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A B S T R A C T

The aim of this research was to evaluate the effect of grape probiotic fermented beverages made of goat milk,
with or without added grape pomace on gut microbiota in a Simulator of Human Intestinal Microbial Ecosystem
(SHIME®). SHIME® model was used to investigate to assess changes in microbial composition and fermentation
metabolites (short- and branched-chain fatty acids and ammonium), as well as under the antioxidant capacity.
The results demonstrated that the beverages formulated, with or without grape pomace extract, exhibited high
dietary fiber, oleic acid, phenolic compounds content and antioxidant activity. Both beverages also kept L.
rhamnosus and S. thermophilus viable during their passage through the intestinal tract and had a positive effect on
gut microbiota metabolism, increasing the antioxidant capacity and the production of short-chain fatty acids,
and decreasing the ammonium concentration. Therefore, the multifunctional beverages formulated in this study
can offer a new perspective for the production of foods with positive potential effects on human health.

1. Introduction

Gut microbiota is composed of a diversity of microorganism species
that vary along the digestive tract and between individuals (Roberfroid
et al., 2010). It is estimated that the intestinal tract is inhabited by
1011 cells/mL of luminal content, including 400 to 500 bacterial species
(Scott, Gratz, Sheridan, Flint, & Duncan, 2013). The microbiota is re-
sponsible for protecting the intestinal mucous membrane against pa-
thogenic microorganisms (Lourens-Hattingh & Viljoen, 2001), synthe-
sizing vitamins K, B1, B2 and B12 (Saad, 2006), breaking down the non-
digestible components of food and producing metabolites such as short-
chain fatty acids (SCFAs) (Ríos-Covián et al., 2016).

Microbiota metabolism and composition are mainly influenced by
the use of antibiotics, genetic and immunologic factors and by diet
(Scott et al., 2013; Wu et al., 2012). It is known that the ingestion of
probiotic microorganisms, prebiotic ingredients or symbiotic combi-
nations is strongly associated with the regulation of gut microbiota
(Gibson & Roberfroid, 1995; Scott et al., 2013). Probiotics are living
microorganisms which, when administered in adequate quantities,
provide the host with health benefits (Hill et al., 2014). Probiotics can

stimulate the immune system and promote digestive resistance to co-
lonization by pathogens through the production of antimicrobial com-
pounds (Sanders, 2003). The main probiotic strains used in functional
foods belong to genus Lactobacillus spp. and Bifidobacterium spp.
(Hervert-Hernández, Pintado, Rotger, & Goñi, 2009). However, studies
on probiotic Lactobacillus rhamnosus strains in the process of fermen-
tation of lactic products are scarce (Jia, Chen, Chen, & Ding, 2016).
Some studies suggest that L. rhamnosus strains have the ability to sur-
vive stomach conditions and colonize the digestive tract of children and
adults (Goldin et al., 1992; Millar, Bacon, Smith, Walker, & Hall, 1993;
Saxelin, Ahokas, & Salminen, 1993). They have also been found to be
able to restore the urinary and genital tract's microbiota and to reduce
the risk of urinary tract infections (Reid, Beuerman,
Heinemann, & Bruce, 2001; Reid & Bruce, 2003).

Prebiotics are non-digestible ingredients that are able to be fer-
mented in the colon, stimulating the growth of beneficial bacteria and
altering gut microbiota in favor of a healthier composition
(Gibson & Roberfroid, 1995). Furthermore, studies indicate that foods
rich in phenolic compounds also could have a significant impact on gut
microbiota (Kemperman et al., 2013). When present in the colon, these
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compounds can be metabolized by resident microbiota, leading to the
production of biologically active metabolites (Van Duynhoven et al.,
2011). These metabolites could influence the composition and activity
of intestinal bacteria populations by stimulating or inhibiting specific
groups and, as a consequence, regulating the microbiota (Kemperman,
Bolca, Roger, & Vaughan, 2010).

Probiotic microorganisms are usually vehicle by dairy products,
such as fermented milk and yogurts (Hekmat, Soltani, & Reid, 2009).
However, the use of alternative food matrices, such as goat milk, could
be a good option for the production of functional foods, particularly, for
individuals that cannot ingest bovine dairy products due to the milk
protein allergies (dos Santos et al., 2016; Silanikove, Leitner,
Merin, & Prosser, 2010). Goat milk is more easily digested by humans
than cow milk due to the dimensions of the casein micelles and fat
globules (Park, 2007). It also presents an oligosaccharide profile similar
to human milk, a larger proportion of short- and medium-chain fatty
acids, and a low allergenic potential (Lara-Villoslada et al., 2006;
Minervini, Bilancia, Siragusa, Gobbetti, & Caponio, 2009; Raynal-
Ljutovac, Lagriffoul, Paccard, Guillet, & Chilliard, 2008).

One interesting option in the development of functional foods is the
use of fibers and bioactive compounds from agricultural industry waste.
Conveniently, the wine industry processes approximately 50 million -
tons of grapes every year, and, in doing so, produces 5 to 9 million tons
of grape pomace after fermentation (Djilas, Čanadanović-
Brunet, & Ćetković, 2009). Grape pomace is largely composed of seeds
and skins. It is an important byproduct, rich in fiber and with a relevant
concentration of phenolic compounds (Cataneo, Caliari, Gonzaga,
Kuskoski, & Fett, 2008). The fibers present in grape pomace can have a
prebiotic effect on the intestinal mucous membrane, as has been de-
monstrated by Pozuelo et al. (2012).

Currently, much of the agro-industrial waste is disposed of in the
natural environment or is treated as a product of low economic value,
being often used as animal feed or fertilizer (de Campos, Leimann,
Pedrosa, & Ferreira, 2008). However, many benefits to human health
can be attributed to the phenolic compounds present in grape pomace,
such as anthocyanins, flavonoids, phenolic acids, and resveratrol, due
to antioxidant, anti-inflammatory, and cardio protective effects
(Cataneo et al., 2008; Manach, Mazur, & Scalbert, 2005; Puupponen-
Pimiä et al., 2001). As a result, options for the use of grape pomace and
its bioactive compounds in human food products are being investigated.
In this context, foods with various components with bioactive proper-
ties can be considered “multifunctional” foods and can promote human
health (dos Santos et al., 2016).

The objective of this study was to identify the main bioactive
compounds present in a grape-flavored probiotic fermented beverage
made of goat milk, with and without grape pomace extract and to
evaluate their functional effects on the gut microbiota in a Simulator of
Human Intestinal Microbial Ecosystem (SHIME®). It was evaluated the
survival of Lactobacillus rhamnosus after the passage through the si-
mulated conditions of the stomach and the duodenum. SHIME® is an in
vitro model that dynamically simulates the human digestive tract which
has frequently been used in nutrition studies due to its usefulness in the
analysis of intestinal microbial population activity and composition
(Barroso et al., 2014; Bianchi et al., 2014; Molly, Woestyne,
Smet, & Verstraete, 1994; Possemiers, Marzorati, Verstraete, & Van de
Wiele, 2010; Sivieri et al., 2014; Van de Wiele, Boon, Possemiers,
Jacobs, & Verstraete, 2004).

