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This study aimed to evaluate the impact of a synbiotic diet mousse containing Lactobacillus acidophilus La-5 and
the prebiotics inulin and fructooligosaccharides on anthropometric and blood pressure measurements, bio-
chemical, inflammatory, haematological, and immunological parameters of volunteers with metabolic syndrome
(MetS). In a randomized, double-blind, placebo-controlled trial, forty-five volunteers with MetS were assigned
into two groups, each receiving 40 g/day of: synbiotic diet mousse (SDM) (n = 23) and placebo diet mousse

(PDM) without pro- and prebiotics (n = 22). All the evaluated parameters were measured at the beginning and
after 8 weeks of intervention. The daily intake of SDM and PDM led to significant reductions of total cholesterol
and HDL-cholesterol, as well as of immunoglobulins (A and M), and interleukin-1f in both groups (p < .05).
These results suggest that the presence of the probiotic and prebiotic ingredients in the diet mousse did not show
any additional effects on the parameters evaluated in volunteers with MetS.

1. Introduction

The metabolic syndrome (MetS) has received a great deal of atten-
tion from the scientific community in recent years. This is largely in-
fluenced by the increase in the prevalence of MetS in the last two
decades especially in countries with increased calorie consumption and
decreased physical activities (Mazidi, Rezaie, Kengne, Mobarhan, &
Ferns, 2016). In general, MetS is a group of risk factors comprising
obesity (particularly abdominal obesity), insulin resistance, atherogenic
dyslipidaemia, and hypertension, which are associated with increased
risk of cardiovascular disease (CVD) and type 2 diabetes mellitus
(Grundy et al., 2005; Kakafika, Liberopoulos, Karagiannis, Athyros, &
Mikhailidis, 2006). Moreover, subjects with these features usually
present prothrombotic and proinflammatory states (Grundy et al.,
2005). Clinical and epidemiological studies have indicated that low-
grade inflammation may contribute to the development of metabolic
disorders associated with obesity (Cani & Hul, 2015). In this sense,
MetS is known to be a low grade systemic inflammatory condition

(Synetos et al., 2016).

It has been shown that an intestinal dysbiosis could also be asso-
ciated to MetS. In this context, a number of studies using animal models
and clinical trials have reported a relationship between the composition
of the intestinal microbiota and MetS risk factors, including obesity and
diabetes (Larsen et al., 2010; Ley et al., 2005; Tremaroli & Bickhed,
2012). In general, the composition of the microbiota of obese subjects
has been characterized by an increased Firmicutes/Bacteroidetes ratio
(Jonkers, 2016; Ley, Turnbaugh, Klein, & Gordon, 2006; Turnbaugh
et al., 2009). Nevertheless, according to Scavuzzi et al. (2015), there is
still no consensus as to the mechanisms relating intestinal microbiota
modifications and the potential metabolic changes. On the other hand,
these researchers reported that mechanisms possibly involve gut barrier
alterations and low-grade inflammation.

The pathogenesis of MetS may have several origins; however, diet
and lifestyle are considered important aspects that may influence the
susceptibility of humans to MetS (Kovatcheva-Datchary & Arora, 2013).
Thus, dietary approaches to manipulate the intestinal microbiota, in
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particular the use of probiotic microorganisms and/or prebiotic com-
pounds, have demonstrated health-improving effects on the host.
Therefore, these approaches were proposed for MetS management
(Bernini et al. 2016; Kovatcheva-Datchary & Arora, 2013; Scavuzzi
et al., 2015). It is noteworthy that studies evaluating the impact of
probiotics on obesity-related inflammation are limited and mainly
based on animal studies (de Moreno de LeBlanc & Perdigon, 2010;
Gobel, Larsen, Jakobsen, Mglgaard, & Michaelsen, 2012).

Some researchers reported beneficial effects of the consumption of
probiotic, prebiotic, and synbiotic products on parameters related to
MetS (Barreto et al., 2014; Bernini et al., 2016; Gobel et al., 2012).
Akkasheh et al. (2016) showed significant decreases in serum insulin
concentrations and the homoeostasis model of assessment of insulin
resistance (HOMA-IR) after the daily consumption of one probiotic
capsule containing Lactobacillus acidophilus YAB, Lactobacillus casei TDo,
and Bifidobacterium bifidum B12 during 8 weeks. Studies have also in-
vestigated the possible role of probiotic bacteria and prebiotic fibres on
different risk factors of MetS, such as the reduction of CVD risk (Al-
Sheraji et al., 2012; Ggbel et al., 2012). Along these lines, a meta-
analysis of randomized controlled trials conducted by Guo et al. (2011)
showed that the consumption of probiotics led to a decrease in the total
cholesterol and the LDL-C in individuals with high, borderline high, and
normal cholesterol levels.

