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Abstract: Lees are a winery by-product with a fiber-rich composition that could have a potential
prebiotic effect on gut microbiota. Prebiotics cannot be digested by humans but can be used by
bacteria found in the large intestine. To evaluate the potential prebiotic effect of lees, they were
administered to Wistar rats for 14 days. Feces were collected daily, and DNA was extracted and
analyzed by shot gun sequencing. The supplementation with lees did not affect weight, food intake,
or water consumption of the studied rats. It was found that lees promoted the increase of relative
abundance of probiotic bacteria belonging to the Lactobacillaceae family, as well as other potentially
probiotic species such as Blautia hansenii, Roseburia intestinalis, and Ruminococcus obeum. Moreover,
lees supplementation also reduced the abundance of certain pathogenic bacteria. In conclusion, lees
can improve the presence of beneficial bacteria in the gastrointestinal tract and can be re-valorized as
a new ingredient in food formulation.
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1. Introduction

Prebiotics are non-digestible ingredients for humans, such as dietary fiber, that can
stimulate the growth and/or metabolic activity of a healthy gut microbiota [1-3]. In fact,
the large intestine is one of the human body organs with the greatest microbial diversity,
with over 1000 bacterial species and with a concentration of 1011-10'2 UFC/ g [4]. In that
regard, when dietary soluble fiber arrives to the colon, it is fermented by the gut microbiota,
producing short chain fatty acids (SCFA), such as acetic, butyric, and propionic acids [5].
The SCFA are absorbed into the blood stream and are transported to different organs
and tissues such as the brain, muscles, or liver, where they can induce several positive
effects. For instance, butyrate is the preferred energy source for the intestinal mucosa, while
propionate contributes to gluconeogenesis in the liver [4,6]. Moreover, dietary fiber also
contains bioactive compounds that can increase antioxidant activity [7].

Since dietary fiber has a positive effect on human health, the European Food Safety
Authority (EFSA) recommends an intake of 25 g of fiber per day [8]. Among the health
benefits of fiber are the prevention of cardiovascular diseases, hypertension, diabetes, and
obesity [9,10]. Furthermore, it contributes to improving the activity of the gastrointestinal
tract, satiety, and the modulation of the immune response of the intestinal mucosa [10,11].
Finally, dietary fiber can reduce the glycemic response and the blood cholesterol levels,
which are a risk factor in cardiovascular diseases [9,12].
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Dietary fiber comes from numerous sources (cereals, fruits, and vegetables); however,
due to the eating habits of the population, it is hard to achieve EFSA’s goal [8]. In fact,
most European countries do not reach the minimum of 25 g/day of dietary fiber intake, the
mean being 19.6 g/day [13]. This results in the need to find alternative sources of fiber [9].
Recently, there has been a growing interest in the composition of several by-products and
their possible re-valorization [5,14-17]. In that regard, wine lees have been described as a
source of fiber and antioxidant compounds [5].

Cava lees are a sparkling wine by-product obtained after the second fermentation of
wine. Lees are rich in fiber, as well as proteins and polyphenols [5,9], but are considered
a waste with no added value. In fact, the consumption of sparkling wine in 2021 was
around 11.1 mhL worldwide [18], where each bottle contains approximately 1 g of lees,
being a total of 300 tons per year of such by-product (25% of the total waste generated
by the wine industry) [19]. Such a volume of waste must be managed, as it not only
represents an economic impact for the industry but also has an important effect on the
environment. Therefore, there is an increasing tendency to reduce waste production by
valorizing by-products and re-introducing them into the production cycle.

In that regard, the valorization of lees has been studied by different research groups.
They have been tested in vitro to improve the viability of certain lactic acid bacteria (LAB)
with probiotic characteristics [20] and have been described as active against food pathogens
(Listeria monocytogenes and Salmonella spp.) [21]. Also, wine lees have been proposed
as an alternative source of antioxidants for meat [22] and as an emulsion stabilizer [23].
Moreover, our research group has studied a potential re-valorization of Cava lees as a new
ingredient in sourdough and bread, improving the growth and survival of the fermenting
microbiota [24,25].

Therefore, if Cava lees are included in food formulation, given their composition, they
can contribute to fiber intake and reaching the daily recommended intake value. To that
end, the aim of this preliminary study was to evaluate the food safety and the potential
prebiotic effect of Cava lees on the intestinal microbiota in an animal model.

