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Abstract

Objective: This research aimed to evaluate the nutritional status
and influence on the dietary profile in the gut microbiota, in an at-
tempt to identify possible effects of grape juice consumption among
school children aged 6-10.

Design: Anthropometric parameters (weight, height, Body Mass
Index, waist circumference, triceps, and subscapular skinfold) were-
measured at baseline. A Food Frequency Questionnaire (FFQ) was
carried out to evaluate the dietary profile. Feces were analyzed by
culture methods and the alpha diversity was determined by the
Shannon Index.

Participants: 36 volunteer school children aged 6 to 10 years
from two different cities in the South of Brazil.

Main outcome measure: Gut microbiota diversity according to
anthropometric parameters, nutrition profile and delivery patterns.

Analysis: For statistical analysis, t or u test and correlation were
used through the statistical software SPSS® version 22.0.

Results: The volunteers presented a eutrophic nutritional status,
but 41.7% in the City 2 were overweight. There was a significant dif-
ference in the consumption of polyphenols (p<0.003), microbiota-
diversity, breastfeeding, and delivery patterns by city. However, the
dietary profile does not include the portions of daily nutrients rec-
ommended in both cities. The volunteers from City 1 presented a
greater alpha diversity, which may be related to higher micronutri-
ent intake, breastfeeding, and predominant natural/vaginal delivery.

Conclusion: We observed that the normal delivery and the di-
etary profile seems to be important factors to the gut microbiota
diversity in these children.
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Introduction

The intestine is the largest immune organ in the human body
with approximately 80% of all antibody-producing cells [1]. The
gut microbiota is related to its contribution to host nutrition and
metabolism. Recent research has revealed that the microbiota
is also involved in the development and cognitive processes and
microbial dysbiosis has been associated with several cognitive
disorders, including autism [2]. Furthermore, Firmicutes, Bacte-
roidetes, Actinobacteria, and Proteobacteria are the four main
phyla that makeup about 95% of the gut microbiota [3]. When
an imbalance in the types of phyla occurs in the microbiome,
many types of diseases may develop —i.e. autoimmune, meta-
bolic, neoplastic, neurological, digestive, cardiovascular, and in-
fectious diseases [4].

According to the scientific literature, there is an important
influence of dietary patterns on the gut microbiota. Different
types of polyphenols can alter the component of the microbi-
ota, which in turn restricts the increase of pathogenic bacteria
and raises the growth of probiotic bacteria (thus increasing di-
versity in the gut) [5]. Grape juice contains a large amount and
variety of polyphenolic compounds and minerals such as potas-
sium, calcium, magnesium and A, C and complex B vitamins that
could improve the healthy gut microbiota [6,7].

The consumption of integral grape juice has grown signifi-
cantly in Brazil. The state of Rio Grande do Sul (South Brazil),
especially the region of “Serra Gaucha”, is an important produc-
er of grapes and their derivatives. It is estimated that, in 2010,
there were about 26.9 million liters of grape juice produced in
the state [8]. With the passing of State Law No. 13,247/2009 in
Rio Grande do Sul, grape juice is required to be supplied as a
part of school lunches. Hence, each city has the autonomy to
decide whether red grape juice will be offered to school chil-
dren [9].

The development and maturation of the intestinal microbi-
ome consists of a process influenced by several perinatal condi-
tions, such as the mother’s age at pregnancy, type of feeding
during pregnancy, type of delivery and family genetics. Babies
born via vaginal delivery come into contact with the maternal
vaginal and fecal microbiome, which results in neonatal intes-
tinal colonization by microbes associated with the vagina such
as Lactobacillus. In contrast, babies born via cesarean section
are likely to be colonized by microorganisms from the mother’s
skin, hospital staff and hospital environment [10].

The supply of breast milk at birth, in addition to providing
essential nutrients for the growing baby, is a source of commen-
sal bacteria that act on child health, preventing the adhesion of
pathogens and promoting the intestinal colonization of benefi-
cial microbes, where the strains derived from human milk can
be considered potential probiotics for the health of the intesti-
nal microbiome [11].