Recently, inflammatory processes have also been considered as
biomarkers in clinical trials with MetS patients (Brito-Luna et al., 2016;
Karaman, Aydin, Geckinli, Cetinkaya, & Karaman, 2015; Panahi et al.,
2016). Barreto et al. (2014) observed that the consumption of fer-
mented milk containing Lactobacillus plantarum Lp 115 led to a sig-
nificant decrease in IL-6 levels in patients with MetS after 90 days of
study.

It is noteworthy that probiotic beneficial effects, as well as me-
chanisms of action, are considered as strain specific. In addition, it has
been suggested that different food matrices in which the probiotic
bacteria are incorporated may influence their functionality, and, con-
sequently, their potential health effects (Forssten, Sindelar, &
Ouwehand, 2011; Sanders & Marco, 2010). Besides, there are indica-
tions that synbiotic products may be more effective than either pro-
biotics or prebiotics alone (Sanders & Marco, 2010).

To the best of our knowledge, no study is available in the scientific
literature on the impact of a synbiotic diet dessert on subjects with
MetS. The aim of this study was therefore to assess the impact of a
synbiotic diet dessert (mousse) containing L. acidophilus La-5 and the
prebiotic ingredients inulin and fructooligosaccharides (FOS) on bio-
chemical (plasmatic glucose, TC, HDL-C, LDL-C, TG, and insulin), in-
flammatory (TNF-a, CD40, IL-1f3, IL-6, IL-8, IL-10, and IL-12), haema-
tological (erythrocytes, leukocytes, lymphocytes, erythrocytes,
neutrophils, eosinophils, monocytes, and haemoglobin), and im-
munological (IgA, IgE, IgG, and IgM) parameters of volunteers with
MetS.

2. Materials and methods
2.1. Production of synbiotic and placebo diet mousses

The diet desserts were produced under suitable hygiene and sani-
tation criteria at the Laboratory of Food Technology of the Department
of Biochemical and Pharmaceutical Technology of the School of
Pharmaceutical Sciences of the University of Sdo Paulo (SP, Brazil),
according to the method described by Buriti, Castro, and Saad (2010).
The ingredients employed in the production of the diet desserts and
their compositions are shown in Tables 1 and 2, respectively.

Diet desserts were packaged in polypropylene plastic pots for food
products (100 mL of capacity) (Tries Aditivos Plasticos, Sao Paulo,
Brazil) in portions of 40 g. The pots were sealed with metallic covers
with varnish in a sealer (Delgo Metalirgica, Cotia, Brazil). The products
were stored frozen (—18 °C) and delivered to each volunteer in plastic
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Table 1
Ingredients employed in the production of synbiotic diet mousse (SDM) and placebo diet
mousse (PDM).

Ingredients (g/100 g) SDM PDM
Skimmed milk’ 61.7 61.7
Skimmed milk powder* 4.0 14.0
Sucralose® 1.1 1.1
Pasteurized and frozen guava pulp* 20.0 20.0
Emulsifier/stabilizer” 2.8 2.8
FOS° 6.0 0.0
Inulin” 4.0 0.0
Lactic acid® 0.4 0.4
Lactobacillus acidophilus La-5° 0.05 0.0
Total 100.0 100.0

1 paulista (Danone, Guaratinguetd, SP, Brazil).

2 Molico (Nestlé, Aracatuba, SP, Brazil).

3 Sucralose (Linea Sucralose, Sao Paulo, SP, Brazil).

4 Icefruit Comércio de Alimentos (Icefruit Comércio de Alimentos, Tatui, SP, Brazil).
5 Cremodan Mousse 30 (Danisco, Cotia, SP, Brazil).

¢ Beneo P95 (Orafti, Oreye, Belgium).

7 Beneo HP (Orafti, Oreye, Belgium).

8 purac (Purac Sinteses, Rio de Janeiro, RJ, Brazil; 85 8/100 g food-grade solution).
9 Strain La-5 (Christian Hansen, Hoersholm, Denmark).

Table 2

Chemical composition, energy contribution of macronutrients, and total energy values
(TEV) of synbiotic diet mousse (SDM) and placebo diet mousse (PDM) in 100 g of whole
mousses (dry weight).