2. Materials and Methods
2.1. Ethical Approval

Ethical approval for this study was provided by the Bioethics Committee of the
University of Barcelona (IRB00003099).

2.2. Study Design

All experimental procedures were performed according to the Directive 2010/63/EU
of the European Parliament on the protection of animals used for scientific purposes. The
study was carried out with 24 Wistar rats (RjHan:Wi, Janvier Lab, Le Genest-Saint-Isle,
France) (Table 1). At the start of the study, rats were approximately 7-8 weeks old. At least
5 days of acclimatization were allowed under test conditions between animal arrival and
the start of treatment.

Table 1. Experimental design describing the two tested diets (control and lees diet).

G Lees Dose Administered Animal Number
roup Label (mg/kg/Day)  Volume (mL/kg/Day) Male Female

1 Control 0 10 1-6 7-12

2 Lees 20001 10 13-18 19-24

! Safety factor equivalent to 15 times the recommended dose.

A daily dose of 3 x 10° lees cells/kg body weight was administered by gavage (lees
diet) for 14 days. The test item (Cava lees) was weighed and prepared daily, in 0.5% aqueous
solution of carboxymethyl cellulose (CMC) (w/v) (CAS Num.: 9004-32-4; Ref.: 144441.1209,
Panreac), before administration. Animals with a Control diet were administered only the
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aqueous solution of CMC. Irradiated certified laboratory dry diet RM1(P) (Ref.: 801151;
Dietex SDS, Argenteuil, France) was offered with unlimited supply, and autoclaved water
was offered ad libitum.

Throughout the entire study, animal weight was controlled, as well as food and water
intake and any clinic symptoms. During the dietary intervention, feces samples were
collected daily to evaluate the prebiotic effect of Cava lees. Animals were subjected to
hematological, chemical, and immunological blood analyses at the beginning and end of
the treatment (14 days). At the end of the study, the animals were sacrificed to perform a
necropsy, a macroscopic examination, and the collection of organs and tissues.

2.3. Intestinal Microbiota Extraction and Analysis

Bacterial DNA was isolated from feces samples using a QlAamp PowerFecal DNA
Kit (Ref.: 12830-50, QIAGEN, Germantown, MD, USA), following the manufacturer’s
instructions. DNA concentration was measured by BioDrop uLite (Biotech, Madrid, Spain).
To analyze the microbial composition, shot gun sequencing was performed on the Illumina
MiSeq (Illumina Inc., San Diego, CA, USA) platform by the Genomic and Bioinformatic
Service of the Universitat Autonoma de Barcelona. Then, bioinformatics analysis of the
microbial composition was performed using the software MG-RAST version 4.04 [26] and
QIIME 2 version 2022.2 [27].

2.4. Statistic Analysis

Statistical analysis was performed using Prism 9 v.9.1.2 (225) (GraphPad Software,
LLC,, San Diego, CA, USA). Differences in the microbiota composition between groups
were analyzed by the Kruskal-Wallis test for non-parametric data. Alpha diversity was
measured by the Shannon index and evenness, and, for beta diversity, a Bray—Curtis
dissimilarity analysis was performed and visualized using a principal coordinates analysis
(PCoA). Differences were considered significant with a p-value < 0.05.

3. Results and Discussion
3.1. Effect of Cava Lees on Body Weght, Food Intake and Organs of Rats

Throughout the study (14 days), weight and food and water intake data were registered
daily (Figure 1). There were no significant differences in weight gain between the two
groups (Figure 1a), nor regarding food intake or water consumption (Figure 1b). At the
beginning of the study, rats in the control group weighted 273.2 £ 64.5 g; at the end, the
weight was around 317.6 & 96.0 g. Regarding the lees diet group, at first, the animals
weighted 268.9 & 56.9 g and, at the end, the rats” weight was 315.7 &= 88.9 g, showing no
statistically significant differences between groups.
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Figure 1. Rats’ body weight gain and daily food and water intake according to the dietary intervention
(control or lees diet): (a) body weight gain of rats; (b) food and water consumption by rats.
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Once the study was finished, animals were sacrificed, and their organs were removed.
In general, there were no statistically significant differences regarding the organ (thymus,
liver, spleen, and kidneys) weight of the two animal groups (Table 2). In fact, most organs
showed a tendency to a higher weight in rats with a control diet. Nevertheless, rats with a
lees diet presented a slight increase in spleen weight, although it was not significant. The
spleen is a peripheric lymphoid organ that plays a key role in the immune response of a
healthy body [28,29]. Therefore, changes in its volume and structure could have a direct
impact on the immunity and resistance of the rat [28]. Even though an increase in spleen
weight has been related to obesity [29], the data obtained in this study regarding spleen
values of both control and lees diet rats match those of healthy rats [28,29].