2. Material and methods

2.1. Preparation of the grape pomace extract

Merlot grape pomace was obtained from the Casa Valduga vine-
yards in the state of Rio Grande do Sul, Brazil. The extraction was
performed in a jacketed tank at 50 °C, under mechanical agitation at
48 rpm for 180 min. A hydroalcoholic extract solution containing 30%

ethanol (v/v) was used at a 7:1 ratio (solvent: substrate). The solid
fraction was separated using a basket centrifuge with a 150 μm nylon
mesh as a filter. The obtained extract was bottled in previously sani-
tized plastic canisters and stored at −16 ± 1 °C.

The extract was then dried in a spray-dryer (Model B190, Buchi®)
using maltodextrin at a 10% concentration (MDE 5, Corn Products
1805) as an encapsulating agent. The extract was maintained under
constant agitation at room temperature and was sent to the spray
dryer's main chamber with a peristaltic pump at a rate of 0.9 L/h. The
entry and exit temperatures used in the spray dryer were 180 °C and
70 °C, respectively. It was employed a flow rate of 2.4 bar. The dehy-
drated extract was kept at −16 ± 1 °C.

2.2. Fermented beverages preparation

The fermented beverages were produced at the Brazilian
Agricultural Research Corporation (EMBRAPA) in Rio de Janeiro,
Brazil. Two formulations were produced: fermented milk + grape juice
(formulation 1) and fermented milk + grape pomace extract + grape
juice (formulation 2) (dos Santos et al., 2016). The ingredients used in
the beverages, and respective proportions, are presented in Table 1.

With the exception of the grape juice, the ingredients were blended
until they became completely smooth. The mixture was pasteurized at
95 ± 1 °C for 10 min in a water-bath (Spencer®, Dubnoff). The tem-
perature of the mixture was then reduced to 43 ± 1 °C for the inclu-
sion of the probiotic culture (0.3% of L. rhamnosus, Sacco®, Brazil) and
the starter culture (0.04% of S. thermophilus, DuPont®, USA). The
mixture was fermented in a BOD incubation chamber (MA1415/780,
Marconi®) at 43 ± 1 °C until a pH of approximately 5.0 was reached
(measured each 30 min). The beverages were cooled to 5 ± 1 °C for
24 h. Then, the grape juice was added (EMBRAPA Grape and Wine,
Brazil) in both formulations. The final products were packed in high-
density polyethylene bottles, and stored at 5 ± 1 °C for 28 days.

2.3. Physical and chemical characteristics of the fermented beverages

2.3.1. Determining pH and titratable acidity
The pH and titratable acidity of the fermented beverages were

evaluated during the 28 days of refrigerated storage at 5 ± 1 °C using
the methods proposed by the Association of Analytical Communities
(AOAC, 2012). The analyses were run in triplicate.

2.3.2. Centesimal composition and total dietary fiber
Moisture, ash, protein, fat, carbohydrates content, and total energy

values, were determined using the methods proposed by the AOAC
(2005). The total dietary fiber content and its fractions (soluble, in-
soluble, and lignin) were determined according to the methodology
proposed by Mañas, Bravo, and Saura-Calixto (1994). The analyses
were run in triplicate.

2.3.3. Fatty acid profile analysis
Milk fat was extracted according to the method proposed by AOAC

(2012). The methyl esters were prepared using the method by Christie
(1982). The fatty acid profiles were analyzed in an Agilent 1890 gas
chromatographer equipped with a cast silicon capillary column (CP-Sil

Table 1
Ingredients used in the formulation of the fermented beverages studied.

Ingredient (%) Formulation 1 Formulation 2

Goat milk (Rancho Grande, Brazil) 73.00 67.00
Sugar (União, Brazil) 7.00 7.00
Grape pomace extract (Embrapa Grape and

Wine, Brazil)
0.00 6.00

Grape juice (Embrapa Grape and Wine, Brazil) 20.00 20.00
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88, 100 m× 0.25 mm× 0.20 μm) and a flame ionization detector
using the methodology proposed by Cruz-Hernandez et al. (2007). The
analyses were run in triplicate.

2.3.4. Extraction of phenolic compounds
Polyphenols were extracted from the fermented beverages using

acidified methanol (concentrated HCl, 0.1 g 100 mL−1), as proposed by
Karaaslan, Ozden, Vardin, and Turkoglu (2011), with slight modifica-
tions. Six milliliters of acidified methanol was added to each 1.5 g of the
fermented beverages, and the samples were kept overnight at 4 ± 1 °C.
The samples were later centrifuged at 1300 g at 4 ± 1 °C for 15 min.
Next, 6 mL of acidified methanol was added to the precipitate, and the
samples were centrifuged under the same conditions. The procedure
was repeated two more times until a final volume of 24 mL was ob-
tained. The obtained extracts were kept under −16 ± 1 °C and were
used to determine the total phenolic compounds in the fermented
beverages.

2.3.5. Determining total phenolic compounds and antioxidant activity
Total phenolic compounds were determined using the Folin-

Ciocalteu reagent (Sigma®, USA), according to Georgé, Brat, Alter, and
Amiot (2005). The results were expressed as mg gallic acid equivalent
(mg GAE 100 g−1). The antioxidant activity was determined using the
ABTS+ method proposed by Serpen, Capuano, Fogliano, and Gökmen
(2007), and the results were expressed as mmol Trolox equivalent
(mmol TE g−1).

2.4. The dynamic colon fermentation model - Simulator of Human
Intestinal Microbial Ecosystem (SHIME®)

SHIME® is a dynamic model of the human intestinal tract. It's
composed of five connected reactors that represent the stomach (S), the
duodenum (D), the ascending colon (AC), the transverse colon (TC),
and the descending colon (DC), with their respective pH values, re-
sidence times, temperatures, and volume capabilities (Molly et al.,
1994; Possemiers, Verthé, Uyttendaele, & Verstraete, 2004).

At the beginning of the experiments, the AC, TC and DC simulation
reactors were inoculated with non-gas producing (methane < 3 ppm)
stool samples from three adult volunteers who had not taken antibiotics
in the two years prior. The stool inoculum was prepared using the
method by Possemiers et al. (2010). The inoculum was stabilized for
two weeks in a carbohydrate-based medium, as previously described by
Possemiers et al. (2004), so that the microbial community could adapt
to the specific conditions within each reactor simulating the different
regions of the colon.

The experimental set up of the SHIME® assay included a two-week
stabilization period, a two-week control period, and a two-week treat-
ment period, as previously described by Chaikham and
Apichartsrangkoon (2014). During the treatment periods, 200 mL of the
formulations 1 or 2 were added to the system once a day (containing
7 log CFU mL−1 of L. rhamnosus and S. thermophilus) and 200 mL of the
carbohydrate-based medium was added twice a day. During the control

periods, only the carbohydrate-based medium was added to the system
(200 mL three times a day). Fig. 1 shows the experimental protocol
used in the SHIME®.

All reactors were kept at 37 °C under magnetic stirring. The system
was kept under anaerobiose through daily 30-minute injections of ni-
trogen. The pH of the reactors that simulate the stomach and AC, TC,
and DC was controlled by automatically adding sodium hydroxide 1 N
or hydrochloridric acid 1 N (Molly et al., 1994; Possemiers et al., 2004).
In addition, 60 mL of artificial pancreatic juice (12.5 g/L of NaHCO3,
6 g/L of Oxgall and 1.9 g/L of pancreatin) was added to the reactor
simulating the duodenum at a rate of 4 mL/min for 15 min (Molly et al.,
1994; Possemiers et al., 2004).