The promotion of adequate and healthy eating has numer-
ous benefits and contributes to the developmental potential of
a child in becoming a healthy adult with greater intellectual and
productive capacity [12]. For this reason, the school environ-
ment is a strategic place to work on food and nutrition educa-
tion, a good environment can be an effective tool for promoting
healthy dietary habits in children [13].

Given the great number of studies and possible evidence in
previous scientific researches, it is required to further investi-
gate whether polyphenols, especially those found in integral
red grape juice, were related to intestinal health and action in
the dietary profile of school children.

Methods

This research is a cross-sectional study, in which two full-
time municipal schools with similar characteristics of two cit-
ies, in the South of Brazil, that offer integral red grape juice in
school feeding were selected. A total of 36 volunteer school-
children between 6 and 10 years of age were included in the
study, approved by the Research Ethics Committee, under serial
number 2,983,917.

There were held meetings with training for parents and/or
guardians who signed the Free and Informed Consent Form
(FICF) and the children who signed the Free and Informed Con-
sent Term (FICT).

The weight was measured using the Omron® digital scale
HN289LA model, with capacity for 150 kg and graduations of
100 g. To measure the height, a wall stadiometer 2m Welmy®
was used. To determine nutritional status through Body Mass
Index (BMI), cutoff points were used through z-score, defined
by the World Health Organization (WHO) [14]. To verify waist
circumference (WC), an anthropometric steel tape was used,
inextensible with 2m lock - Cescorf® and Freedman'’s reference
values, 1999 [15]. The triceps (TSF) and subscapular (SSF) skin-
fold thicknesses were performed with the traditional Cescorf®
adipometer to define eutrophia or excess adiposity, through Fri-
sancho’s cutoff points, 1990 [16].

To identify the dietary profile, the information was obtained
through the Food Frequency Questionnaire (FFQ), validated by
Del Pino, 2009 [17], which was filled in by parents and/or guard-
ians and compared with that recommended by the Brazilian So-
ciety of Pediatrics (BSP) through portions of the Food Pyramid
for preschoolers and school children [18]. Hence, it was defined
an adequate consumption through the daily portions (cereals 5
portions/day, vegetables and vegetables 3 portions/day, fruits
3 portions/day, milk and derivatives 3 portions/day, meat and
eggs 2 portions/day, legumes 1 portion/day, fats 1 portion/day
and sugars 1 portion/day).

The acceptability of integral grape juice was evaluated
through the Acceptability Test with facial hedonic scale [19], di-
rectly applied to volunteers.

The bacterial culture method was performed to evaluate the
gut microbiota. Briefly, 1g of each stool sample was diluted in
both 10 ml of BHI and thioglycolate broth and incubated by 48h
at 37°C. Each sample was then plated using a selective and non-
selective agar culture medium and measured after 48h of incu-
bation at 37 °C. The results were expressed in colony-forming
units per milliliter (CFU/mL) of stool. The colonies were identi-
fied by MALDI-TOF-MS and a microbial diversity was evaluated
by calculating alpha diversity according to Shannon Index [20].

For statistical analysis of data with normal distribution, a
t-test was used for independent samples, variables without
normal distribution were evaluated by the U test. For group
comparison, it was used ANOVA with Turkey’s post hoc test. A
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correlation between quantitative variables was also used. The
statistical software Statistical Package for Social Science (SPSS®)
version 22.0 was used for Windows. It was considered statisti-
cally different if p<0.05.

Results

The general characteristics of the 36 volunteer participants
are shown in Table 1, in which 24 children are from City 1, with
an average of 8.16 + 0.86 years of age and 12 children are from
City 2, with an average of 7.66 + 1.23 years of age. The predomi-
nant race was the Caucasian (69.44%).