Table 2. Weight (g) of different organs (thymus, liver, spleen, and kidneys) of rats according to diet
(control or lees). Values are mean =+ standard deviation.

Organ Control Diet Lees Diet p-Value
Thymus 0.73 +£0.14 0.68 +0.10 0.398

Liver 1191 +£3.71 11.21 +3.68 0.650

Spleen 0.82 £0.17 0.94 £0.24 0.158
Kidneys 2.11 4+ 0.59 2.06 +0.45 0.802

Finally, no signs of necrosis nor other adverse effects were seen in the study of acute tox-
icity between the rats fed with lees and the controls. The observational parameters/general
measurements (weight, food and water intake) hematology, biochemistry, histopathology,
necropsy, and immunogenicity did not reflect significant differences between the control
groups and the mixed trials (data not shown).

3.2. Effect of Cava Lees on Gut Microbiota Composition

Gut microbial composition of animals with both control and lees diet was analyzed and
compared at the phylum, family, genus, and species levels. At the beginning of the study,
the gut microbiota of both groups had a similar profile (p > 0.05). Overall, 5 phylum, 20
families, 88 genus, and 204 species were found with a relative abundance greater than 1%.

At a phylum level, Bacteroidetes (26%) and Firmicutes (68%) were the dominant
bacteria in both groups. After the 14-day diet intervention, those were still the dominant
phylum, although there was a shift in rats with a lees diet, where Bacteroidetes represented
17% and Firmicutes 75% (23% and 66% respectively in control rats), significant changes
relative to the control group (p < 0.05). In general, bacteria belonging to the phylum
Firmicutes produce more butyrate, while the ones corresponding to Bacteroidetes phylum
mainly produce acetate and propionate [30-32]. In that regard, butyrate is considered a
health promoter since it can increase insulin sensitivity, has anti-inflammatory activity, and
regulates the energetic metabolism [30].

On the other hand, propionate and acetate act in different organs and tissues. For
instance, the former stimulates GLP-1 and PYY release by L-entero-endocrine cells, which
results in the inhibition of appetite (colon) and participates in hepatic gluconeogenesis,
lowering the expression of enzymes related to the synthesis of fatty acids and cholesterol
(liver) [30,31]; whereas the latter, acetate, stimulates the synthesis of lipids contributing to
dyslipidemia (liver) and activates the parasympathetic nervous system (brain) by promot-
ing insulin and gastric mucosa secretions (pancreas) [30,32].

Firmicutes include the families Lachnospiraceae, Lactobacillaceae, and Ruminococcaceae,
among others. Table 3 shows the differences in the relative abundance of these families
found between the control and lees group.
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Table 3. Differences regarding relative abundance (%) of bacteria from the phylum Firmicutes
between rats with control and lees diet. Values are mean + standard deviation.

Family Control Diet Lees Diet p-Value
Lachnospiraceae 10.87 £1.91 1522 £1.87 0.02
Lactobacillaceae 9.71 £ 0.83 11.71 £ 1.09 0.03
Ruminococcaceae 8.55 + 1.53 11.00 £ 1.02 0.02

Bacteria classified as Lachnospiraceae, Lactobacillaceae, and Ruminococcaceae are able
to hydrolyze starch and other polysaccharides (e.g., inulin), and produce SCFA such as
butyrate [33,34]. In the present study, the relative abundance of such bacteria increased
significantly in the animals with a lees diet. In fact, Zhang et al. (2017) [35] reported
that, in mice fed with a pomegranate extract (rich in polyphenols), the abundance of
Ruminococcaceae increased and Clostridiaceae decreased. It has been reported that wine lees
are rich in bioactive compounds such as polyphenols [9,23]. Moreover, Ruminococcaceae
bacteria are responsible for the degradation of several polysaccharides and fibers, and are
related to the prevention of hepatitis (alcoholic and non-alcoholic), hepatic encephalopathy,
and an increase in intestinal permeability [36].