SDM PDM
Composition (g/100g)

Ash 0.90 (0.06)" 1.42 (0.17)*
Proteins 6.77 (0.37)® 8.55 (0.33)*
Simple carbohydrates 10.24 (0.97)® 17.53 (1.01)"
Fructans 9.63% 0.00%

Lipids 0.22 (0.05)* 0.12 (0.06)*
Moisture 72.24 (1.59)* 72.38 (1.84)*
Total 100.0 100.0

Energetic value (kJ/100 )

Proteins 113.30 (6.67) 143.09 (5.52)
Lipids 8.28 (2.07) 4.52 (2.26)
Simple carbohydrates 171.38 (31.07) 293.24 (16.90)
Fructans 60.46 0.00

TEV 353.42 (27.91) 440.85 (11.42)

Values are expressed as mean (standard deviation).
* Estimate based on information given by the supplier (Orafti) for the prebiotic in-
gredients (Beneo P95 and Beneo HP).

vials labelled with the date of manufacture and of expiration.
Microbiological analyses of the synbiotic product showed that the
average population of L. acidophilus La-5 ranged between 9.2 and 9.5
log CFU (colony-forming units) per daily serving portion (40 g) during
the experimental period. Therefore, the probiotic population was above
the minimum recommended level (6 log CFU/g) suggested for bene-
ficial health effects (Champagne, Ross, Saarela, Hansen, &
Charalampopoulos, 2011; Health Canada, 2009; Ministero della Salute,
2013). Coliforms, Escherichia coli, and yeasts and moulds were not de-
tected during the products’ storage period.

2.2. Participants

Sixty subjects with MetS, aged between 19 and 65, were recruited
(August 2014 up to June 2015) from the ambulatory of the University
Hospital (Sao Paulo, SP, Brazil). The present study was conducted ac-
cording to the guidelines laid down in the Declaration of Helsinki and
approved by the Ethical Committees involving humans of the School of
Pharmaceutical Sciences of the University of Sao Paulo (CAAE
30539214.6.0000.0067) and of the University Hospital (Protocol
Number 663.138). All subjects provided written consent form before
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participating in the study. The inclusion criteria were based on the MetS
diagnosis criteria, according to the National Cholesterol Education
Program, Adult Treatment Panel III (NCEP/ATP III) (Grundy et al.,
2005). The subjects were eligible for the study if they had at least three
of the five risk factors. The exclusion criteria were thyroid, renal, he-
patic, gastrointestinal or oncological disease and use of drugs (including
hormone replace therapy) that interfere with the lipids and/or gly-
caemic profile.

2.3. Study design

The present study was a randomized, double-blind, placebo-con-
trolled trial in which subjects with MetS were randomly divided into
two groups: group S (synbiotic group — individuals who consumed 40 g/
d of SDM; n = 23) and group P (placebo group - individuals who
consumed 40 g/d of PDM; n = 22). During the 8-week intervention
period, 15 participants withdrew from the study due to various personal
reasons; consequently, 45 individuals completed the study. The parti-
cipants were paired by age, gender, ethnicity, and consumption of an-
tihypertensive drugs (Simao et al., 2013). Throughout the study
(8 weeks), the subjects were encouraged to maintain their lives as they
normally would, with no change in their usual diets or physical activity.
However, the volunteers were instructed to avoid the consumption of
probiotic and prebiotic products during the 7 days that preceded the
beginning of the intervention (run-in).

2.4. Anthropometric, heart rate, and laboratory blood analysis

Fasting blood samples, anthropometric, heart rate, and blood pres-
sure measurements were collected at baseline (T0) and at the end of
week 8 (T8). Body mass index (kg/mz) was calculated as body weight
(kg) divided by height (m) squared. Waist circumference was de-
termined using a tape measure. After the subjects had been seated for
five minutes, three blood pressure measurements, obtained at one-
minute intervals, were recorded. The average of the last two measure-
ments was used. These clinical and anthropometric parameters were
measured according to Mill et al. (2013).

After fasting for 12 h, blood samples were drawn from the forearm
vein into Vacutainer tubes (Becton Dickinson, Rutherford, USA).
Samples were immediately centrifuged at 3000 rpm for 15 min at 4 °C
(Eppendoff, Hamburg, Germany), and the serum were collected and
stored at — 80 °C until the analysis. The plasmatic glucose levels and the
serum levels of TC, HDL-C, LDL-C, TG, IgA, IgE, IgG, and IgM were
assayed by an automated biochemical analyser (Labmax 240, Tokyo,
Japan), using specific enzyme kits (Labtest Diagnostics, Lagoa Santa,
Brazil). Plasma insulin level was determined by chemiluminescence
microparticle immunoassay (Architect, Abbott Laboratory, Abbott Park,
IL, USA). TNF-a, CD40, IL-1p3, IL-6, IL-8, IL-10, and IL-12 were eval-
uated using commercially available immunoassay kit #HCYTOMAG-
60K (Millipore, Billerica, USA) with a series of magnetic beads and the
MAGPIX system (Luminex, Austin, USA). Haematological parameters
were evaluated at the University Hospital Clinical Laboratory of the
University of Sao Paulo through an automated haematology analyser
(Sysmex-XT 2000i, Kobe, Japan), using routine analysis based on
electrical impedance (erythrocytes), flow cytometry (leukocytes, lym-
phocytes, erythrocytes, neutrophils, eosinophils, and monocytes) and
colorimetric (haemoglobin) methods.

