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ABSTRACT

It was theorized that modernization and the decline in harmless microbial populations associated with food have altered the gut microbiota, impacting host
metabolism and immunity. Western dietary patterns, characterized by processed foods and preservation methods, may significantly reduce the microbial population
associated with food. To mitigate the consequences of bacterial deprivation, the integration of these diets with fermented foods is commonly proposed. Nonetheless,
non-fermented food consumed raw may also be an important source of viable microbial cells for the human microbiome. This study investigates whether salad-
associated LAB can survive the gastrointestinal transit (GIT) and contribute to the gut microbiota. LAB strains were quantified and isolated from rocket salad
(Eruca vesicaria subsp. sativa), and their survival through GIT was assessed via intervention trials in healthy adults and in vitro. Moreover, bacterial communities in
fecal samples were analyzed after three days of rocket salad consumption. Washing with a sodium hypochlorite solution drastically reduced total bacterial load and
eliminated viable LAB. The quantity of LAB introduced through salads did not significantly alter the gut microbiota composition. Rocket salads harbored Weissella
and Leuconostoc species. A significant increase in Weissella spp. but not in Leuconostoc spp. was observed after the consumption of rocket salad. Simulated GIT
experiments suggested that the food matrix and the initial number of ingested viable bacteria may have been important in determining survival. These findings
propose that plant products could serve as sources of live LAB for the human gut. Further research with diverse vegetables and longer interventions is needed,

encouraging studies on raw, non-fermented foods and their impact on the human intestinal microbiome.

1. Introduction

The human gut microbiota plays a crucial role in maintaining human
health, and its composition can be influenced by various factors such as
lifestyle, diet, and medication. Recent studies suggest that with indus-
trialization, we also experienced a drastically reduced harmless micro-
bial population associated with food. This reduction also led to an
altered gut microbiota community structure, resulting in harmful con-
sequences to the host’s metabolism and immune system. In particular,
western-type dietary patterns, characterized by the widespread con-
sumption of processed food and the extensive use of various methods of
preservation and sanitization are relevant in this context (Scudellari,
2017; Sonnenburg and Sonnenburg, 2019). The integration of
Western-type dietary patterns with fermented foods has been suggested
as a potentially effective strategy to counteract the negative conse-
quences of bacterial deprivation in the environment and in food. Fer-
mented foods are a natural source of beneficial microorganisms, mainly
lactic acid bacteria (LAB) (Chen, 2021; Mantegazza et al., 2023a; Rosa
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etal., 2017), which are the most studied and recognized microorganisms
for their beneficial health properties. For example, some of them can
produce vitamins, antagonize harmful microbes, and improve intestinal
immune homeostasis (Cristofori et al., 2021; Hati et al., 2019; Li et al.,
2017; Taverniti and Guglielmetti, 2012). Nonetheless, non-fermented
foods that are consumed raw, although they may contain fewer micro-
bial cells than fermented foods, can still provide LAB to the human
gastrointestinal tract, as well as many other microorganisms with a
broad taxonomic representation (Mantegazza et al., 2023b).

Given the importance of the gut microbiota in human health and the
health-promoting potential of LAB, it is crucial to understand how food-
associated microbes, notably LAB, can survive the human gastrointes-
tinal transit (GIT) and potentially contribute to the community structure
of the gut microbiota. While the ability of some strains of LAB to survive
the GIT is already well known, most existing studies have focused on
probiotic products (Arioli et al., 2018; Taverniti et al., 2019). These
products provide LAB in large quantities (generally higher than one
billion up to 100 billion) and may contain compounds that create a
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protective environment for the bacteria during GIT (Han et al., 2021).
However, to our knowledge, very few studies have evaluated whether
microbes naturally associated with food can survive the GIT and
contribute to the gut microbiota (Pasolli et al., 2020).

The World Health Organization (WHO) advised a daily intake of fruit
and vegetable products exceeding 400 g per capita. However, many
people cannot meet this recommendation due to limited availability,
cost, and convenience. The sector of ready-to-eat products can facilitate
the daily intake of fruits and vegetables, providing fresh and minimally
processed products. Among these products, rocket salad (Eruca vesicaria
subsp. sativa), which is a vegetable rich in biologically active compounds
(e.g., ascorbic acid, carotenoids, fiber, polyphenols, and glucosinolates),
is becoming increasingly economically interesting for its use in ready-to-
use salads.