2.4.1. Survival of L. rhamnosus and S. thermophilus under the simulated
conditions of the stomach and duodenum in the SHIME®

During the treatment period with the fermented beverages, samples
were collected from the reactors corresponding to the stomach and
duodenum in order to verify the survival of L. rhamnosus and S. ther-
mophilus. One milliliter of samples from each reactor was suspended in
9 mL of sterile peptone water and serial dilutions were carried. L.
rhamnosus was plated in MRS agar (Merck®, Germany) acidified to
pH 5.4 and incubated under anaerobiose (Probac, Brazil) at 37 ± 1 °C
for 72 h (Oliveira, Sodini, Remeuf, & Corrieu, 2001). S. thermophilus was
plated in M17 agar (Oxoid®, United Kingdom) containing lactose
(5.0 g/L), and incubated under anaerobiose (Probac, Brazil) at
37 ± 1 °C for 48 h (Cardarelli, Buriti, Castro, & Saad, 2008).

2.4.2. Microbiological analysis of the SHIME® samples
Changes in the gut microbiota during the experimental protocol

were determined based on the enumeration of the populations of
Lactobacillus spp., Bifidobacterium spp., Clostridium spp., total anaerobes
and total coliforms. The sampling was made after 7 days of each ex-
perimental period (control and treatment periods). One milliliter of
samples from each reactor was suspended in 9 mL of sterile peptone
water. Serial dilutions were prepared and inoculated in selective culture
mediums (Table 2).

The behavior and diversity of total bacteria throughout during the
experimental period was analyzed by PCR-DGGE. The DNA from the
simulated colon reactor samples was extracted using the QIAamp DNA
Stool Mini Kit (Qiagen, Germany), according to the producer's proto-
cols, with slight modifications. The DNA was quantified using a
NanoVue™ Plus (GE Healthcare, USA) spectrophotometer. The primers
used to replicate the DNA were 968FGC (5′-CGC CCG GGG CGC GCC
CCG GGC GGG GCG GGG GCA CGG GGG GAA CGC GAA GAA CCT TAC-
3′) and 1401R (5-CGG TGT GTA CAA GAC CC-3′) (Engelen et al., 1996).
DNA polymerization was performed using a GoTaq® Green Master Mix
(Promega, USA). The samples were then amplified in a thermal cycler
(Applied Biosystems, USA) under the following conditions: initial de-
naturation at 95 °C/min, 35 denaturation cycles at 94 °C/45 s, an-
nealing at 56 °C/45 s, extension at 72 °C/min and final extension at
72 °C/10 min, followed by cooling at 4 °C.

Electrophoresis was performed in an 8% polyacrylamide gel with a

Fig. 1. Experimental protocol used in the Simulator of the
Human Intestinal Microbial Ecosystem (SHIME®).

F.C. Freire et al. Food Research International 99 (2017) 315–327

317



denaturation gradient between 45% and 65% for 16 h at 75 V in a TAE
1× buffer at a constant temperature of 60 °C (dos Reis, Carosia,
Sakamoto, Varesche, & Silva, 2015). The gels were dyed with ethidium
bromide (Sanguinetti, Dias Neto, & Simpson, 1994), digitized (400 dpi)
and later analyzed using the BioNumerics software, version 6.0 (Ap-
plied Maths, Belgium).

The ecological analysis (richness and functional organization) was
performed based on the study by Marzorati, Wittebolle, Boon,
Daffonchio, and Verstraete (2008). Richness (Rr) is correlated with the
distribution patterns of the DGGE bands, and with the percentage of
denaturing gradient gel required to represent the total diversity of the
sample. This concept can be mathematically expressed using the index
Rr = (N2 × Dg), where N represents the total number of bands in the
DGGE line and where Dg represents the denaturing gradient present
between the first and last bands.

Pareto-Lorenz distribution curves were created in order to represent
the structure and functionality of bacterial communities based on the
DGGE profiles (Mertens, Boon, & Verstraete, 2005; Wittebolle,
Vervaeren, Verstraete, & Boon, 2008). The respective bands are classi-
fied from high to low for each DGGE line according to their intensity.
The cumulative value of the Y axis (in this case, the intensity proportion
of the bands) corresponds to 20% of the cumulative proportion of the
evaluated species (X axis). The more deviation is shown by the Pareto-
Lorenz curve from the theoretical perfect line (that is, 45°), the less
uniform the structure of the microbial community studied is. Low
uniformity means that few different species are present in dominant
quantities (Dejonghe, Boon, Seghers, Top, & Verstraete, 2001; Mertens
et al., 2005; Wittebolle et al., 2008).

2.4.3. Ammonium (NH4
+) and short- and branched-chain fatty acids

(SCFAs and BCFAs) analysis
Samples from the colon simulating reactors were collected in each

experimental period (controls 1 and 2, and treatments 1 and 2), and
stored at −20 °C. The production of NH4

+ was determined using anion
measurer attached to an ion-selective electrode (Model No. 95-12,
Orion) according to Bianchi et al. (2014). The device was calibrated
with standard solutions of ammonium chloride at 0.1 M in concentra-
tions of 10, 100 and 1000 mg/L of ammonium. A total of 0.2 mL of ISA
(Orion) solution was added to each 10 mL of sample material.

For the SCFAs and BCFAs analysis, 2 mL of samples were cen-
trifuged at 13,000g for 5 min. Then, 100 μL of the supernatant was
diluted in 1900 mL of ultrapure water, 1 g of sodium chloride, 100 mL
of chrotonic acid, 70 mL of isobutanol, and 200 μL of sulphuric acid
(2 M). The SCFAs were analyzed in a Model-2010 gas chromatographer
(Shimadzu, Japan) equipped with a split/splitless injector and a flame
ionization detector. The SCFAs were separated using an HP-Innowax
(30 m× 0.25 mm× 0.25 μm) column (Agilent Technologies, USA).
The transporting gas used was hydrogen, and the flow rate was
1.45 mL/min. The temperature of both the injector and the detector
was 240 °C (Adorno, Hirasawa, & Varesche, 2014).

2.4.4. Antioxidant capacity of the SHIME® samples
The antioxidant capacity of the reactor samples simulating the AC,

TC, and DC were determined throughout the experimental period ac-
cording to the method proposed by Re et al. (1999). An aliquot of 30 μL

of each sample was mixed with 3 mL of ABTS+, and the absorbance was
measured at 734 nm in a SP-220 spectrophotometer (Biospectro,
Brazil).

2.5. Statistical analysis

Data had a homoscedastic normal distribution and the results ob-
tained were expressed as mean ± standard deviation. Analysis of
variance (ANOVA) and Tukey's test were performed to evaluate the
survival of L. rhamnosus and S. thermophilus under simulated stomach
and duodenum conditions in the SHIME®. Student's t-test (p ≤ 0.05)
was applied for comparison between control and treatment periods in
each reactor that simulates the colon (AC, TC and DC).

A principal component analysis (PCA) was performed to better
understand the results found in the SHIME® during the treatment per-
iods. The variables studied were organized in columns (variables) and
the experimental periods were organized into lines (cases). Before the
analysis, the data was normalized and the PCA was performed with a
correlation matrix and without a rotation factor. All analyses were
performed in Statistica 10.0 software (StatSoft® Inc., USA).