It is noteworthy that the majority of births, 58.3%, in City 2
were by a cesarean whereas the majority in City 1 were vaginal
at 62.5%, this is a significant statistical difference, as shown in
Figure 1A. Most births occurred in full-term gestational weeks,
with an average of 38.26 + 2.02 for City 1 and 38.16 + 3.31 for
City 2. Out of the total sample, only one child mentioned hav-
ing a specific diet during the first 6 months after birth, which
is lactose-free due to intolerance. The majority had exclusive
breastfeeding, in City 1, 58.3%. However, in City 2, 58.3% of the
children were not exclusively breastfed.

Anthropometric variables showed that both cities have a eu-
trophic nutritional profile, with an average height of 1.30 £ 0.99
m. However, 41.7% of the students in City 2 were overweight.
As shown in Table 1, there was no significant difference in nutri-
tional status between the samples. Normal adiposity is present
in most students. In City 1 the mean WC was 59.27 £+ 7.70 cm
and in City 2 it was 60.20 + 4.93 cm.

Considering the grape juice consumption, City 1 offers inte-
gral red grape juice once a week, about 180 ml (standard cup
measure) in the school feeding menu and in City 2 the offer is
held 2 times a week, about 360 ml/week. Acceptability is 86.1%
for the students in the total sample.

In the family routine, integral grape juice is rarely present in
both cities. The consumption of artificial powder juice is present
in 26.1% daily, 52.2% once a week, 8.7% once a month, and 13%
rarely in the City 1. In City 2, the following rates were found:
20% of daily consumption, 70% once to twice a week and 10%
rarely.

When the frequency of daily consumption of polyphenols
was analyzed, considering for grape juice intake and consump-
tion of fruits and vegetables, which are sources of polyphenols,
there was a statistically significant difference between the cities
(p<0.003). In City 1, 57.1% have polyphenol consumption only
once a week and 14.3% two to four times a week. In City 2, poly-
phenols consumption is from two to four times a week in 87.5%
of the sample and for 12.5%, the consumption is daily.

The analysis of the usual diet reported by the FFQ showed
that most of the sample(s) do(es) not include the daily intake
of micronutrients and, in general,show higher consumption of
macronutrients, such as cereals and fats, as recommended by
BSP. It is worth mentioning that the ideal consumption of vege-
tables and legumes, milk and dairy products and meat and eggs
is non-existent (0%) in City 2 (as shown in Table 2).

According to the questionnaire the children didn’t have habit
to use probiotics and/or symbiotics, as well as medications such

as antibiotics. This information is important because the use of
these supplements or medications could alter the microbiota.

In City 1, 24 students participated in the study, out of which
54.2% (n=13) had the authorization of parents and or guardians
to collect a stool sample. In City 2, out of 12 participants, 66.7%
(n=8) of children delivered the stool sample.

Microbial diversity among cities was evaluated using alpha
diversity by the Shannon Index, and indicated a higher microbial
diversity in City 1 in comparison to City 2 (p<0.05), as shown in
Figure 1B.

The number of bacteria by CFU/mL showed a statistical dif-
ference between the cities, as shown in Figure 1C.
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Figure 1: Prevalence of type of delivery (A), Diversity of the intes-
tinal microbiota calculated by the Shannon Index (B) and Number
of bacteria per Colony Forming Units (CFU)/mL (C) among cities,
with statistical difference p<0.05 by t-test, expressed by median
\ and quartiles. )
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‘/Table 1: Description of the general and anthropometric charac- \
\\teristics of the sample by cities (n=36). ‘