With this in mind, we recently conducted a study that demonstrated
that ready-to-eat rocket salads contain a significant number of viable
LAB cells (Mantegazza et al., 2023b). Contextually, the present study
aimed to investigate whether salad-associated LAB can survive GIT and
contribute to the gut microbiota. To this end, we isolated and taxo-
nomically identified the LAB strains associated with the rocket salad,
and we tested their specific ability to survive GIT through in vitro tests
and human intervention trials. Finally, we performed taxonomic
profiling of the bacterial communities in the fecal samples collected
before and after rocket salad consumption.

2. Material and methods
2.1. Products utilized in the study

This research was conducted using commercially available ready-to-
eat rocket salad packaged in 100 g plastic bags, purchased in a local
supermarket after a period of 10 days. The bags were sourced from only
two production batches (rocket salads R1 and R2) from a single
distributor. Rocket salad was cultivated and processed in northern Italy.
Half of the salad was used as it was, while the other half was washed
with a 0.02% sodium hypochlorite solution for 5 min at room temper-
ature and then thoroughly rinsed with tap water. Subsequently, the
rocket salad was dried using a household salad spinner and repackaged
in 100 g portions in plastic bags.

2.2. Analysis of bacteria associated with rocket salads

The viable enumeration of total mesophilic bacteria and LAB was
carried out following the standard protocols ISO 4833-1:2013 and ISO
15214:1998. Briefly, 10 g of salad was homogenized with 90 g of
Maximum Recovery Diluent (MRD; Scharlab, Milan, Italy) using a
Stomacher 3500 peristaltic homogenizer (Seward, West Sussex, United
Kingdom) for 2 min. The resulting suspension was then subjected to
decimal serial dilutions. Subsequently, after decimal serial dilutions, 1
ml of the suspensions was inoculated by pour plating onto plate count
agar (PCA) for total bacterial counts (Scharlab, Riozzo di Cerro al
Lambro, Milan, Italy), while de Man-Rogosa-Sharpe (MRS) agar (Difco,
Detroit, MI, USA) at pH 5.7 was used for LAB counts. The plates were
incubated at 30 °C for 72 h aerobically.

To determine the taxonomy of the LAB associated with the salads
used in the intervention, twenty colonies were isolated from each of the
two batches of rocket salads (R1 and R2), collected from the highest
dilutions on MRS agar plates. DNA was extracted from each colony
grown in MRS broth using the DNeasy UltraClean Microbial kit (Qia-
gen). Subsequently, the extracted DNA served as a template in an end-
point PCR reaction with the pan-bacterial primers PO (5-GAGAGTTT-
GATCCTGGCTCAG-3") and P6 (5-CTACGGCTACCTTGTTACGA-3") as in
Guglielmetti et al. (2010). The obtained amplicons were sequenced, and
the resulting sequences were used for species-level taxonomic identifi-
cation through a search in the rRNA/ITS database using BLASTN.
Furthermore, the DNA isolated from the twenty colonies was employed
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in molecular fingerprinting experiments using RAPD-PCR with primers
OPI02mod (5- GCTCGGAGGAGAGG-3) and BOXAIR (5-CTACGG-
CAAGGCGACGCTGACG -3") as previously described (Guglielmetti et al.,
2010; Koirala et al., 2014).

2.3. Human intervention trials

Two identical intervention trials were conducted, administering
commercial ready-to-eat rocket salads as described below. The study
scheme is illustrated in Fig. 1.

2.3.1. Study population

Healthy (non-diseased) adult volunteers of both sexes, aged 18-65
years, with regular bowel movements (between 1 and 3 evacuations per
day with a consistency equal to 3 or 4 based on the Bristol Stool Scale).
Volunteers provided signed informed consent of their participation in
the study. Characteristics of the volunteers participating in the inter-
vention trials are reported in Supplementary Table S1.

2.3.2. Exclusion criteria

(i) Antibiotic consumption in the month preceding the start of the
trial; (ii) consumption of antacids or prokinetic gastrointestinal drugs;
(iii) chronic inflammatory bowel diseases; (iv) intestinal diseases of in-
fectious origin; (v) episodes of viral or bacterial enteritis in the 2 months
prior to the study; (vi) episodes of gastric or duodenal ulcers in the
previous 5 years; (vii) pregnancy or breast-feeding; (viii) recent history
of alcohol abuse or suspected drug use; (ix) any severe disease that may
interfere with treatment (x) diagnosis of irritable bowel syndrome (IBS)
in active phase; (xi) Inadequate reliability or the presence of conditions
that may determine a patient’s non-compliance/adherence to the pro-
tocol; and (xii) allergy or intolerance to the product in study.