2.5. Statistical analysis

The size of the sample was determined in order to achieve a sta-
tistically significant result for changes of the parameters evaluated at a
=10% level. The study was planned for obtaining an 80% statistic
power. The chi-squared test was used to evaluate the differences be-
tween synbiotic and placebo groups with respect to the gender, ethni-
city, consumption of antihypertensive drugs, and student-t test to age.
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Table 3
General characteristics of the participants of the placebo and synbiotic groups at the
beginning of the study.

Parameters GroupP (n=22) GroupS(n=23) P

Gender (M/F) (10/12) (13/10) 4578
Antihypertensive drugs (yes/no)  (6/16) (5/18) .6659
Non-Caucasian/Caucasian (11/11) (10/13) 6611
Age (years) 49.5 (39.5-59.5) 47.0 (41.0-53.0) 4674

Values are expressed as median (25-75%). Group P: Placebo group; Group S: Synbiotic
group. M/F: male/female.

The Mann-Whitney test was performed to compare differences among
parameters of groups at baseline and differences across treatment
groups (intergroup changes). The Wilcoxon matched pairs test was
performed to verify changes from baseline (intragroup changes). Data
were presented as median (25-75%), and the significance was declared
when the p-value was < .05. Statistical analyses were carried out using
the Statistica version 12.0 (Statsoft Inc, Tulsa, USA) and GraphPad
Prism version 3.0 (GraphPad Software Inc, La Jolla, USA) programs.

3. Results

In general, the two experimental groups were similar (Table 3) since
there were no significant differences between the synbiotic and the
placebo groups related to age, gender, ethnicity, and the consumption
of antihypertensive drugs at baseline (p > .05). Despite the known
influence on the lipid and the glucose metabolism, we could not request
the volunteers to interrupt taking the antihypertensive medication to
participate in our study, since this could compromise their health, as
also described in previous studies (Barreto et al., 2014; Bernini et al.,
2016). However, as there were no significant differences between the
synbiotic and the placebo groups also related to the consumption of
antihypertensive drugs (p > .05), we were able to keep these volun-
teers in the study.

During the period of daily diet mousse consumption (from TO to
T8), there were no significant differences for anthropometric and hae-
matological parameters, systolic and diastolic blood pressure levels,
heart rate, glucose, TG, LDL-C, TC/HDL-C and LDL-C/HDL-C ratios,
insulin, TNF-a, CD40, IL-8, IL-10, IL-12, and IgG (Tables 4-6) for both
groups. The exceptions were verified for haemoglobin (Hb) levels
(p = .0356), IgE (p = .0451), and IL-6 (p = .0396), since the placebo
group showed a decrease in these parameters after 8 weeks of the study
(Tables 5 and 6). In relation to the other parameters, there were sig-
nificant reductions in TC, HDL-C, IgA, IgM, and IL-1f for both groups
throughout the experimental period (Tables 4 and 6). Comparing the
median differences (T8 to TO) between the two groups, there was a
slight trend for a LDL-C decrease in group S (15.0 mg/dL; p = .0606),
compared to group P (2.5mg/dL; p = .1292). Nevertheless, regarding
inter-group changes, no significant differences were verified for all
parameters at baseline and after 8 weeks of diet dessert consumption
(p > .05).

4, Discussion

The present study evaluated the impact of a synbiotic diet mousse
containing L. acidophilus La-5 and the prebiotic ingredients inulin and
FOS on some biochemical, haematological, inflammatory, and im-
munological parameters of subjects with MetS through a randomized,
double-blind, and placebo-controlled trial. We did not find any effects
of the intervention with SDM on blood pressure, heart rate, anthropo-
metric, and various laboratory blood parameters (TG, LDL-C, TC/HDL,
insulin, glucose, TNF-a, CD40, IL-8, IL-10, IL-12, and IgG) assessed in
the present study. Similarly, Bernini et al. (2016) verified that the daily
ingestion of fermented milk containing Bifidobacterium animalis ssp.
lactis HNO19 by patients with MetS did not cause any significant
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Table 4

Anthropometric, blood pressure, and biochemical parameters at baseline (T0) and after

8 weeks (T8) of mousse consumption.