3. Results and discussion

3.1. Physical and chemical characteristics of the fermented beverages

3.1.1. pH and titratable acidity
The pH values of the formulated beverages did not vary during the

storage period. Formulations 1 and 2 presented mean pH levels of 4.30
and 4.31, respectively, over the 28 days of storage at 5 ± 1 °C. The
titratable acidity of formulation 2 (0.61 ± 0.01 g 100 g−1) was higher
(p ≤ 0.05) than that of formulation 1 (0.57 ± 0.01 g 100 g−1), a
finding which was likely due to the addition of grape pomace extract,
which presented a pH of 3.80. dos Santos et al. (2016) developed a
probiotic fermented goat milk product, using grape pomace extract, and
observed pH and acidity levels higher (4.39 and 0.68 g 100 g−1, re-
spectively) than those described in this study. According to the Brazi-
lian Technical Regulations for the Identity and Quality of Fermented
Milks, which establishes acidity values at 0.6 to 2.0 g 100 g−1 for these
products, all of the fermented beverages produced herein adhered to
Brazilian legislation.

3.1.2. Centesimal composition and fatty acids profile
Table 3 shows the centesimal composition of the fermented bev-

erages. Statistical differences between the two formulations were de-
tected for all parameters, with the exception of the fat content. dos
Santos et al. (2016) and Salva et al. (2011) developed fermented bev-
erages made of goat milk with Lactobacillus rhamnosus, and both studies
found centesimal composition values similar to those found in this
study.

In the current study, the added grape pomace extract contributed to
a higher dietary fiber content in formulation 2. However, both for-
mulations adhere to current Brazilian laws and are classified as foods
with high dietary fiber content in a daily portion of fermented milk
(formulation 1: 5.08 g 200 g−1 and formulation 2: 7.84 g 200 g−1).
The consumption of dietary fiber is associated with several health

Table 2
Culture media and conditions used in the microbiological analysis in the SHIME®.

Genus Culture medium Brand Time/temperature Oxygen condition Reference

Lactobacillus spp. Agar MRS Himedia (India) 37 °C/48 h Anaerobiose Yoshioka et al. (1983)
Bifidobacterium spp. Agar BIM-25 Difco (France) 37 °C/72 h Anaerobiose Munoa & Pares (1988)
Clostridium spp. Agar RCA Difco (France) 37 °C/48 h Anaerobiose Marzotto et al. (2006)
Total anaerobes Agar Standard Methods Acumedia (USA) 37 °C/48 h Anaerobiose Yoshioka et al. (1983)
Total coliforms Petrifilm™ EC plaques 3M 37 °C/48 h Aerobiose
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benefits, including the regulation of gut microbiota through the in-
crease in the population of commensal bacteria and the production of
SCFAs, as well as colon cancer prevention, decreases in the duration of
gut transit, and increases in the frequency of defecation (Anderson
et al., 2009).

The fat in goat milk is synthesized in the alveoli of the mammary
glands and involves the fatty acids present in the blood stream, which
are a product of the fermentation that occurs in the rumen. They are
composed of triglycerides and a large proportion of medium- and short-
chain fatty acids (C 4:0–C 16:0) (Jenness, 1980). The fatty acids content
in goat milk are different from those found in bovine milk, showing a
higher proportion of capric acid (C 10:0), myristic acid (C 14:0), pal-
mitic acid (C 16:0), stearic acid (C 18:0), and oleic acid (C 18:1), as well
as branched-chain fatty acids (Ceballos et al., 2009; Park, 2007).

Some components of the lipid fraction may contribute to the pre-
vention of certain diseases, in particular, cardiovascular diseases
(Haenlein, 2004). In the current study, formulation 2 was found to have
higher concentrations than formulation 1 (p ≤ 0.05) of oleic acid (C
18:1), stearic acid (C 18:0), and pentadecanoic acid (iso-C 15:0)
(Table 3). Several studies suggest that dietary oleic acid (C 18:1),
commonly known as ω-9, reduces the risk of patients developing
atherosclerosis due to its ability to decrease plasmatic cholesterol
(Besler & Grimble, 1995; Miles & Calder, 1998; Yaqoob, 1998), induces
anti-inflammatory effects in auto-immune diseases (Kremer et al., 1990;
Linos et al., 1991), decreases blood pressure (Ferrara et al., 2000), and
offer protective effects against breast cancer (Lipworth, Martínez,
Angell, Hsieh, & Trichopoulos, 1997; Martin-Moreno et al., 1994;
Simonsen et al., 1998). Oleic acid intake recommendations are based on
the recommendations for intakes of total fat (around 30% of the total
energy) and should be therefore in the range of 10–15% (Lopez-
Huertas, 2010). All formulations studied showed concentrations of oleic
acid according to the intake recommendations.

Stearic fatty acids (C 18:0) have no effect on plasmatic cholesterol;
however, once ingested, they are metabolized into oleic acid (Griinari
et al., 2000; Grummer, 1991; Matheson et al., 1996). Pentadecanoic
acid, on the other hand, is a branched-chain fatty acid (BCFAs), and

recent research suggests that its consumption is associated with certain
health benefits, including gut microbiota control and an increase in
anti-inflammatory cytokine expression (Ran-Ressler, Bae, Lawrence,
Wang, & Brenna, 2014).

Higher concentrations (p ≤ 0.05) of capric acid (C 10:0), myristic
acid (C 14:0) and palmitic acid (C 16:0) were observed in formulation
1. Capric acid is one of acids responsible for the peculiar smell of goat
milk, which is traditionally described as “goaty” (Haenlein, 2004;
Raynal-Ljutovac et al., 2008). From a nutrition point of view, myristic
acid (C 14:0) and palmitic acid (C 16:0) are undesirable, because they
are associated with an increase in plasmatic cholesterol (Grummer,
1991).

3.1.3. Total phenolic compounds and antioxidant activity
As Table 3 shows, adding grape pomace extract contributed to in-

crease the level of phenolic compounds and antioxidant activity in
formulation 2 (p ≤ 0.05). In this study, the total level of phenolic
compounds in both formulations was higher than data reported in lit-
erature on fermented milks with added grape pomace (Chouchouli
et al., 2013; dos Santos et al., 2016; Frumento et al., 2013; Karaaslan
et al., 2011). Either the addition of grape juice (which was found to
have 343.83 ± 4.35 mg GAE 100 g−1 of polyphenols) or the type of
grape used may have contributed to the higher value of phenolic
compounds found in the beverages. Manach, Hubert, Llorach, and
Scalbert (2009) suggest that daily consumption of polyphenols is
100–150 mg for the western population. In this context, both for-
mulations meet the daily consumption of polyphenols.

Other studies have also described an increase in antioxidant activity
in yogurts with addition of grape pomace extract (Chouchouli et al.,
2013; Karaaslan et al., 2011). Phenolic compounds have been attracting
growing research due to their antioxidant, anti-inflammatory and anti-
mutagenic properties. The antioxidant activity of these compounds in-
volves the property of phenols to capture the more reactive varieties of
oxygen and to inhibit the self-oxidant potential of cells (Antolovich,
Prenzler, Robards, & Ryan, 2000). Increases in oxidant stress may play a
fundamental role in the development of chronic diseases, such as heart

Table 3
Centesimal composition, fatty acid profiles, and total phenolic compounds in the formulated fermented beverages (formulations 1 and 2).