Lachnospiraceae bacteria found in the human intestine mainly belong to the genus
Blautia, Coprococcus, Dorea, Lachnospira, Oribacterium, and Roseburia [33]. It was found that
Blautia hansenii, Ruminococcus obeum, and Roseburia intestinalis increased significantly with
the intake of Cava lees (Figure 2). In this sense, Guo et al. (2017) [37] studied the possible
prebiotic effect of polyphenols from green tea to reduce induced obesity in mice with a
high-fat diet. They focused on the gut microbiota composition as well as the bacterial
metabolic products, finding a positive correlation between an increase in Roseburia and
the production of butyrate in mice fed with polyphenols from green tea. That increase in
SCFA production could be related to the prevention of opportunistic pathogens and colon
diseases by favoring the growth of commensal bacteria [37,38]. Furthermore, it has been
observed that certain species of Blautia present antimicrobial activity against pathogens
such as Clostridium perfringens, which makes them potential probiotics that benefit the
host [39].

Blautia hansenii Ruminococcus obeum Roseburia intestinalis
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Figure 2. Differences in relative abundance (%) of potentially probiotic bacteria between animals
with control and lees diet. Significant differences between groups are indicated with asterisks (*): (a)
Blautia hansenii; (b) Ruminococcus obeum; (c) Roseburia intestinalis.

Nonetheless, Oliver et al. (2021) [40] reported a negative correlation between the
relative abundance of Roseburia and Ruminococcus, and Bifidobacterium, suggesting a neg-
ative interaction between species from these taxa. Indeed, they observed a decrease in
Bifidobacterium in animals with dietary fiber intake (2.7%) versus control (4.7%), while
there was an increase in Roseburia (8.3%—Ilees; 3.9% control) and Ruminoccocus (8.9%—Ilees;
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5.8%—control). As a matter of fact, Bifidobacterium participate in cross-feeding with other
bacteria that produce butyrate and release oligo- and mono-saccharides from more com-
plex substrates [34]. We observed a lower abundance of Bifidobacterium in rats with lees
supplementation, although it was not significant.

Finally, various species of the family Lactobacillaceae are classified as probiotics. In
general, we found that rats with lees supplementation presented a higher relative abun-
dance of potentially probiotic bacteria (Table 3). These bacteria can modulate the immune
response of the host, provide extra energy via SCFA production, and influence the structure,
function, and integrity of the intestine [41]. Moreover, different strains of Lactobacillus,
isolated from gut microbiota, have shown antimicrobial activity against pathogens resulting
from the production of lactic acid, bacteriocins, and other bactericidal compounds [41-43].
In addition, several studies report that the intake of dietary fiber increases the relative
abundance of Lactobacillus [44]. Table 4 shows the species of Lactobacillaceae bacteria that
presented significant differences between the control and lees groups.

Table 4. Differences regarding abundance of bacteria from the family Lactobacillaceae between rats
with control and lees diet. Values are mean =+ standard deviation.

Species Control Diet Lees Diet p-Value
Lactobacillus brevis 240 + 124 671 + 443 0.02
Limosilactobacillus fermentum 327 + 226 1144 £ 905 0.02
Lacticaseibacillus paracasei 115+ 68 370 £ 290 0.04
Lactiplantibacillus plantarum 636 + 422 2072 + 967 0.04
Ligilactobacillus ruminis 1109 £+ 775 5224 + 1628 0.02
Latilactobacillus sakei 166 + 105 509 £ 286 0.04
Ligilactobacillus salivarius 1721 £ 1143 7684 + 2820 0.02

Regarding pathogenic bacteria, such as Enterobacteriaceae, Clostridiaceae, and Campy-
lobacteraceae, rats with a diet supplemented with Cava lees showed a tendency to decrease
(Table 5), while no significant changes were observed in rats with control diet (data not
shown). In addition, certain pathogens decreased significantly in rats with diets supple-
mented with lees (Listeriaceae, Staphylococcaceae, and Vibrionaceae).

Table 5. Abundance of pathogenic bacteria between the beginning (t = 0 days) and end (t = 14 days)
of the study in rats with lees supplementation. Values are mean =+ standard deviation.