2.3.3. Study protocol

During the initial visit, volunteers provided signed informed consent
and received training on the entire procedure. The study consisted of a
1-week run-in phase, where participants adhered to their regular while
avoiding probiotic, prebiotic, and synbiotic foods and supplements,
Brassicaceae vegetables, Brassicaceae-containing food products, and
fermented foods (e.g., kimchi, pickles, and sauerkraut). Following this
period, volunteers were instructed to consume 100 g of rocket salad
daily for 3 days. The salad was consumed without the addition of salt,
vinegar, or garlic. Following the 3-day consumption period, the volun-
teers underwent a 1-week follow-up, which was identical to the run-in
week (Fig. 1).

2.3.4. Sample collection

At the start of the study, volunteers were trained to collect and
deliver fecal samples as follows: each stool specimen (minimum 2 g) was
collected in sterile containers, stored at +4 °C, and delivered to the
laboratory within 24 h.

Ethical statement

The study protocol was approved by the Research Ethics Committee
of the Universita degli Studi di Milano (opinion no. 20/22, February 25,
2022). Written informed consent was obtained from all subjects before
recruitment.

2.4. Quantification of LAB, Leuconostoc spp. and Weissella spp. in fecal
samples

Upon delivery, fecal samples were immediately subjected to viable
counts. For this purpose, 1 g of the sample was diluted in MRD, ho-
mogenized in a sterile Stomacher bag, plated on MRS at pH 5.7, and
incubated anaerobically with the use of Anaerocult A (Merck) at 30 °C
for 72 h. In addition, we enumerated viable Leuconostoc spp. and Weis-
sella spp. in fecal samples as follows. DNA was extracted from all
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Fig. 1. Study scheme (panel A) and flow chart describing patient numbers (B) for the two intervention trials with commercial ready-to-eat rocket salads R1 and R2.

F1 to F4, fecal sample collections.

colonies grown on MRS agar using the QIAsymphony PowerFecal Pro Kit
(Qiagen, Hilden, Germany), according to the protocol illustrated in
Supplementary Fig. S1. Specifically, after incubation, all the colonies
from each dilution plate were collected separately by adding the CD1
solution of the kit directly to the surface of the agar plates. Then, col-
onies were detached from agar using a sterile 10 pl loop, and the
resulting suspension was recovered using a pipette. Extraction protocol
was applied to the resulting colony biomass according to the manufac-
turer’s instructions. Subsequently, real-time quantitative PCR (qPCR)
was adopted for the identification of Weissella and Leuconostoc in the
DNA extracted from the colony biomass, using the following primers
sets. Primers rplB-F (5-RTA CAA GCC AAC CTC TAA CGG-3") and rpIB-R
(5-TGT GGR CGT TGA CCC TTC C-3') targeting the 50S ribosomal
protein L2 (rplB) were used for Weissella spp. Primers tuf-F (5-TGG ACA
CGT CGA TCA YGG AA-3'), and tuf-R (5-CCA ACT TGA CGT GCC AAC
AA-3)) targeting the elongation factor Tu (tuf) genes were used for Leu-
conostoc spp. qQPCR reactions were carried out in a final volume of 15 pl
containing 7.5 pl of EvaGreen® Supermix (Bio-Rad Laboratories, Seg-
rate, Italy) and 0.5 pM of each primer. 10 ng of template DNA was used
in each reaction. Thermal conditions were as follows: initial hold at 98
°C for 30 s, followed by 40 cycles of 96 °C for 2 s and 60 °C for 5 s. The

fluorescent products were detected at the last step of each cycle. After
amplification, a melting curve analysis was made to distinguish the
targeted PCR product from the nontargeted one. The highest dilution
giving a positive signal in qPCR and the obtained Cq value were used to
calculate the “estimated minimum CFU number” (eCFU) for each
investigated bacterium.