Feature Frequency % Frequency % p*
CITY1 CITY 2
Type of Delivery
Natural/vaginal 15 62.5 5 41.6
0.006
Cesarean 9 375 7 58.3
Gestational Weeks
Premature Birth 0 0.0 - 0.0
Early-term 1 4.2 1 8.3
0.005
Full-term 21 87.5 10 83.3
Late-term 2 8.3 1 8.3
EB
Yes 14 60.0 5 50.0
0.705
No 10 40.0 5 50.0
Intestinal Habit
Every day 18 75.0 10 83.3
3 to 4 times a week 5 25.0 1 111
) 0.286
1to 2 times a week - 0.0 1 111
Other 1 5.0 - 0.0
BMI rating
Underweight 3 125 - 0.0
Eutrophia 17 70.8 7 58.3
) 0.099
Overweight 3 12.5 5 41.7
Obesity 1 4.2 - 0.0
WC Rating
Eutrophia 20 83.3 9 75.0
. . . 0.557
Excessive adiposity 4 16.7 3 25.0
TSF Rating
Decreased adiposity 1 4.2 - 0.0
Normal adiposity 22 91.7 12 100.0 | 0.432
Excessive adiposity 1 4.2 - 0.0
SSF Rating
Decreased adiposity 1 4.2 - 0.0
Normal adiposity 21 87.5 12 100.0 @ 0.277
Excessive adiposity 2 8.3 - 0.0

Source: The authors, 2020.

Notes: EB, Exclusive Breastfeeding; BMI, Body Mass Index; WC, Waist
Circumference; TSF, triceps skinfold; SSF, subscapular skinfold; %, Per-
centage.

*p: statistical significance <0.005, according to the Chi-squared test.

‘/Table 2: Daily food intake of food groups by ideal portion ac- \
cording to the Food Pyramid for preschoolers and schoolchildren. ‘

\_ /
Feature Frequency % Frequency ‘ % ‘ p*
CiITY1 CITY 2
Cereals 6 28.6 3 3 0.779
Vegetables and legumes 1 4.8 - - 0.550
Fruits 3 14.3 2 2 0.317
Milk and dairy products 4 19.0 - - 0.211
Meats and eggs 5 23.8 - - 0.334
Leguminosae 10 47.6 5 5 0.771
Oils and fats 8 38.1 3 3 0.943
Sugars and sweets 5 23.8 1 1 0.754

Source: The authors, 2020.

Notes: *p: statistical significance <0.005, according to the Chi-squared
test.

** portions per food group: cereals5 portions/day, vegetables 3 por-
tions/day, fruits 3 portions/day, milk and derivatives 3 portions/day,
meat and eggs 2 portions/day, legumes 1 portion/day, fats 1 portion/
day and sugars 1 portion/day.

Discussion

This is a study on nutritional status and influence on the
dietary profile in the gut microbiota, in an attempt to identify
possible effects of grape juice consumption since it is a regular
offered meal in schools of both cities.

The frequency of supply of grape juice is different between
the citiies, however there was no difference in relation to the
statistics. In contrast, we have not detected an effect on gut
microbiota diversity associate to it possibly due to the low con-
sumption of micronutrients and highly consumption of refined
carbohydrates and sugary drinks, according to the FFQ. Grape
juice should be, as described in the legislation, 100% integral,
natural, with no preservatives or sugar. Also, schools should of-
fer juice in its natural form, without any sort of dilution, to take
advantage of its full potential — following the prescription of the
respective nutritionist. However, there is no effective municipal
control to evaluate and evidence how this offer occurs in the
school routine. This is an important bias to be highlighted in the
current research.

The high consumption of artificial powder juice is worri-
some since it does not add any nutritional value and is present
throughout the entire studied sample. Vega (2015) found that
37.5% of the children in his study consumed artificial juice or
soda four times a week [21]. Sugary drinks, such as artificial juice
and soft drinks, are considered the most important contribu-
tors to the intake of too much sugar. Their regular consumption
is pointed out as one of the main factors for unwanted weight
gain [22]. In Brazil, overweight and obesity have been recorded
in children as early as five years old within every income group
and region [23]. Studies indicate that the main conditioning fac-
tors for obesity in children are the intake of products low in nu-
trients and high in sugar and fats, regular intake of sugary drinks
and insufficient physical activity [24]. Besides that, the dietary
profile of the volunteers was predominantly evidenced with
low consumption of portions of fruits, vegetables, and dairy
products. This same pattern was found in a study conducted
by Berding (2018), which evaluated the dietary pattern and gut
microbiota composition of children from 4 to 8 years of age.
The author identified a higher than the recommended intake of
fats, refined carbohydrates and sodium associated with low in-
take of fibers and proteins, thus resulting in a little different mi-
crobiota [25]. According to NSDH, daily consumption of fruits,
vegetables and legumes, fresh or in juice, was not reported for
four out of ten children. This low consumption is a relevant fac-
tor, especially as related to infant nutrition because fruits and
vegetables are fundamental components of a healthy diet, es-
sential for the normal growth, development, and maintenance
of the human body during the life cycle [26].

