
interval (group x time interaction: p= 0.03). Group did not found to impact the levels of LDL-choles-
terol (p= 0.75) (Figure 2d).  

Moreover, the concentration of triglycerides did not differ between the study groups (group 
effect: p=0.49) throughout the 30 days (time effect: p= 0.41), but a significant group x time interaction 
(p=0.03) was detected. The control sauce induced significant (p= 0.02, MD= 14.72) increase on the 
average triglycerides value, while the habitual consumption of the bio-functional miso-type sauce, 
led to slightly reduced (p= 0.47, MD= -5.8) triglycerides levels (Figure 2e).   

3.2.3. Serum Glucose 
The time curve of glucose obtained after the consumption of both control and biofunctional 

miso-type sauce was significantly different (time effect: p=0.04), however repeated measures did not 
observe significant differences between groups (group effect: p= 0.08), while no significant group x 
time interaction was found (p= 0.39). Data shown that the bio functional miso-type sauce induced 
17.01% greater increase of glucose concentration (p= 0.03, MD= 28.7), compared to the control group 
changes (p= 0.005, MD= 12.5) (Figure 2b).  

3.2.4. Serum Uric Acid 
According to the two-factor Anova, non significant group x time interaction was found for se-

rum uric acid (p= 0.47). Uric acid was not significantly different among the interventional groups 
(group effect: p=0.33), but significant change was detected in uric acid values from baseline to the 
endpoint (time effect: p= 0.001). In the control group the mean uric acid significantly increased (p= 
0.005, MD= 0.71), while similar but non significant outcome was found in the miso group (p= 0.16, 
MD= 0.50) (Figure 2f).    

4. Discussion 
Maintaining cardiovascular and metabolic health is related to many dietary and lifestyle factors, 

including maintenance of healthy lipidemic and glycemic profile, as well as the oxidative balance 
[13]. Lifestyle options, such as the inclusion of traditionally fermented soy products, have been sug-
gested as practical tools to address these oxidative and inflammatory issues, related to chronic dis-
eases [4]. In this context, miso intake has been inversely associated with cardiovascular risk in women 
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[14], while daily miso consumption for 9 months has been demonstrated to improve the profile of 
cholesterolemia [10].  

Furthermore, implementing sustainable practices to enhance such foods may provide additional 
health benefits. Fruit by-product extracts appear to enhance the antioxidant profile of fermented 
foods, leading to a synergistic activity [15, 16]. Our previous clinical study, investigating the acute 
effect of a miso-type sauce, enhanced with a carotenoid-rich extract from fruit by-products, in meta-
bolic biomarkers [8]. The findings were highlighted by the postprandial improvement of total plasma 
antioxidant capacity, serum lipidemic profile (triglycerides, LDL-cholesterol) and platelet aggrega-
tion, in healthy humans, after following a high fat- and carbohydrates-meal with the novel miso-type 
sauce [8].  

This pilot nutritional intervention-clinical study investigated the effect of the habitual consump-
tion of the innovative bio functional miso-type sauce, enhanced with bio-carotenoids, on inflamma-
tory and oxidative stress biomarkers. The nutritional intervention shown that the daily consumption 
of the bio-functional miso-type sauce for 30 days, in the context of the usual diet, led to increased 
plasma total antioxidant capacity among healthy participants, compared with the adverse effects ob-
served after the control sauce consumption. This finding is fully consistent with those of acute dietary 
intervention [8]. Although postprandial metabolism appears to be directly affected by the presence 
of antioxidant components in the context of a high-fat, high-carbohydrate meal, it is likely that this 
effect is maintained during long-term intake. The role of miso as a free-radical scavenger is mainly 
related to the improvement of the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging ability, 
as confirmed by Hashimoto and colleagues [17]. There is evidence that habitual miso soup consump-
tion may reduce Renin-Angiotensin System (RAS) activation and oxidative stress, which are related 
with the pathogenesis of hypertension [18]. However, there are no clinical studies exploring the exact 
effect of daily miso intake on parameters of oxidative damage. 