Parameter Formulation 1 Formulation 2 t (p)

pH 4.30 ± 0.01 4.31 ± 0.02 −0.63 (0.56)
Titratable acidity (g 100 g−1) 0.57 ± 0.01 0.61 ± 0.01 −3.48 (0.03)
Centesimal composition
Moisture (g 100 g−1) 81.67 ± 0.02 78.36 ± 0.06 −85.94 (< 0.01)
Ash (g 100 g−1) 0.76 ± 0.01 0.89 ± 0.01 31.84 (< 0.01)
Total nitrogen (g 100 g−1) 0.43 ± 0.01 0.47 ± 0.01 6.97 (< 0.01)
Fat (g 100 g−1) 2.39 ± 0.01 2.38 ± 0.02 −0.42 (0.70)
Total dietary fiber (g 100 g−1) 2.54 ± 0.01 3.92 ± 0.02 −131.23 (< 0.01)
Soluble fiber (g 100 g−1) 1.88 ± 0.02 2.18 ± 0.01 28.78 (< 0.01)
Insoluble fiber (g 100 g−1) 0.20 ± 0.01 0.98 ± 0.01 −95.53 (< 0.01)
Lignin (g 100 g−1) 0.45 ± 0.01 0.76 ± 0.01 −37.97 (< 0.01)
Carbohydrate (g 100 g−1) 9.96 ± 0.02 11.45 ± 0.01 −141.67 (< 0.01)
Total calories (kcal 100 g−1) 70.90 ± 0.02 94.90 ± 0.01 −2277.16 (< 0.01)

Fatty acids (g 100 g−1 fatty acid methyl esters)
Capric acid 3.93 ± 0.02 2.91 ± 0.01 79.01 (< 0.01)
Myristic acid 10.43 ± 0.02 9.75 ± 0.02 47.03 (< 0.01)
Palmitic acid 26.17 ± 0.01 25.75 ± 0.02 40.16 (< 0.01)
Stearic acid 6.10 ± 0.02 6.51 ± 0.01 −32.87 (< 0.01)
Oleic acid 31.51 ± 0.02 33.07 ± 0.02 −124.54 (< 0.01)

Branched-chain fatty acids (g 100 g−1 fatty acid methyl esters)
Iso tetradecanoic acid 0.15 ± 0.03 0.14 ± 0.01 −0.43 (0.69)
Pentadecanoic acid 1.60 ± 0.03 1.52 ± 0.02 −4.13 (0.01)
Iso pentadecanoic acid 0.34 ± 0.02 0.36 ± 0.02 −1.22 (0.29)
Anti-iso pentadecanoic acid 0.63 ± 0.01 0.61 ± 0.02 1.55 (0.20)
Iso hexadecanoic acid 0.37 ± 0.01 0.37 ± 0.01 0.00 (1.00)
Total phenolic compounds (mg GAE 100 g−1) 53.16 ± 3.14 73.52 ± 3.13 −7.96 (< 0.01)
Antioxidant activity (mmol TE g−1) 418.02 ± 16.14 743.78 ± 23.88 −15.98 (< 0.01)

Averages ± standard deviation (n = 3); Student's t-test (p ≤ 0.05).
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disease and cancer (Galleano et al., 2012; Prasain, Carlson, &Wyss,
2010).

3.2. The effect of grape-flavored probiotic fermented beverages made of goat
milk with or without added grape pomace on gut microbiota in a Simulator
of Human Intestinal Microbial Ecosystem (SHIME®)

3.2.1. Survival of L. rhamnosus and S. thermophilus under simulated
stomach and duodenum conditions in the SHIME®

Fig. 2 shows the survival of L. rhamnosus and S. thermophilus in
formulations 1 and 2 under the simulated conditions of the stomach and
duodenum in the SHIME®. The passage of formulations 1 and 2 through
the stomach-simulating reactor was not found to affect the survival
(p > 0.05) of L. rhamnosus and S. thermophilus. According to Heller
(2001), the presence of foods and food ingredients such as dietary fibers
(Sendra, Sayas-Barberá, Fernández-López, & Pérez-Alvarez, 2016) may
have a protective effect on the viability of the microorganisms during
their passage through the stomach. Besides, goat milk can be considered
a great option for the incorporation of probiotic strains (dos Santos
et al., 2016).

During the passage through the duodenum-simulating reactor, a
slight (p ≤ 0.05) reduction in L. rhamnosus survival in both formula-
tions was observed (1: 7.98 to 7.40 log CFU mL−1; 2: 7.90 to
7.51 log CFU mL−1). This behavior is typical of probiotic strains, which
are able to resist to the acidic pH of the stomach and the stress condi-
tions of the duodenum (Blanquet-Diot et al., 2012). According to Hill
et al. (2014), probiotic products should ideally contain 109 CFU of the
probiotic strain per portion of food in order to obtain a reasonable
expectation of benefits to the host's wellbeing. Tuo et al. (2013) de-
scribed that strains of L. rhamnosus were capable of surviving gastro-
intestinal conditions and adhering to Caco-2 cells. Other studies have
reported that the strain L. rhamnosus GR-1 survived to stomach condi-
tions and to the presence of bile salts, and was capable of colonizing the
human intestine for several weeks; the strain was also capable of re-
ducing urinary tract infections and restoring urogenital microbiota
(Cadieux et al., 2002; Reid et al., 2001; Reid & Bruce, 2003).

S. thermophilus is a strain that is commonly used as a starter culture
in the production of fermented milks, such as yogurts and cheeses. This
microorganism is responsible for accelerating of the fermentation pro-
cess through the production of lactic acid and secondary metabolites,
which contribute to the sensory properties of fermented products (Uriot
et al., 2016).

A significant decrease in S. thermophilus populations was expected

after passage through the simulated duodenum conditions. However, a
small (p ≤ 0.05) decrease in the survival of this microorganism was
observed for both beverages (1: 7.89 to 6.78 log CFU mL−1; 2: 7.63 to
7.07 log CFU mL−1). Uriot et al. (2016) observed an intense decrease in
the population of four S. thermophilus strains tested in isolation after
their passages through the simulated duodenum conditions in a dy-
namic in vitromodel (TIM). This decrease was likely due to the presence
of bile salts, which affect phospholipids and proteins of the cellular
membrane (Fang, Lai, & Chou, 2013). The results obtained in this study
showed that the tested food matrices protected both microorganisms
present, which were a probiotic and a starter culture.

3.2.2. Microbiological analysis of the SHIME® samples
Table 4 presents the impact of treatments 1 and 2 on the populations

of Lactobacillus spp., Bifidobacterium spp., Clostridium spp., total anae-
robes and total coliform in the reactors simulating the three portions of
the colon (AC, DC, and TC).

In the reactor simulating the AC, all bacterial populations analyzed
reduced (p ≤ 0.05) during treatment 1 (fermented milk + grape juice).
Meanwhile, in the reactor that simulating the TC, there were reductions
(p ≤ 0.05) in the Clostridium spp. and total anaerobes population. In the
reactor simulating the DC, there was an increase (p ≤ 0.05) in
Lactobacillus spp. and Bifidobacterium spp. populations and a decrease
(p ≤ 0.05) in total anaerobes microorganisms.