Parameters Groups TO T8 P
Weight (kg) P 87.8 (61.9-96.5) 88.1 (78.1-97.3) .6158
S 84.6 (59.9-99.3) 84.0 (72.2-100.5) .5392
BMI (kg/m?) P 33.9 (29.1-37.1) 33.9 (29.0-37.4) .5536
S 30.7 (28.0-33.4) 30.9 (28.6-33.1) .3764
WC (cm) P 101.9 (94.5-112.8) 103.0 (96.0-113.8) .8552
S 99.0 (91.5-112.2) 97.5 (91.0-109.5) 6671
SBP (mm Hg) P 130.0 (115.5-139.5)  127.0 (115.0-137.5) .9759
S 133.0 (127.0-142.0)  131.0 (127.0-142.0) .6089
DBP (mm Hg) P 81.5 (74.0-89.0) 80.0 (74.0-87.0) .3543
S 82.0 (73.0-91.0) 82.0 (77.0-89.0) 7779
Heart rate (bmp) P 77.0 (65.8-86.2) 76.0 (65.5-85.3) .6017
S 71.0 (66.0-78.0) 70.0 (66.0-76.0) .4885
Glucose (mg/dL) P 94.5 (89.0-99.0) 91.5 (79.0-96.0) .1469
S 95.0 (88.0-99.0) 95.0 (83.0-101.0) .2592
TG (mg/dL) P 127.0 (93.5-163.0) 120.0 (75.5-168.0) .5645
S 123.0 (89.0-159.0) 131.0 (102.0-194.0) .2511
TC (mg/dL) P 183.5 (149.5-211.5)  160.0 (133.0-209.5)  .0023
S 203.0 (194.0-229.0) 189.0 (168.0-206.0) .0064
LDL-C (mg/dL) P 109.0 (87.5-133.0) 106.5 (74.0-137.5) 1292
S 123.0 (103.0-137.0)  108.0 (103.0-118.0) .0606
HDL-C (mg/dL) P 46.0 (37.0-51.0) 43.0 (35.5-48.5) .0054
S 48.0 (38.0-60.0) 44.0 (38.0-51.0) .0050
TC/HDL-C P 4.0 (3.5-5.2) 4.1 (13.4-4.6) .0785
S 4.2 (4.0-5.1) 4.3 (3.7-4.9) 4702
LDL-C/HDL-C P 2.4 (2.2-3.0) 2.5 (2.1-2.7) 6321
S 2.5 (2.3-3.1) 2.6 (2.1-2.9) .8137
Insulin (nU/mL) P 12.3 (8.5-17.5) 11.9 (8.4-16.7) .7086
S 13.3 (8.7-18.4) 12.3 (9.1-16.2) .0830

Values are expressed as median (25-75%). Wilcoxon matched pairs test was performed to
verify changes from the baseline (intragroup changes). Mann-Whitney was performed to
compare differences at baselines and across treatments groups (intergroup changes). The
differences were significant for p < .05 and p < .01. No differences between groups
were found. BMI: body mass index; WC: waist circumference; SBP: systolic blood pres-
sure; DBP: diastolic blood pressure; TG: triglycerides; TC: total cholesterol; LDL-C: low-
density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TC/HDL-C:
total cholesterol to HDL-cholesterol ratio; LDL-C/HDL-C: LDL-cholesterol to HDL-cho-
lesterol ratio; IgA: immunoglobulin A; IgM: immunoglobulin M. Group P: individuals who
consumed the placebo product (n = 22); Group S: individuals who consumed the syn-
biotic diet mousse (n = 23). TO: baseline; T8: 8 weeks of daily consumption of diet des-
serts.

changes in blood pressure, glucose, WC, TG, HDL-C, insulin, and
HOMA-IR. Nevertheless, the authors showed a significant reduction in
BMI, TC, and LDL-C in the probiotic group compared to the baseline
and the control group values.

On the other hand, in our study a significant reduction of TC and
HDL-C levels was observed for both groups after 8 weeks of interven-
tion. It is noteworthy that the TC decrease was higher in the placebo
group compared to the synbiotic group (a reduction of 23.5 and of
14.0 mg/dL, respectively). A possible explanation for this result may be
related to the differences found in the food matrix of the PDM and the
SDM. The first product presented 14.0% of skimmed milk powder (non-
fat solids source), while the SDM had only 4.0% (Table 1).

In this sense, during the intervention period of 8 weeks, the placebo
and the synbiotic groups ingested, respectively, 0.14 and 0.04 g/day of
skimmed milk powder. Some evidence suggests a possible interaction of
the dietary calcium with fatty acids through the formation of chelates
during the process of lipids digestion, resulting in a reduction of the
absorption of some fatty acids by the precipitation and excretion of the
salts formed in faeces (Cominetti, Marreiro, & Cozzolino, 2012; Jolma
et al.,, 2003; Vaskonen, Mervaala, Sumuvuori, Seppinen-Laakso, &
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Karppanen, 2002). Thus, the highest content of calcium in PDM com-
pared to SDM might have had a greater influence on the lipid profile of
volunteers. Indeed, Barreto et al. (2014) attributed the reduction of
cholesterol levels in the placebo group after 90 days of intervention
with unfermented milk (not containing probiotic and prebiotic) to
calcium and magnesium.