The demonstrated findings may be attributed to the antioxidant activity of isoflavones, pre-
sented in the bio-functional, fermented sauce. Evidence supports that biotransformation with micro-
organisms, including Aspergillus sp., may improve β-glucosidase activity, increasing the isoflavone 
aglycone content [19] . The potent antioxidant activity of isoflavones has been noted to be exerted in 
both lipophilic and aqueous phases. It is noteworthy that the bioavailability of isoflavones in the form 
of aglycone, and by extension the degree of ROS reduction, is also dependent on the bioavailability 
of phytochemicals [20]. In vitro studies on similar fermented products, such as tempeh, indicate that 
during prolonged fermentation process, Aspergillus oryzae may exert proteolytic activity, leading to 
the production of bioactive peptides and amino acids, which are also bioavailable and may enhance 
the overall antioxidant activity of the product [20]. Furthermore, there are indications that this bio-
process may release antioxidant compounds derived from fruit by-product extracts, such as polyphe-
nols and carotenoids, and enhance their biological activity [16]. 

Numerous observational studies indicate that increased concentrations of circulating carote-
noids are negatively associated with markers of oxidative stress. The main mechanism describing the 
effect of carotenoids on oxidative markers is through inhibition of lipid and singlet oxygen peroxida-
tion [21]. It seems that bio-carotenoids, which were used for miso-type sauce enhancement, are likely 
bioavailable, exerting a synergistic effect on the overall antioxidant effect. Based on these data, this 
pilot nutritional intervention should further highlight the effectiveness of fruit by-products valoriza-
tion, as a sustainable strategy for the enhancement of functional foods with valuable bio-carotenoids, 
to address public health concern on oxidative stress and inflammation indicators [22]. 

Moreover, the results suggest beneficial impact of the daily consumption of the novel, miso-type 
sauce, enhanced with bio-carotenoids from fruit by-products on the lipidemic profile of the partici-
pants. Specifically, the experimental miso-type sauce induced a reduction in triglycerides levels, com-
pared to the opposite effect, obtained after habitual consumption of the control sauce. This finding is 
in line with the results obtained by the previous, acute clinical study. Additionally, both sauces in-
creased the concentrations of LDL-cholesterol at the endpoint, but following the miso group these 
values were slightly lower than following the control group. Consistent with the previous data, de-
rived from the clinical intervention on postprandial metabolic effects, it seems that the consumption 
of 20g bio-functional miso-type sauce/day, followed-up over 1 month, confirms the hypolipidemic 
effect which was found at the acute level [8].  

Similar biological impacts have been mentioned in clinical research, investigating the influence 
of such fermented foods on cholesterolemia biomarkers. Santacroce et al. has been evaluated that 
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Jang intake (a korean fermented soybean paste) in a dose response ≥1.9 g/day, is inversely associated 
with parameters of Metabolic Syndrome, including hypo- HDL-cholesterolemia, after adjusting for 
covariates including sodium intake [23]. In a 12-week human intervention, the habitual intake of ko-
chujang, an Aspergillus oryzae-fermented red pepper paste, has been demonstrated to effectively re-
duce the LDL- and total cholesterol levels, in hypercholesterolemic participants [24]. The role of iso-
flavones in lipid metabolism has also been studied. The scientific community supports that the pres-
ence of genistein may affect thermogenesis and lipid accumulation, leading to reduced production of 
LDL-lipids, triglycerides and free fatty acids [19].  

Bioactive peptides isolated from chickpeas, as a raw material in the test sauces, have been stated 
to significantly reduce serum total cholesterol, triglycerides, and low-density lipoprotein (LDL) cho-
lesterol levels, in the context of a high-fat diet [25, 26]. In addition to isoflavones, the increased content 
of proteins and peptides in the bio-functional, miso-type sauce, may synergistically exert higher bio-
activity, contributing to the demonstrated lipid-lowering effect [2]. Notably, recent reports indicate 
that Monacolin K, a secondary metabolite produced by Aspergillus species, may attenuate cholesterol 
biosynthesis by inhibiting the activity of the enzyme 3-hydroxy-2 methylglutaryl coenzyme A reduc-
tase (HMG-CoA reductase). Through this mechanism, it may contribute to lipid profile improvement 
[27].  