In treatment 2 (fermented milk + grape pomace extract + grape
juice), an increase (p≤ 0.05) in Lactobacillus spp. and Clostridium spp.
were found in the reactor simulating the AC. An increase (p ≤ 0.05) in
the Lactobacillus spp. population was observed only in the reactor si-
mulating the TC. Increases (p ≤ 0.05) in Lactobacillus spp. and
Bifidobacterium spp. populations were observed in the reactor simu-
lating the DC.

Recent studies suggest that foods rich in phenolic compounds may
influence the gut microbiota composition and activity by stimulating or
inhibiting specific bacterial groups (Boto-Ordóñez et al., 2014; Espley
et al., 2014; Faria, Fernandes, Norberto, Mateus, & Calhau, 2014;
Tabasco et al., 2011). In addition, when present in the colon, these
compounds may be metabolized by the resident microbiota producing
biologically active metabolites (Van Duynhoven et al., 2011). Sánchez-
Patán et al. (2015) observed decreases in Lactobacillus spp., Bifido-
bacterium spp., and Clostridium leptum populations after 48 h of in-
cubation with grape seed extract in the SHIME® model. Barroso et al.
(2014) also reported decreases (p≤ 0.05) in Lactobacillus spp. and Bi-
fidobacterium spp. populations after one week of treatment with red

Fig. 2. Survival of L. rhamnosus and S. thermophilus before and after the incubation in the reactors simulating the stomach and duodenum. Quantified by plate counts and expressed as
CFU log mL−1; Controls 1 and 2: carbohydrate-based medium; treatment 1: carbohydrate-based medium + fermented milk + grape juice; treatment 2: carbohydrate-based medium
+ fermented milk + grape pomace extract + grape juice. Different letters presented different results in the Tukey test (p≤ 0.05) between the formulated beverages before and after the
passage through the reactors simulating the stomach and the duodenum.
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wine polyphenols in a SHIME® model. Cueva et al. (2013) observed a
decrease in the Clostridium histolyticum population after in vitro fer-
mentation of flavonoids from grape seeds in a fermentation model using
fecal batch-cultures.

In this study, only treatment 2 had a positive influence on the po-
pulation of beneficial bacteria present in the colon (Lactobacillus spp.
and Bifidobacterium spp.). This effect may be attributed to the higher
amounts of fibers, stearic acid, oleic acid, pentadecanoic acid, and
phenolic compounds, as well as the antioxidant activity present in this
formulation.

DGGE analysis on total bacteria was used to evaluate the qualitative

changes that potentially occurred within the microbial community
during the treatment periods (Fig. 3). The data is presented as a cluster
analysis conducted on a composite dataset of the one gel using the
unweighted pair group with mathematical averages (UPGMA) and
distance matrices of each DGGE gel based on the Pearson correlation
similarity coefficients.

The cluster analysis in all reactors simulating the different regions of
the colon resulted in two distinct clusters (cluster 1: control 1; cluster 2:
treatment 1, control 2 and treatment 2). The treatment 1 altered the
total bacteria population during control period 1. However, treatment 1
and control 2 showed high similarity in all reactors simulating the

Table 4
Microbial counts (CFU log mL−1) of bacteria from different genera in the reactors simulating the ascending colon (AC), transversal colon (TC), and descending colon (DC) during the
experimental period.

Genus Experimental Period AC t (p) TC t (p) DC t (p)

Lactobacillus spp. Control 1 8.54 ± 0.03 4.76 (0.04) 7.84 ± 0.02 −1.15 (0.37) 7.30 ± 0.15 −6.79 (0.02)
Treatment 1 7.77 ± 0.26 7.92 ± 0.10 7.81 ± 0.02
Control 2 8.23 ± 0.28 −6.81 (0.02) 7.57 ± 0.05 −14.26 (< 0.01) 7.08 ± 0.03 −15.16 (< 0.01)
Treatment 2 8.45 ± 0.22 8.02 ± 0.10 7.78 ± 0.05

Bifidobacterium spp. Control 1 8.10 ± 0.03 15.59 (< 0.01) 7.63 ± 0.16 0.22 (0.85) 7.16 ± 0.05 −14.24 (< 0.01)
Treatment 1 7.92 ± 0.01 7.59 ± 0.12 7.75 ± 0.03
Control 2 8.18 ± 0.13 −2.81 (0.10) 7.39 ± 0.21 −3.10 (0.09) 6.96 ± 0.12 −8.73 (0.01)
Treatment 2 8.31 ± 0.21 7.90 ± 0.07 7.71 ± 0.03

Clostridium spp. Control 1 8.69 ± 0.09 20.04 (< 0.01) 8.23 ± 0.01 60.84 (< 0.01) 8.24 ± 0.29 2.29 (0.15)
Treatment 1 8.15 ± 0.05 7.89 ± 0.02 7.80 ± 0.03
Control 2 8.37 ± 0.05 −5.59 (0.03) 7.94 ± 0.33 −0.25 (0.83) 7.49 ± 0.41 −0.21 (0.85)
Treatment 2 8.50 ± 0.09 8.00 ± 0.12 7.54 ± 0.02

Total anaerobes Control 1 8.94 ± 0.03 13.82 (0.01) 8.47 ± 0.06 13.25 (0.01) 8.34 ± 0.20 5.11 (0.04)
Treatment 1 7.98 ± 0.15 7.83 ± 0.03 7.80 ± 0.02
Control 2 8.94 ± 0.36 0.74 (0.53) 8.08 ± 0.43 0.02 (0.99) 7.72 ± 0.25 −0.40 (0.73)
Treatment 2 8.70 ± 0.21 8.07 ± 0.15 7.78 ± 0.01

Total coliforms Control 1 8.08 ± 0.07 5.57 (0.03) 7.65 ± 0.01 4.00 (0.06) 7.52 ± 0.12 2.84 (0.11)
Treatment 1 6.22 ± 0.50 6.06 ± 0.70 6.13 ± 0.73
Control 2 7.86 ± 0.91 1.49 (0.27) 7.14 ± 0.92 1.15 (0.37) 6.82 ± 0.66 1.30 (0.32)
Treatment 2 6.79 ± 0.34 6.25 ± 0.42 6.02 ± 0.41

Averages ± standard deviation (n = 6); Student's t-test (p ≤ 0.05).
Controls 1 and 2: carbohydrate-based medium; treatment 1: carbohydrate-based medium + fermented milk + grape juice; treatment 2: carbohydrate-based medium + fermented milk
+ grape pomace extract + grape juice.

Fig. 3. Denaturing gradient gel electrophoresis
(DGGE) of the total bacteria profiles in the reactors
simulating the ascending colon (AC), transversal colon
(TC), and descending colon (DC) during the experi-
mental period. Controls 1 and 2: carbohydrate-based
medium; treatment 1: carbohydrate-based medium
+ fermented milk + grape juice; treatment 2: carbo-
hydrate-based medium + fermented milk + grape
pomace extract + grape juice.
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different regions of the colon (AC, DC, and TC). The long-term ad-
ministrations of the treatments induced a change toward the develop-
ment of a new community structure.