2.5. Metataxonomic analysis of fecal samples

After the viable count analysis, fecal samples were stored at —80 °C
until DNA extraction. To this purpose, feces were thawed at +4 °C and
vigorously mixed for 2-3 min with a sterile spatula. Subsequently, 150
mg of feces were weighed and processed using the QIAsymphony
PowerFecal Pro Kit (Qiagen), following the manufacturer’s instructions.
The extracted DNA was quantified through the Qubit Broad Range kit
(Thermo Fisher Scientific, Waltham, MA, USA) and used for meta-
taxonomic analysis through 16S rRNA gene profiling. The NovaSeq 6000
platform with 2 x 250bp sequencing (NovaSeq 6000 SP Reagent Kit, 500
cycles) was used to sequence the 16S rRNA gene amplicons, which
encompassed the V3 and V4 variable regions. These amplicons were
obtained using primers 341F (5-CCT ACG GGN GGC WGC AG-3") and
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805R (5-GAC TAC HVG GGT ATC TAA TCC-3") (LC Sciences, Houston,
TX). The obtained sequencing reads were processed using the bio-
informatic pipeline Quantitative Insights Into Microbial Ecology
(QIIME) 2 version 2022.2 through the Divisive Amplicon Denoising
Algorithm (DADA2 (Callahan et al., 2016);) adopting the Silva Database
version 138 for taxonomic assignment to amplicon sequence variants
(ASVs). To minimize technological bias, the 16S rRNA gene profiling
analysis has been carried out simultaneously for all fecal samples
considered in this study. Metataxonomic raw sequencing data are
available as FASTQ files in the European Nucleotide Archive (ENA) of
the European Bioinformatics Institute under the accession code
PRJEB66456.

2.6. Invitro assessment of bacterial survival during gastrointestinal transit

The ability of Weissella and Leuconostoc isolates to survive the
gastrointestinal transit (GIT) was tested in vitro using the “INFOGEST
static in vitro simulation of gastrointestinal food digestion” (INFOGEST
2.0) protocol (Brodkorb et al., 2019), with slight modifications. Briefly,
100 g of rocket salad were washed with 0.02% sodium hypochlorite
solution as described above. Subsequently, 5 g of washed rocket salad
were homogenized with 5 ml of Simulated Salivary Fluid (SSF) without
a-amylase, and 5 x 10° active fluorescent units (AFUs, as determined via
flow cytometry with SYTO™ 24 labeling) of each tested strain. For the
gastric phase, we used 28 U/ml of rabbit gastric lipase (Lipolytech,
Marseille, France) and 940 U/ml of pepsin. The intestinal phase was
performed as described in (Brodkorb et al., 2019). At the end of the
intestinal phase, the final volume was adjusted to 50 ml and diluted in
MRD. Serial dilutions in MRD were inoculated by pour plating onto MRS
agar at pH 5.7 with the addition of 1.4 g/1 of sorbic acid to inhibit mold
and yeast growth. Each strain was tested in three independent experi-
ments conducted in duplicate.

2.7. Statistics

Statistical calculations were performed using the R programming
language (version 3.4.2). For paired/unpaired comparisons, we utilized
either the paired/unpaired Student’s t-test or the Mann-Whitney U test,
and the Wilcoxon signed-rank test based on the assessment of normal
distribution through the Shapiro-Francia test. To identify significantly
different taxa, the Wilcoxon-Mann-Whitney test was carried out on read
abundances that underwent centered log ratio (CLR) transformation.

3. Results
3.1. Microbiological characterization of rocket salads

The bacterial viable count on PCA plates revealed a similar bacterial
cell load between rocket salads R1 and R2 (6.1 and 6.5 log CFU/g,
respectively). Conversely, viable count on MRS agar plates evidenced a
higher amount of LAB in R1 (4.1 log CFU/g) compared to R2 (2.3 log
CFU/g) (Table 1). The washing with sodium hypochlorite solution
completely removed viable LAB (i.e., less than 10 CFU/g), whereas the

Table 1

Viable counts of bacteria associated with rocket salads R1 and R2. Data are re-
ported as log CFU/g of fresh salad. Analyses have been performed on the salads
before and after washing with a 0.02% sodium hypochlorite solution. PCA, plate
count agar, used for the counts of mesophilic bacteria; MRS, de Man Rogosa
Sharpe agar medium at pH 5.7, used for the counts of lactic acid bacteria. n.d.,
not detected (i.e., <1.0 log CFU/g).

Culture medium R1 R2

unwashed washed unwashed washed
PCA 6.1 4.3 6.5 5.2
MRS 4.1 n.d. 2.3 n.d.
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mesophilic bacterial count was reduced by 1.9 log in R1 (4.3 log CFU/g,
about 99% reduction) and 1.3 log in R2 (5.2 log CFU/g, about 95%
reduction) (Table 1).

Subsequently, we isolated 20 colonies from MRS plates for R1 and 20
for R2. Taxonomic identification using 16S rRNA gene sequences
revealed that all colonies from R1 belonged to the genus Weissella, with
15 isolates of W. cibaria, 4 isolates of W. confusa, and 1 isolate of
W. hellenica. On the other hand, all 20 colonies isolated from rocket
salad R2 were identified as belonging to the species Leuconostoc lactis. In
addition, molecular fingerprinting analysis revealed two distinct phe-
notypes within the species W. cibaria (n = 9 and n = 6) and within the
species L. lactis (n = 19 and n = 1) (Supplementary Fig. §2).