Additionally, the results from the present study revealed no differences in total cholesterol levels 
between the two trial groups, in this time frame. Limited clinical trials have currently investigated 
the effectiveness of habitual miso intake over longer periods, on biomarkers of lipemia. There is evi-
dence that the intake of 50 g of miso soup/day (45 mg of conjugated isoflavones) for 9 months, may 
reduce total cholesterol concentrations in vegetarian premenopausal women [10]. However, in this 
pilot intervention the degree of increase in HDL-cholesterol was observed to be significantly milder 
in the miso group, compared to the percentage increase that occurred in the control group. It could 
be argued that HDL-cholesterol as a single biomarker can be altered by specific dietary factors and 
lifestyle parameters. Studies suggest that both increasing olive oil and nut intake, and physical activ-
ity may lead to improved HDL-cholesterol levels [28], but data are limited on the effect of such func-
tional food as the novel miso-type sauce on these concentrations. Based on recent documentations, 
the triglycerides/HDL-cholesterol ratio have been reported as a remarkable indicator of insulin re-
sistance. In fact, Takahashi et al. did not detect any association between habitual miso soup intake 
and this marker [29], mentioning the miso type as a variability parameter, when assessing its impact 
[29].  

Miso consumption seems to be a good lifestyle strategy for glycemic control improvement in 
diabetic individuals, while cross-sectional studies show that its inclusion in the usual diet may reduce 
insulin resistance in non-diabetics, as well as cases of gestational diabetes [30]. Contrary to these data, 
our results demonstrated slightly higher glucose concentrations in the miso group, compared to the 
respective levels measured in the control group, since these results did not affect the glucose interac-
tive effect during the 30-days of intervention. This contrast is reinforced by the existing research re-
sults, which indicate that some bioactive peptides produced during the fermentation process of chick-
peas, may exert antidiabetic activity [26]. Recent studies have demonstrated that various types of 
miso may be effective functional foods for the prevention of diabetes. This fermented product may 
act as a regulator of blood sugar levels through inhibition of digestive enzymes, mainly α-amylase, 
α-glucosidase and trypsin [31]. Notably, the research group of Jiang et al. evaluated the α-glucosidase 
inhibitory activity of rice miso at different fermentation times and found that prolonging the fermen-
tation bioprocess enhanced this activity, mainly due to the presence of melanoidins and polyphenols 
[32].  

In addition, under the presence of isoflavones and bioactive peptides the insulin secretion and 
sensitivity may be enhanced, contributing to the regulation of blood glucose levels [5]. Chickpea fer-
mentation has been documented to reduce chymotrypsin and trypsin activity and the concentration 
of phytates, leading to slower carbohydrate absorption and promoting better glycemic control [25]. 
Combining the existing research observations, it would be expected to observe an improved glycemic 
outcome following the consumption of the bio functional miso-type sauce, compared to the control 
sauce. Several lifestyle, dietary and biochemical factors and anti-nutrients (e.g. hemoglobin A1c lev-
els, dietary intake, exercise habits, and phytates content) might highlight the possible complex role 
of the experimental miso-type sauce in glycemic control [29].  
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This pilot clinical study shows the associations between habitual intake of a bio functional miso-
type sauce, enhanced with bio-carotenoids and markers of oxidative stress and inflammation, but 
several limitations should be acknowledged. Firstly, it was designed as a long-term nutritional inter-
vention to examine the effects of the habitual consumption of the bio functional miso-type sauce, 
enhanced with bio-carotenoid on lipidemia, glycemia and antioxidant status, metabolic indicators 
within a period of 30 days. However, the study protocol did not include intermediate measurements 
of the biomarkers tested for more accurate investigation of the metabolic outcomes. Secondly, the 
trial population consisted of a small number of healthy participants; therefore, it is unclear whether 
the results reflect the efficacy to individuals who suffer from chronic diseases associated with oxida-
tive stress and chronic inflammation, such as diabetic and cardiovascular patients. In addition, de-
spite extensive guidelines the lifestyle factors were not controlled in this trial protocol, so there is a 
possibility that part of the observed results might be related to healthy lifestyle habits during the 
study period. Also, data management did not include adjustment of other dietary variables. There-
fore, the results of the clinical study may not include the metabolic responses associated with these 
confounding parameters, limiting the generalizability of the findings. Further analysis should exam-
ine the effect of the adjustment on the association between the bio functional miso-type sauce con-
sumption and the biochemical biomarkers. 