Although the LDL-C reduction was not statistically significant, there
was a higher tendency (p = .0606) of reduction of this parameter in the
group S (around 12%) when compared to group P (around 2%). Several
hypotheses have been proposed to explain the potential cholesterol-
lowering effects of probiotics and/or prebiotics including the produc-
tion of short chain fatty acids resulting from fermentation of prebiotics,
incorporation of the cholesterol molecule by the cell membrane, dis-
sociation of bile salts by the action of bile salt hydrolases, and con-
version of cholesterol into coprostanol by desconjugated bile (Ishimwe,
Daliri, Lee, Fang, & Du, 2015).

It is important to point out that the findings of different studies on
probiotic and prebiotic hypocholesterolemic effect are still con-
troversial. For instance, studies developed by Ahn et al. (2015) and
Jung et al. (2015) did not show any effect of probiotic strains L. curvatus
HY7601 and L. plantarum KY1032 on TC, HDL-C, and LDL-C levels of
subjects with triglyceridemia (without diabetes) and overweight, re-
spectively. However, a meta-analysis of randomized controlled trials
revealed that the consumption of probiotics has positive health effects
on TC and LDL-C in volunteers with high, borderline high, and normal
cholesterol levels (Guo et al., 2011).

Regarding the haematological parameters, we observed a significant
reduction (p < .05) in the Hb level only in the placebo group after
8 weeks of study. However, no significant difference was observed be-
tween the groups at the end of the intervention period. Studies suggest
a relationship between Hb levels and the risk of developing MetS
(Chuang et al., 2016; Hu, Kuo, & Wu, 2016). It is important to em-
phasize that hypertrophy and hyperplasia are characteristic features of
obesity and lead to a reduction in the blood supply to adipocytes, due to
the adipocytes enlargement. This reduction causes a tissue hypoxia,
leading to metabolic changes, besides stimulating erythropoietin pro-
duction and Hb synthesis (Chuang et al., 2016). In this sense, the Hb
levels may be correlated to MetS and used to predict this syndrome in
subjects (Chuang et al., 2016). Past studies showed that among various
CVD risk factors associated with Hb levels are white blood cell counts,
cigarette smoking, diastolic blood pressure, and serum albumin
(Shimakawa & Bild, 1993).

Regarding proinflammatory cytokines, the present study showed
that PDM as well as SDM consumption led to a reduction in IL-1f after
8 weeks. On the other hand, a significant decrease in the IL-6 levels was
found only in the placebo group. Nevertheless, there were no significant
differences between the experimental groups after 8 weeks of inter-
vention. Further studies are necessary to investigate the role of each
mousse ingredient on the inflammatory parameters of MetS subjects.
However, it is noteworthy that lactic acid bacteria, including probiotic
strains, differ in their immunomodulatory properties regarding their
differences in their cytokine profile and regulatory T cell responses
(Ashraf, Vasiljevic, Day, Smith, & Donkor, 2014).

Studies have suggested a great potential for immune and in-
flammatory response associated with daily supplementation with lac-
tobacilli strains (Akoglu, Loytved, Nuiding, Zeuzem, & Faust, 2015;
Matsusaki et al., 2016; Stofilova et al., 2015). Nevertheless, a double-
blind, randomized, placebo-controlled trial conducted by Tonucci,
Santos, Oliveira, Ribeiro, and Martino (2017) showed that the intake of
fermented goat milk containing L. acidophilus La-5 and Bifidobacterium
animalis Bb-12 did not influence the IL-6 levels in subjects with type 2
diabetes mellitus after 6 weeks of intervention.

Additionally, an immunostimulatory effect of the bioactive peptides
resulting from the digestive process of milk proteins was suggested by
Solieri, Rutella, and Tagliazucchi (2015), since milk proteins, particu-
larly casein, are precursors of biologically active peptides. Besides,
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Table 5