The effect of the treatments on the structure of the total microbial
community in the SHIME® system was investigated based on the in-
terpretation of general bacterial DGGE fingerprints, according to a
Marzorati et al. (2008). Fig. 4 shows the level of richness (Rr) of the
total bacteria population in the reactors simulating the AC, TC, and DC
during the experimental period. All the colon reactors presented Rr
values over 30. According to Marzorati et al. (2008), richness values
below 10 represent environments of restricted colonization. However,
values between 10 and 30 correspond to a microbial community of
medium richness. Values above 30 represent a microbial community of
great diversity typical of a very inhabitable environment. According to
this classification, it is possible to state that all of the colon simulation
reactors used herein presented an environment of high richness
(Rr > 30). Ecological interpretation of general bacterial DGGE fin-
gerprints (Marzorati et al., 2008) showed a reduction in Rr during the
treatment periods 1 and 2 in relation to respective control periods,
except between the control period 2 and treatment 2 in the reactor
simulating the TC. Kemperman et al. (2013) suggest that the poly-
phenols in red wine extract may have an impact on the composition of
total bacteria. These authors showed that the polyphenols in red wine
stimulated the growth of some bacterial genera, such as Klebsiella,
Alistipes, Cloacibacillus, Victivallis, and Akkermansia. However, popula-
tions of other genera decreased, including Bifidobacteria, B. coccoides,
Anaeroglobus, Subdoligranulum and Bacteroides. Moreover, these authors
also reported that some specific groups of bacteria may be vulnerable to
the presence of these compounds, while other groups are not affected or
even stimulated, thus rendering them more frequent in the microbial
community after the consumption of red wine polyphenols.

In terms of the structure and functionality of the bacterial com-
munities, all of the reactors simulating the colon (AC, TC, and DC)
presented values close to 45% on the Pareto-Lorenz curve (Fig. 5).
According to Marzorati et al. (2008), points close to a Pareto-Lorenz
curve of 45% reflect low uniformity of the microbial community, with
most species being dominant. This configuration is commonly described
as a well-balanced population of bacteria, with great potential to handle
environmental alterations while remaining functional. Similar results
were obtained by Sivieri et al. (2014) and Possemiers et al. (2010).

3.2.3. Ammonium (NH4
+) and short- and branched-chain fatty acids

(SCFAs and BCFAs) analysis
NH4

+ corresponds to one of the metabolites resulting from protein
fermentation by intestinal bacteria. The fermented beverages for-
mulated herein presented approximately 2.6% protein content.
Nonetheless, a reduction (p ≤ 0.05) in the production of NH4

+ was
observed in all the reactors simulating the regions of the colon (AC, TC,
and DC) during treatment periods 1 and 2 (Table 5). Most NH4

+ are
absorbed in the colon, metabolized into urea in the liver, and excreted
in urine. NH4

+ can alter the morphology of intestinal cells and promote
carcinogenesis in the colon (Scott et al., 2013).

SCFAs are produced by the microbiota as a result of the fermenta-
tion of compounds that are not digestible by the gastrointestinal tract.
These acids possess< 6 atoms of carbon and can have linear or bran-
ched chains. They are produced by the fermentation of carbohydrates
ingested from food. However, the breaking-down of proteins can also
result in branched chain fatty acids (BCFAs), such as isobutyrate, iso-
valerate, and 2-methyl butyrate, thus contributing to 5% of total SCFA
production (Ríos-Covián et al., 2016).

In this study, increases (p ≤ 0.05) in acetic acid and butyric acid
were observed in all reactors simulating the different regions of the
colon during treatment periods 1 and 2 (Table 6). However, propionic
acid decreased (p≤ 0.05) during treatment period 1, and a significant
increase was observed during treatment period 2 in all colon reactors.

A substantial increase in SCFAs was observed during the treatment
period 2. This increase may be attributed to the fibers present in grape
pomace extract, since they are a source of carbon and can be metabo-
lized by intestinal bacteria of the genera Lactobacillus spp. and
Bifidobacterium spp. (Fernández et al., 2016). In this context, the
treatment 2 showed an increase (p≤ 0.05) of Lactobacillus spp. and
Bifidobacterium spp. (Table 4). Similar results were observed by Sivieri
et al. (2014) in their study of the prebiotic effect of fruit oligo-
saccharides on gut microbiota using a SHIME® model.

Some health benefits are attributed to SCFAs. They include de-
creases in luminal pH (which can inhibit pathogenic microorganisms
and increase nutrient absorption), increases in mucin production
(which modifies the adhesion of bacteria to intestinal cells) and a sti-
mulation of cellular proliferation in the intestinal epithelium (Ríos-
Covián et al., 2016). Acetic acid is the most abundant SCFA in the
colon, being responsible for provide energy to cells and induce cho-
lesterol synthesis (Hijova & Chmelarova, 2007). Butyric acid is the most

Fig. 4. Richness level (Rr) of total bacteria populations in the reactors simulating the ascending colon (AC), transversal colon (TC), and descending colon (DC) during the experimental
period. Controls 1 and 2: carbohydrate-based medium; treatment 1: carbohydrate-based medium + fermented milk + grape juice; treatment 2: carbohydrate-based medium + fer-
mented milk + grape pomace extract + grape juice.
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important metabolite produced in the colon; it is the main source of
energy for the colonocytes, stimulates visceral blood flow, contributes
to sodium and water absorption, besides presenting anti-inflammatory
and anti-carcinogenic properties (Montalto, D'onofrio, Gallo,
Cazzato, & Gasbarrini, 2009; Mortensen & Clausen, 1996). Propionic
acid is responsible for reducing lipogenesis and inhibiting the serum
cholesterol synthesis (Hijova & Chmelarova, 2007; Hosseini, Grootaert,

Verstraete, & Van de Wiele, 2011).
The production of SCFAs observed in this study may have also been

influenced by the degradation of phenolic compounds present in the
grape pomace extract and grape juice. According to Tuohy, Conterno,
Gasperotti, and Viola (2012), gut microbiota can hydrolyze complex
phenolic compounds in smaller compounds, thus producing SCFAs.
Schneider, Schwiertz, Collins, and Blaut (1999) and Schoefer, Mohan,
Schwiertz, et al. (2003) observed that some colon bacteria isolated from
human feces used flavonoids as an energy source, thus releasing butyric
acid. Bravo, Abia, Eastwood, and Saura-Calixtol (1994) observed that
tannic acid and catechins were degraded by the gut microbiota during
the fermentation process, producing butyric acid in an in vitro fer-
mentation model inoculated with rat feces.

There was no difference (p > 0.05) in BCFAs levels between the
control periods and respective treatment periods. Studies suggest that
BCFAs may have a regulatory effect and may increase anti-in-
flammatory cytokine expression (Ran-Ressler et al., 2014). Other stu-
dies have reported that BCFAs induce apoptosis in breast cancer cells
and inhibit the growth of tumors in animal models (Wongtangtintharn,
Oku, Iwasaki, & Toda, 2004; Yang et al., 2000).

3.2.4. Antioxidant capacity of SHIME® samples
Fig. 6 presents the antioxidant capacity of the samples collected

from the reactors simulating the three regions of the colon (AC, TC, and
DC) during both treatment periods. All of the reactors exhibited higher
(p ≤ 0.05) antioxidant capacity in treatment periods 1 and 2 when
compared to the respective control periods. Duque, Monteiro, Adorno,
Sakamoto, and Sivieri (2016) analyzed the effect of orange juice con-
sumption on gut microbiota using a SHIME® model. The authors ob-
served the same behavior in the antioxidant capacity during the treat-
ment and control periods.