In both cities most children have a eutrophic nutritional sta-
tus. However, 41.7% of the children in the City 2 are overweight,
which may point out to inadequate dietary patterns for this age.
They may be happening possibly due to the nutritional transi-
tion that occurs in Brazil, which intensely affects the population
with lower purchasing power [27].

www.jcimcr.org

Page 4



Regarding the microbiota in volunteers from the City 2,the
alpha diversity is lower, with a higher incidence of Firmicutes
and lower of Bacteroidetes as have already reported by other
studies [28,29]. It is noteworthy that the sample from City 2
presented a considerable percentage of overweight children. In
a study held in Mexico with children between 6 and 14 years
of age, the risk of being overweight was associated with the
higher prevalence of Firmicutes and lower of Bacteroidetes. It
have already been reported that the gut microbiota has an im-
portant effect on reducing the risk of developing obesity [30]. In
a study with adults, individuals with low diversity of microbial
phyla presented marked adiposity, insulin resistance and dyslip-
idemia, while individuals with greater richness of bacteria types
had a healthy weight and better general clinical condition [31].

The low microbiota diversity found in volunteers from City
2 may still be attributed to inadequate micronutrient intake.
However, the relationship between balance in gut microbiota,
bacterial gut composition and dietary patterns in children is still
not well understood and studies with children are lacking [32].
Another possible explanation may be the type of delivery and
breastfeeding in the sample since cesarean deliveries have a de-
crease in the richness and diversity of the gut microbiota, that
corroborates with infants without breastfeeding [33]. Studies
have suggested that persistent differences in intestinal micro-
biota between children with cesarean delivery and vaginal de-
livery have been detected in children up to 7 years of age, high-
lighting the protective effect of vaginal delivery on long-term
health [34]. Furthermore, it is worth mentioning that microbial
diversity may have a genetic influence. This fact is believed to
be due to family sharing, such as food and environment [35].

In a study with breastfed children who were followed up
from birth to the first year of life, with stool sampling at 3, 6 and
12 months, alpha diversity showed that at 6 months there is a
decline in diversity, possibly related to the time of food intro-
duction. As they reach 12 months of age, the children present-
ed a higher alpha diversity, including Bacteroidetes, Firmicutes,
Fusobacteria, Proteobacteria, Actinobacteria and Verrucobiabia
phyla [36]. This may suggest the beneficial action of breast milk
on the diversity of the gut microbiota.

The consumption of polyphenols through the diet has a posi-
tive relationship with intestinal health, as well as the type of de-
livery and breastfeeding time, as shown in this current research.
These results encouraged studdy more about these practices
for the health of child and adult ones.

Implications for research and practice

Generally speaking, the results of this research highlight the
positive relevance of the nutritional education of parents, soci-
ety, educators and managers about the food offered to children
in their family and school contexts. Considering that childhood
is a paramount developmental stage for long-term health, it is
essential to invest in nutritional education and recreational ac-
tivities to encourage healthy eating habits that contribute posi-
tively to the prevention of obesity and its strong relationship
with the composition of the gut microbiota.

Therefore, for the beneficial effects of grape juice consump-
tion to be effective, the general nutritional context of the chil-
dren must be adequate. Nonetheless, further studies with
children and the relationship between feeding, polyphenol con-
sumption and gut microbiota are necessary to better elucidate
the remaining questions.

Funding: This work was supported by the National Council
for Scientific and Technological Development (CNPq). There are
no conflicts of interest.
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