 Concerning future perspectives, further investigation of the impact of habitual intake of the bio 
functional miso-type sauce enhanced with bio-carotenoids, in dose response manner, could be sug-
gested to explore the exact dose in which the bioactive compounds are bioavailable and effective in 
altering metabolic parameters. Moreover, possible association between habitual bio functional miso-
type sauce consumption and specific oxidative stress-inflammation could yield valuable insights. The 
measurement of insulin and hemoglobin A1C (HbA1C) might provide better estimation regarding 
the glycemic control outcomes. Additionally, the evaluation of triglycerides to HDL cholesterol ratio 
may facilitate a more in-depth investigation of the effectiveness on insulin resistance [29]. Finally, 
due to the crucial role of proinflammatory cytokines in the up-regulation of inflammatory reactions, 
the determination of inflammatory biomarkers including Interleukin (IL)-6, IL-18, tumor necrosis fac-
tor alpha (TNF-α), and the inflammatory high sensitivity C-reactive protein (CRP), is needed to en-
hance the understanding of the modulatory effects on inflammation status.  

5. Conclusions 
The results presented in this first long-term, pilot clinical study-nutritional intervention indicate 

that the bio-functional miso-type sauce, enhanced with bio-carotenoids, may have a promising bio-
logical activity towards improvement of plasma total antioxidant capacity and biomarkers of lipid 
metabolism, especially triglycerides, among healthy participants. It may be suggested that the habit-
ual consumption of the innovative miso-type sauce, would have a preventive role for chronic meta-
bolic diseases, associated with oxidative stress and inflammation, aligning with previous acute clini-
cal study results. The findings encourage further research, particularly large-scale clinical trials, to 
substantiate the underlying mechanisms and efficacy of daily consumption of the bio functional 
miso-type sauce, enhanced with bio-carotenoids, in addressing metabolic, oxidative stress and in-
flammatory parameters, especially in populations with chronic dysmetabolism conditions.  

Author Contributions: Conceptualization, Charalampia Dimou and Antonios E. Koutelidakis; Data curation, 
Charalampia Dimou; Formal analysis, Olga I. Papagianni; Funding acquisition, Charalampia Dimou; Investiga-
tion, Olga I. Papagianni; Methodology, Olga I. Papagianni and Antonios E. Koutelidakis; Project administration, 
Charalampia Dimou and Antonios E. Koutelidakis; Resources, Olga I. Papagianni; Software, Olga I. Papagianni; 
Supervision, Antonios E. Koutelidakis; Validation, Olga I. Papagianni; Visualization, Charalampia Dimou and 
Antonios E. Koutelidakis; Writing – original draft, Olga I. Papagianni; Writing – review & editing, Charalampia 
Dimou and Antonios E. Koutelidakis.All authors have read and agreed to the published version of the manu-
script. 

Funding: This work was supported by the General Secretariat for Research and Technology (GSRT) and Hellenic 
Foundation for Research and Innovation (HFRI) under grant agreement No. 2342 (2018-2020), Greece. 

. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2025 doi:10.20944/preprints202504.2255.v1

https://doi.org/10.20944/preprints202504.2255.v1


11 of 13 

Institutional Review Board Statement: The study was conducted according to the guidelines of the Declaration 
of Helsinki and approved by the Ethics Committee of University of the Aegean [no 10/30.09.2021]. 

Informed Consent Statement: All participants provided informed consent prior to their involvement in this 
study. Consent has also been obtained from the volunteers for the publication of this paper. 

Data Availability Statement: The data presented in this study are available upon request from the correspond-
ing author. 

Acknowledgments: The authors extend their gratitude to all individuals who participated in this study. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Yang, X.; Nakamoto, M.; Shuto, E.; Hata, A.; Aki, N.; Shikama, Y.; Bando, Y.; Ichihara, T.; Minamigawa, T.; 
Kuwamura, Y.; et al. INTRODUCTION Associations between Intake of Dietary Fermented Soy Food and Concentrations 
of Inflammatory Markers : A Cross-Sectional Study in Japanese Workers; 2018; Vol. 65. 