Studies suggest that long term consumption of fruits and vegetables
plays a central role in the prevention at many chronic diseases
(Pandey & Rizvi, 2009; Sun, Chu, Wu, & Liu, 2002). In the gastro-
intestinal tract, these health-protective effects are partially attributed to
their antioxidant properties (Halliwell, Zhao, &Whiteman, 2000),
which have been associated with their high phytochemical (phenolic
compounds) and antioxidant dietary fiber contents. The result obtained
in this study suggests that most of the phenolic compounds present both
in grape pomace extract and in grape juice were available in the re-
actors simulating the colon for fermentation by intestinal microbiota.

3.3. Principal component analysis (PCA)

A PCA was performed throughout the experimental period in the
SHIME®, and the components explained 83.78% of the total variation of
results (Fig. 7A). Principal component 1 explained 50.05% of data
analyzed and was described by the production of acetic acid and butyric
acid, antioxidant capacity and Lactobacillus spp. and Bifidobacterium
spp. populations.

Principal component 2 explained 33.73% of the total variation of
results and was described by Clostridium populations, total coliforms,
propionic acid, and NH4+ production.

Fig. 7B shows that the control and treatment periods were grouped
in two distinct clusters. The treatment periods were described by in-
creases in acetic acid and butyric acid production, antioxidant activity,
and Lactobacillus spp. and Bifidobacterium spp. populations. Meanwhile,
the control periods were described by the increase in Clostridium spp.
populations and in the total coliforms, as well as by the production of
propionic acid and NH4+ ions.

These results suggest that both treatment periods had a positive
effect on gut microbiota, since they allowed for positive metabolic
changes in the different regions simulating the colon (AC, TC, and DC).

Fig. 5. Pareto-Lorenz curve of the reactors simulating the ascending colon (AC), trans-
versal colon (TC), and descending colon (DC) during the experimental period. Controls 1
and 2: carbohydrate-based medium; treatment 1: carbohydrate-based medium + fer-
mented milk + grape juice; treatment 2: carbohydrate-based medium + fermented milk
+ grape pomace extract + grape juice.
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4. Conclusion

Foods comprised of different types of bioactive compounds may be
considered “multifunctional foods.” The results observed in this study
demonstrated that probiotic fermented beverages made of goat milk
and grape juice, with or without grape pomace extract, had high
amounts of dietary fiber, oleic acid and phenolic compounds content,
which are considered biologically active. The beverages had a protec-
tive effect on L. rhamnosus and S. thermophilus microorganisms during

their passage through the gastrointestinal tract, and were also found to
have a positive effect on gut microbiota. They altered the composition
of the microbial structure and improved bacterial metabolism in the
different regions simulating the colon. In summary, the beverages for-
mulated in this study can be considered a multifunctional food and offer
a new perspective for the production of foods with potential positive
effects on human health.

Table 5
Concentration of NH4

+ (mmol/L) in the reactors simulating the ascending colon (AC), transversal colon (TC), and descending colon (DC) during the experimental period.

Experimental period AC t (p) TC t (p) DC t (p)

Control 1 20.71 ± 0.23 21.23 ± 0.06 17.07 ± 0.06
Treatment 1 12.12 ± 0.12 97.23 (< 0.01) 9.41 ± 0.47 39.60 (< 0.01) 9.33 ± 0.31 36.35 (< 0.01)
Control 2 12.88 ± 0.03 16.11 ± 0.09 20.32 ± 0.09
Treatment 2 3.70 ± 0.04 322.21 (< 0.01) 3.59 ± 0.05 233.45 (< 0.01) 8.87 ± 0.06 617.30 (< 0.01)

Averages ± standard deviation (n = 3); Student's t-test (p ≤ 0.05).
Controls 1 and 2: carbohydrate-based medium; treatment 1: carbohydrate-based medium + fermented milk + grape juice; treatment 2: carbohydrate-based medium + fermented milk
+ grape pomace extract + grape juice.

Table 6
Concentration (mmol/L) of short-chain fatty acids (SCFAs) and branched-chain fatty acids (BCFAs) in the reactors that simulate the ascending colon (AC), transversal colon (TC), and
descending colon (DC) during the experimental period.

Experimental period AC t (p) TC t (p) DC t (p)

Acetic acid Control 1 69.27 ± 5.82 −4.50 (0.05) 77.80 ± 6.03 −7.19 (0.02) 73.73 ± 5.72 −11.39 (0.01)
Treatment 1 112.75 ± 10.94 158.17 ± 13.33 165.75 ± 8.33
Control 2 40.16 ± 0.96 −27.51 (< 0.01) 48.51 ± 2.66 −13.99 (0.01) 42.55 ± 3.34 −53.63 (< 0.01)
Treatment 2 101.62 ± 2.92 157.02 ± 10.78 168.73 ± 0.74

Propionic acid Control 1 15.83 ± 4.16 0.54 (0.64) 20.82 ± 2.62 3.50 (0.07) 17.25 ± 0.45 25.44 (< 0.01)
Treatment 1 13.88 ± 2.10 12.22 ± 1.64 10.20 ± 0.04
Control 2 7.54 ± 0.86 −4.40 (0.05) 6.29 ± 0.07 −9.32 (0.01) 7.11 ± 1.05 −5.45 (0.03)
Treatment 2 16.12 ± 2.53 15.36 ± 1.62 10.54 ± 0.04

Butyric acid Control 1 12.85 ± 4.91 −7.82 (0.02) 7.63 ± 1.50 −5.00 (0.04) 2.84 ± 0.03 −33.81 (< 0.01)
Treatment 1 24.38 ± 2.35 33.79 ± 7.57 30.36 ± 1.38
Control 2 10.72 ± 1.51 −5.50 (0.03) 13.72 ± 0.66 −23.29 (< 0.01) 9.85 ± 0.91 −7.11 (0.02)
Treatment 2 45.30 ± 9.39 36.85 ± 2.38 28.95 ± 5.56

Total BCFAs Control 1 2.57 ± 0.20 0.48 (0.67) 2.39 ± 0.10 0.13 (0.91) 2.66 ± 0.41 1.15 (0.33)
Treatment 1 2.49 ± 0.24 2.38 ± 0.30 2.40 ± 0.19
Control 2 2.31 ± 0.14 −0.55 (0.62) 2.30 ± 0.15 −0.68 (0.55) 2.71 ± 0.54 2.00 (0.14)
Treatment 2 2.39 ± 0.17 2.39 ± 0.23 2.17 ± 0.15

Averages ± standard deviation (n = 3); Student's t-test (p ≤ 0.05).
Controls 1 and 2: carbohydrate-based medium; treatment 1: carbohydrate-based medium + fermented milk + grape juice; treatment 2: carbohydrate-based medium + fermented milk
+ grape pomace extract + grape juice.

Fig. 6. Antioxidant capacity of the reactors simulating
the ascending colon (AC), transversal colon (TC), and
descending colon (DC) during the experimental
period. Controls 1 and 2: carbohydrate-based medium;
treatment 1: carbohydrate-based medium + fer-
mented milk + grape juice; treatment 2: carbohy-
drate-based medium + fermented milk + grape po-
mace extract + grape juice. Averages with * have
significantly different values on Student's t-test
(p≤ 0.05) in control period 1 versus treatment period
1 and in control period 2 versus treatment 2 in the
different reactors.
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