Haematological parameters at baseline (T0) and after 8 weeks (T8) of mousse consumption.
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Parameters Groups TO T8 P
Haemoglobin (g/dL) p 14.5 (13.1-15.3) 13.9 (13.0-15.1) .0356
S 14.6 (13.3-15.6) 14.7 (13.2-15.7) .8771
Leukocytes (mm®) P 7160.0 (6025.0-9275.0) 7060.0 (5910.0-9875.0) .6083
S 6960.0 (5730.0-7570.0) 6830.0 (6270.0-7970.0) .3989
Lymphocytes (mm®) P 2124.0 (1960.0-2511.0) 2148.0 (1775.0-2598.0) .9935
S 2241.0 (1869.0-2760.0) 2351.0 (1871.0-2871.0) .0528
Erytrocytes (mm®) P 5.02 x 10° (4.59 x 10°-5.38 x 10°) 4,98 x 10° (4.41 x 10°-5.31 x 10°) .2392
S 4,93 x 10° (4.70 x 10°-5.29 x 10°) 5.08 x 10° (4.75 x 10°-5.34 x 10°) 4479
Neutrophils (mm®) P 4429 (3087-5652) 4176 (3209-5990) 7640
S 3783 (2854-4413) 3953 (2700-4655) .5894
Eosinophils (mm?®) P 190.0 (120.5-255.5) 194.0 (137.5-294.5) .1605
S 160.0 (100.0-314.0) 162.0 (120.0-277.0) .9454
Monocytes (mm?) p 549.5 (446.0-679.9) 531.5 (469.0-642.0) .7029
S 592.0 (500.0-709.0) 577.0 (542.0-700.0) 7553

Values are expressed as median (25-75%). Wilcox matched pairs test was performed to verify changes from baseline (intragroup changes). Mann-Whitney was performed to compare
differences at baselines and across treatments groups (intergroup changes). The differences were significant forp < .05 and p < .01. No differences between groups were found. Group
P: individuals who consumed the placebo product (n = 22); Group S: individuals who consumed the synbiotic diet mousse (n = 23). TO: baseline; T8: 8 weeks of daily consumption of diet

desserts.

Table 6

Inflammatory parameters and antibodies at baseline (T0) and after 8 weeks (T8) of

mousse consumption.

Parameters Groups TO T8 P
IL-10 (pg/mL) P 1.9 (1.9-1.9) 0.1 (0.0-6.5) .1680
S 1.9 (1.9-4.9) 0.7 (0.1-2.1) .2783
IL-12 (pg/mL) P 0.3 (0.30-108.9) 0.0 (0.0-27.2) .2035
S 0.3 (0.30-108.9) 0.0 (0.0-27.2) .2035
CD40 (pg/mL) P 6210 (1890-12,100) 2690 (2220-26,200)  .9645
S 4540 (3525-11,450) 2690 (2280-6060) 1677
IL-1B (pg/mL) P 2.8 (2.9-7.6) 1.1 (0.5-2.1) .0137
S 2.8 (2.9-2.9) 1.5 (0.8-2.3) .0360
IL-6 (pg/mL) P 1.9 (1.9-1.9) 0.00 (0.0-0.0) .0396
S 1.9 (1.9-1.9) 0.00 (0.0-1.2) 1274
1L-8 (pg/mL) P 15.3 (7.0-20.9) 15.6 (6.5-18.6) .5195
S 22.1 (16.3-47.2) 18.6 (16.2-24.0) .2163
TNF-a (pg/mL) P 29.2 (22.8-44.8) 29.3 (27.1-37.6) .5195
S 30.6 (23.1-37.4) 34.0 (29.3-45.2) .3757
IgA (mg/dL) P 201.5 (145.0-249.0)  149.5 (126.5-214.0)  .0001
S 186.0 (136.0-292.0)  183.0 (116.0-267.0)  .0410
IgE (UI/mL) P 71.5 (25.6-169.9) 67.2 (32.6-232.5) .0451
S 65.9 (27.15-354.5) 75.5 (25.0-319.4) .4505
IgG (mg/dL) P 1142.0 1012.0 .0841
(949.5-1329.0) (787.5-1286.0)
S 1128.0 1073.0 2512
(957.0-1222.0) (985.0-1208.0)
IgM (mg/dL) P 53.0 (42.5-97.5) 36.0 (14.0-80.0) .0028
S 61.9 (38.0-101.5) 41.0 (19.5-79.5) .0003

Values are expressed as median (25-75%). Wilcox matched pairs test was performed to
verify changes from baseline (intragroup changes). Mann-Whitney was performed to
compare differences at baselines and across treatments groups (intergroup changes). The
differences were significant for p < .05 and p < .01. No differences between groups
were found. IL-10: interleukin 10; IL-12: interleukin 12; CD40: cluster of differentiation
40; IL-1p: interleukin 1f; IL-6: interleukin 6; IL-8: interleukin 8; TNF-a: tumor necrosis
factor alpha; IgA: immunoglobulin A; IgE: immunoglobulin E; IgG: immunoglobulin G;
IgM: immunoglobulin M. Group P: individuals who consumed the placebo product
(n = 22); Group S: individuals who consumed the synbiotic diet mousse (n = 23). TO:
baseline; T8: 8 weeks of daily consumption of diet desserts.

these researchers reported that bioactive peptides can be released from
milk proteins by gastrointestinal digestion or by enzymatic hydrolysis
during food processing and fermentation. Moreover, they may exert
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several beneficial properties, including the fact that immunomodula-
tion, and immunomodulatory peptides can increase immune cell func-
tions, such as lymphocyte proliferation, natural killer cell activity, an-
tibody synthesis, and cytokine regulation (Singh, Vij, & Hati, 2014). In
this context, the effect of the diet mousses studied, in particular the
placebo product, on the reduction of the IL-1(3 and IL-6 levels might be
related to an increased formation of bioactive peptides in the products.
As mentioned before, the amount of milk proteins in the placebo pro-
duct was higher compared to the synbiotic product. Bioactive peptides
may inhibit inflammatory biomarkers such as IL-1f, cyclooxygenase-2,
and TNF-a mRNA expression (Ma, Liu, Shi, & Yu, 2016).