2. do Prado, F. G.; Pagnoncelli, M. G. B.; de Melo Pereira, G. V.; Karp, S. G.; Soccol, C. R. Fermented Soy Products 
and Their Potential Health Benefits: A Review. Microorganisms. MDPI August 1, 2022. 
https://doi.org/10.3390/microorganisms10081606. 

3. Khayatan, D.; Nouri, K.; Momtaz, S.; Roufogalis, B. D.; Alidadi, M.; Jamialahmadi, T.; Abdolghaffari, A. H.; 
Sahebkar, A. Plant-Derived Fermented Products: An Interesting Concept for Human Health. Current 
Developments in Nutrition. Elsevier B.V. May 1, 2024. https://doi.org/10.1016/j.cdnut.2024.102162. 

4. Dwivedi, S.; Singh, V.; Sharma, K.; Sliti, A.; Baunthiyal, M.; Shin, J. H. Significance of Soy-Based Fermented Food 
and Their Bioactive Compounds Against Obesity, Diabetes, and Cardiovascular Diseases. Plant Foods for Human 
Nutrition. Springer March 1, 2024, pp 1–11. https://doi.org/10.1007/s11130-023-01130-1. 

5. Laya, A.; Wangso, H.; Fernandes, I.; Djakba, R.; Oliveira, J.; Carvalho, E. Bioactive Ingredients in Traditional 
Fermented Food Condiments: Emerging Products for Prevention and Treatment of Obesity and Type 2 Diabetes. 
Journal of Food Quality. Hindawi Limited 2023. https://doi.org/10.1155/2023/5236509. 

6. Leonard, W.; Zhang, P.; Ying, D.; Adhikari, B.; Fang, Z. Fermentation Transforms the Phenolic Profiles and 
Bioactivities of Plant-Based Foods. Biotechnology Advances. Elsevier Inc. July 1, 2021. 
https://doi.org/10.1016/j.biotechadv.2021.107763. 

7. Takahashi, F.; Hashimoto, Y.; Kaji, A.; Sakai, R.; Miki, A.; Okamura, T.; Kitagawa, N.; Okada, H.; Nakanishi, N.; 
Majima, S.; et al. Habitual Miso (Fermented Soybean Paste) Consumption Is Associated with Glycemic 
Variability in Patients with Type 2 Diabetes: A Cross-Sectional Study. Nutrients, 2021, 13 (5). 
https://doi.org/10.3390/nu13051488. 

8. Papagianni, O.; Delli, E.; Vasila, M.; Loukas, T.; Magkoutis, A.; Dimou, C.; Karantonis, H. C.; Koutelidakis, A. E. 
The Acute Effect of a Novel Miso-Type Sauce , Enhanced with a Carotenoid-Rich Extract from Fruit By-Products 
, on Postprandial Biomarkers of Oxidative Stress and Inflammation. 2022, 1–15. 

9. Ikeda, K.; Sato, T.; Nakayama, T.; Tanaka, D.; Nagashima, K.; Mano, F.; Joo, E.; Fujimoto, S.; Takahashi, Y.; 
Kosugi, S.; et al. Dietary Habits Associated with Reduced Insulin Resistance: The Nagahama Study. Diabetes Res 
Clin Pract, 2018, 141, 26–34. https://doi.org/10.1016/j.diabres.2018.04.006. 

10. Saeed, F.; Afzaal, M.; Shah, Y. A.; Khan, M. H.; Hussain, M.; Ikram, A.; Ateeq, H.; Noman, M.; Saewan, S. A.; 
Khashroum, A. O. Miso: A Traditional Nutritious & Health-Endorsing Fermented Product. Food Science and 
Nutrition. John Wiley and Sons Inc December 1, 2022, pp 4103–4111. https://doi.org/10.1002/fsn3.3029. 

11. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving Human 
Subjects. JAMA. American Medical Association November 27, 2013, pp 2191–2194. 
https://doi.org/10.1001/jama.2013.281053. 