Family Initial (t = 0 Days) End (t = 14 Days) p-Value
Enterobacteriaceae 1249 £ 472 736 £ 352 0.07
Clostridiaceae 47,330 £ 14,339 37,557 + 22,313 0.47
Campylobacteraceae 707 £ 555 366 + 170 0.31
Listeriaceae 561 + 144 360 £ 164 0.04
Staphylococcaceae 423 + 134 260 + 96 0.03
Vibrionaceae 354 £ 62 219 £ 118 0.03

Enterobacteriaceae, which include Salmonella enterica, Shigella spp., and Escherichia coli,
are known foodborne pathogens associated with intestinal infections [45]. In the present
study, rats with a lees diet showed a tendency to decrease the abundance of such species
(data not shown). Nevertheless, when focusing on different genera included in the previ-
ously discussed families, we observed significant differences between groups compared
to the initial abundance of Clostridium, Campylobacter, Listeria, Staphylococcus, and Vibrio
(Figure 3).
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Figure 3. Difference between groups (control diet and lees diet) regarding the initial abundance of
different genera of pathogenic bacteria. Significant differences between groups are indicated with

asterisks (*).

It has been reported that wine by-products present an antimicrobial activity against
some of these bacteria, proposing them as natural additives in the food industry to ensure
food safety as well as preventing food spoilage [46]. In fact, Hernandez-Macias et al.
(2021) [21] reported an antimicrobial effect, in vitro, of Cava lees on Salmonella spp. and
L. monocytogenes.

Therefore, Cava lees might be active against pathogenic bacteria, which would help
reduce foodborne illness. However, an extended supplementation of Cava lees is needed
to confirm these preliminary results.

Bacterial Diversity

Bacterial diversity was assessed by alpha (Figure 4a,b) and beta diversity (Figure 4c).
Alpha diversity is a measure of the number of different bacteria found within a sample,
considering the evenness and distribution of such bacteria. The higher the value of the
Shannon index, the more diversity there will be in the sample studied.
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Figure 4. Alpha and beta diversity between animals with control (green) and lees (orange) diet.
(a) Shannon diversity index (alpha diversity); (b) evenness (alpha diversity); (c) beta diversity
between animals with control (green squares) and lees (orange stars) diet determined by the Bray-
Curtis index and principal coordinates analysis (PCoA).

Regarding alpha diversity, it was observed that rats from the control group had a
significantly higher diversity than the lees group. That could be a result of an increase in
bacteria that produce antimicrobial compounds (e.g., L. brevis, L. plantarum, or L. sakei) and
can reduce the relative abundance of other microorganisms.

On the other hand, beta diversity is related to the differences between individuals
regarding the distribution of genera and species. Figure 4c shows that the animals with lees
supplementation clustered together, while controls were more dispersed. This can translate
to a greater homogeneity in the gut microbiota of animals with lees supplementation.

Finally, a differential abundance analysis with gneiss was performed (Figure 5). It can
be observed that the denominator of y0 has few OTUs compared to the numerator of y0Oy0.
Although balances were not able to infer absolute changes of microbes, it could limit the
number of possible scenarios: the taxa in the numerator, on average, increased between
the control and lees groups, the taxa in the denominator decreased between the lees and
control groups, or a combination of both cases. The subsequent balance analysis showed a
greater number of unique taxa in the control group (data not shown). Nevertheless, further
investigations are needed in other to elucidate the presented preliminary results.

o ~oo Control Lees
subject

Figure 5. Heatmap of the differential abundance analysis. The numerators for each balance are
highlighted in light red, while the denominators are highlighted in dark red.
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4. Conclusions

Due to the rich fiber composition of Cava lees, this by-product can present potential
prebiotic characteristics. The supplementation with lees did not result in a weight increase
nor a modification of the food and water intake. In addition, it did not have a negative
impact on the studied organs. As for their effect on gut microbiota, lees promoted an
increase in the relative abundance of potential probiotic bacteria (B. hansenii, R. intestinalis,
and R. obeum). Additionally, the abundance of certain species of bacteria from the family
Lactobacillaceae also increased significantly. All of the above could result in an increase in
SCFA production (acetate, butyrate, and propionate). Therefore, it could be interesting to
study the evolution of SFCA with a prolonged supplementation of Cava lees to confirm
these preliminary results. Hence, the supplementation or formulation of food with Cava
lees could be a new strategy for the re-valorization of such a by-product.
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