Regarding the immunoglobulins, we observed a significant reduc-
tion in IgM and IgA levels for both experimental groups studied.
According to Gonzalez-Quintela et al. (2008), high levels of IgA may
represent an important immunological marker for the prevalence of
obesity and MetS. In addition, these researchers reported an association
between serum levels of IL-6 and IgA between people with this profile
of metabolic abnormalities. In the present study, IL-6 and IgA levels
showed a significant reduction (p < .05) in the placebo group.

According to Song et al. (2014), IgM is reactive to several auto-
antigens and is implied to be important for autoimmunity, suggesting
that this immunoglobulin may be a potential risk factor for MetS. In this
context, these researchers designed a cross-sectional study with around
one thousand subjects to evaluate the relationship between IgM and
MetS. The results showed that IgM may be a useful predictive factor for
MetS in an adult population. Although further studies are required to
explain the exact mechanisms of IgM in MetS, we could observe a
significant reduction in IgM levels in both experimental groups after
8 weeks of study.

In the present study, a significant decrease in IgE levels was only
verified in the group that received the placebo product. Evidence sug-
gests that high levels of IgE in plasma or tissues contribute to the ac-
tivation of mast cells in the extracellular environment involved in the
inflammation process and immunity (Madjene et al., 2015; Wang et al.,
2013). Studies suggest the association between high levels of IgE and
mast cells, which are important biomarkers for the development of type
2 diabetes mellitus in humans (Wang, Shen, Feng, & Qiu, 2017; Wang
et al., 2011). Besides, Zhang and Shi (2012) related the mast cell pre-
sence to other diseases associated with MetS, including obesity, insulin
resistance, hypertension, and dyslipidemia.

Some limitations of the present study, including the duration of the
intervention and sample size, need to be considered to analyse the
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results obtained. Long-term interventions using a larger number of
volunteers would be required to confirm the effects of the synbiotic
product on biochemical, haematological, inflammatory, and im-
munological parameters. Moreover, we speculate that the aggressive
conditions of the gastrointestinal tract (TGI) (digestive agents present in
the gastric and pancreatic secretions, as well as other physiological
factors) may have affected the L. acidophilus La-5 survival and func-
tionality, which could explain why the results of the synbiotic group
were not so expressive in the present study. Buriti et al. (2010) de-
monstrated the low tolerance of L. acidophilus La-5, incorporated in a
mousse similar to the one applied in the present study, to artificial
gastrointestinal juice in an in vitro assay that simulated the TGI condi-
tions. The survival of this probiotic strain was drastically reduced after
6 h of the in vitro assay. On the other hand, in a study conducted by our
research group, we tested a synbiotic mousse containing L. acidophilus
La-5 microencapsulated with inulin, where the probiotic strain showed
a high survival rate (around 82%) when submitted to simulated gas-
trointestinal conditions, suggesting that the microencapsulation may be
an alternative to increase the strain survival and potential health effects
(unpublished data). This technology enables the development of more
stable probiotic products, preserving the viability of microorganisms
throughout processing, distribution, storage, and especially during the
passage through the gastrointestinal tract (Amine et al., 2014). Never-
theless, further studies will be required to verify whether the mousse
incorporated with microencapsulated L. acidophilus La-5 could have a
greater influence on risk factors related to MetS.

In brief, our results suggest that the presence of probiotic and pre-
biotic ingredients in the diet mousse did not significantly affect the
parameters evaluated after 8 weeks of intervention in the volunteers
with MetS.

5. Conclusion

The observations here reported suggest that daily consumption of
either the synbiotic mousse or the placebo product contributed to the
reduction of TC, HDL-C, IL-1f, IgA, and IgM in the volunteers with
MetS. Therefore, these results suggest that the presence of probiotic and
prebiotic ingredients in the diet mousse did not significantly affect the
risk factors related to MetS. Further clinical studies are necessary to
support the results here reported, such as a long-term experimental
protocol and the inclusion of an evaluation of the intestinal microbiota
to determine whether the synbiotic dessert might cause specific changes
in the composition and/or activity of the intestinal microbiota of sub-
jects with MetS.
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