12. Chusak, C.; Pasukamonset, P.; Chantarasinlapin, P.; Adisakwattana, S. Postprandial Glycemia, Insulinemia, and 
Antioxidant Status in Healthy Subjects after Ingestion of Bread Made from Anthocyanin-Rich Riceberry Rice. 
Nutrients, 2020, 12 (3). https://doi.org/10.3390/nu12030782. 

13. Jensen, G. S.; Beaman, J. L.; He, Y.; Guo, Z.; Sun, H. Reduction of Body Fat and Improved Lipid Profile Associated 
with Daily Consumption of a Puer Tea Extract in a Hyperlipidemic Population: A Randomized Placebo-
Controlled Trial. Clin Interv Aging, 2016, 11, 367–376. https://doi.org/10.2147/CIA.S94881. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2025 doi:10.20944/preprints202504.2255.v1

https://doi.org/10.20944/preprints202504.2255.v1


12 of 13 

14. Nozue, M.; Shimazu, T.; Charvat, H.; Mori, N.; Mutoh, M.; Sawada, N.; Iwasaki, M.; Yamaji, T.; Inoue, M.; 
Kokubo, Y.; et al. Fermented Soy Products Intake and Risk of Cardiovascular Disease and Total Cancer 
Incidence: The Japan Public Health Center-Based Prospective Study. Eur J Clin Nutr, 2021, 75 (6), 954–968. 
https://doi.org/10.1038/s41430-020-00732-1. 

15. Tlais, A. Z. A.; Fiorino, G. M.; Polo, A.; Filannino, P.; Cagno, R. Di. High-Value Compounds in Fruit, Vegetable 
and Cereal Byproducts: An Overview of Potential Sustainable Reuse and Exploitation. Molecules. MDPI AG July 
1, 2020. https://doi.org/10.3390/molecules25132987. 

16. Erskine, E.; Ozkan, G.; Lu, B.; Capanoglu, E. Effects of Fermentation Process on the Antioxidant Capacity of Fruit 
Byproducts. ACS Omega. American Chemical Society February 7, 2023, pp 4543–4553. 
https://doi.org/10.1021/acsomega.2c07602. 

17. Hashimoto, Y.; Hamaguchi, M.; Fukui, M. Fermented Soybean Foods and Diabetes. Journal of Diabetes 
Investigation. John Wiley and Sons Inc December 1, 2023, pp 1329–1340. https://doi.org/10.1111/jdi.14088. 

18. Ito, K. Review of the Health Benefits of Habitual Consumption of Miso Soup: Focus on the Effects on Sympathetic 
Nerve Activity, Blood Pressure, and Heart Rate. Environmental Health and Preventive Medicine. BioMed Central 
Ltd August 31, 2020. https://doi.org/10.1186/s12199-020-00883-4. 

19. Nurmilah, S.; Frediansyah, A.; Cahyana, Y.; Utama, G. L. Biotransformation and Health Potential of Isoflavones 
by Microorganisms in Indonesian Traditional Fermented Soy Products: A Review. Journal of Agriculture and Food 
Research. Elsevier B.V. December 1, 2024. https://doi.org/10.1016/j.jafr.2024.101365. 

20. Rizzo, G. Soy-Based Tempeh as a Functional Food: Evidence for Human Health and Future Perspective. Frontiers 
in Bioscience - Elite. IMR Press Limited 2024, pp 1–16. https://doi.org/10.31083/j.fbe1601003. 

21. Bohn, T. Carotenoids and Markers of Oxidative Stress in Human Observational Studies and Intervention Trials: 
Implications for Chronic Diseases. Antioxidants. MDPI June 1, 2019. https://doi.org/10.3390/antiox8060179. 

22. Enciso-Martínez, Y.; Zuñiga-Martínez, B. S.; Ayala-Zavala, J. F.; Domínguez-Avila, J. A.; González-Aguilar, G. 
A.; Viuda-Martos, M. Agro-Industrial By-Products of Plant Origin: Therapeutic Uses as Well as Antimicrobial 
and Antioxidant Activity. Biomolecules. Multidisciplinary Digital Publishing Institute (MDPI) July 1, 2024. 
https://doi.org/10.3390/biom14070762. 

23. Santacroce, L.; Bottalico, L.; Charitos, I. A.; Castellaneta, F.; Gaxhja, E.; Topi, S.; Palmirotta, R.; Jirillo, E. 
Exploitation of Natural By-Products for the Promotion of Healthy Outcomes in Humans: Special Focus on 
Antioxidant and Anti-Inflammatory Mechanisms and Modulation of the Gut Microbiota. Antioxidants. 
Multidisciplinary Digital Publishing Institute (MDPI) July 1, 2024. https://doi.org/10.3390/antiox13070796. 

24. Lim, J. H.; Jung, E. S.; Choi, E. K.; Jeong, D. Y.; Jo, S. W.; Jin, J. H.; Lee, J. M.; Park, B. H.; Chae, S. W. 
Supplementation with Aspergillus Oryzae-Fermented Kochujang Lowers Serum Cholesterol in Subjects with 
Hyperlipidemia. Clinical Nutrition, 2015, 34 (3), 383–387. https://doi.org/10.1016/j.clnu.2014.05.013. 

25. Patil, N. D.; Bains, A.; Sridhar, K.; Rashid, S.; Kaur, S.; Ali, N.; Chawla, P.; Sharma, M. Effect of Sustainable 
Pretreatments on the Nutritional and Functionality of Chickpea Protein: Implication for Innovative Food 
Product Development. Journal of Food Biochemistry. Wiley-Hindawi 2024. https://doi.org/10.1155/2024/5173736. 

26. Hong, L.; Fan, L.; Wu, J.; Yang, J.; Hou, D.; Yao, Y.; Zhou, S. Pulse Proteins and Their Hydrolysates: A 
Comprehensive Review of Their Beneficial Effects on Metabolic Syndrome and the Gut Microbiome. Nutrients. 
June 12, 2024. https://doi.org/10.3390/nu16121845. 

27. Khosravi, A.; Razavi, S. H. Therapeutic Effects of Polyphenols in Fermented Soybean and Black Soybean 
Products. Journal of Functional Foods. Elsevier Ltd June 1, 2021. https://doi.org/10.1016/j.jff.2021.104467. 

28. Alcover, S.; Ramos-Regalado, L.; Girón, G.; Muñoz-García, N.; Vilahur, G. HDL-Cholesterol and Triglycerides 
Dynamics: Essential Players in Metabolic Syndrome. Antioxidants, 2025, 14 (4), 434. 
https://doi.org/10.3390/antiox14040434. 

29. Takahashi, F.; Hashimoto, Y.; Kaji, A.; Sakai, R.; Miki, A.; Okamura, T.; Kitagawa, N.; Okada, H.; Nakanishi, N.; 
Majima, S.; et al. Habitual Miso (Fermented Soybean Paste) Consumption Is Associated with Glycemic 
Variability in Patients with Type 2 Diabetes: A Cross-Sectional Study. Nutrients, 2021, 13 (5). 
https://doi.org/10.3390/nu13051488. 

30. Hashimoto, Y.; Hamaguchi, M.; Fukui, M. Fermented Soybean Foods and Diabetes. Journal of Diabetes 
Investigation. John Wiley and Sons Inc December 1, 2023, pp 1329–1340. https://doi.org/10.1111/jdi.14088. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2025 doi:10.20944/preprints202504.2255.v1

https://doi.org/10.20944/preprints202504.2255.v1


13 of 13 

31. Yu, S.; Wang, W.; Li, S.; Li, J.; Zhao, R.; Liu, D.; Wu, J. Glucoregulatory Properties of Fermented Soybean 
Products. Fermentation. MDPI March 1, 2023. https://doi.org/10.3390/fermentation9030254. 

32. Jiang, C.; Ci, Z.; Kojima, M. α-Glucosidase Inhibitory Activity in Rice Miso Supplementary with Black Soybean. 
American Journal of Food Science and Technology, 2019, 7 (1), 27–30. https://doi.org/10.12691/ajfst-7-1-5. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2025 doi:10.20944/preprints202504.2255.v1

https://doi.org/10.20944/preprints202504.2255.v1