3.2. Intervention trials with rocket salads

We recruited twenty-four healthy adult volunteers (mean age 27.9 +
5.6; 46% females) to participate to two distinct intervention trials with
rocket salads R1 and R2, according to the scheme in Fig. 1A. One
volunteer dropped out due to withdrawal of consent before the first trial,
and two volunteers dropped out after trial 1 due to adverse event
(nausea) and due to constipation (no evacuation during the study)
(Fig. 1B). All the other volunteers did not report adverse events and the
food product was well tolerated. The remaining 21 volunteers concluded
the study, 16 of whom delivered all fecal samples according to the
protocol (i.e., 8 specimens). The other 5 volunteers delivered 7 fecal
samples due to the absence of an evacuation in a day during the trial
(Fig. 1B).

3.3. Impact of rocket salads on fecal bacterial communities

Metataxonomics based on 16S rRNA gene profiling was employed to
investigate the bacterial community structure of fecal samples collected
the day before (sample collection F1) and the day after (F2) the three-
day rocket administration phase. The analysis of a-diversity did not
indicate any significant changes in either the richness or evenness of the
fecal bacterial communities following the short-term consumption of
rocket (Supplementary Fig. S3). The analysis of p-diversity, utilizing
both weighted and unweighted UniFrac algorithms, showed a shift in
the bacterial community structure for each subject across various time
points (Supplementary Fig. S3). However, these changes were generally
more minor than the variability observed between different subjects
(Supplementary Fig. S3) and cannot be directly attributed to either the
consumption or washing of rocket salads.

Subsequently, we performed a statistical analysis of the meta-
taxonomic data to determine whether the consumption of rocket salad
and/or the washing of rocket salad could have influenced the abundance
of individual bacterial taxa. Specifically, three levels of analysis were
conducted: (i) a comparison of all fecal samples collected before rocket
salad consumption and all fecal samples collected afterward, irre-
spective of washing and the type of rocket salad; (ii) a comparison of
fecal samples collected before and after rocket salad consumption
separately for each of the two interventions (with R1 and R2), inde-
pendent of washing; (iii) a comparison of fecal samples collected before
and after rocket salad consumption, differentiating between individuals
who consumed unwashed rocket salad and those who consumed washed
rocket salad, and conducted separately for each of the two interventions
with R1 or R2 rocket salads.

The initial analysis, designed to determine the impact of rocket salad
consumption on the fecal microbiota regardless of the microorganisms
hosted by salads, revealed modifications in 13 bacterial taxa, with 10 of
them belonging to the class Clostridia (Fig. 2A). Specifically, the bac-
terial groups that exhibited an increase included Acinetobacter schindleri,
which is known as a plant endophyte (Yuan et al., 2022), an unidentified
species from the family Christensenellaceae, as well as the genera Fla-
vonifractor and Methanobrevibacter.

When the analysis was performed separately for the data obtained
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Fig. 2. Bacterial taxa in fecal samples exhibiting a significantly different abundance between before and after rocket salad intake. Statistical significances have been
determined through the Wilcoxon signed-rank test carried out with CLR-transformed bacterial abundances (indicated on the right). Higher and lower abundances for
each taxon are reported with a red and cyan background, respectively. The green-yellow-red heatmap represents the median CLR-transformed abundances of the
reported taxonomic units. The taxonomic lineage of each taxon is shown: p, phylum; c, class; o, order; f, family; g, genus; s, species. . (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. (continued).

during the interventions with R1 and R2 rockets, a larger number of
significantly altered bacterial taxa was observed. Specifically, 17 bac-
terial taxa were identified for R1 (Fig. 2B), and 26 were identified for R2
(Fig. 2C). In both interventions, most modified taxa belonged to the class
Clostridia. However, the only alteration common to both interventions
was the reduction of an unidentified species belonging to the genus
Roseburia.

The statistical analysis of bacterial abundances before and after
rocket salad consumption was finally conducted for each intervention,
separating those who had consumed washed rocket from those who had
consumed unwashed rocket salad. The results of this analysis showed a
significant modification of only 7 bacterial taxa after consumption of
unwashed and 38 after consumption of washed R1 rocket salads (Fig. 2D
and E). In the trial with rocket salad R2, 18 and 14 significantly changed
bacterial taxa were identified for unwashed and washed rocket,
respectively (Fig. 2F and G). No changes were found in common be-
tween the two interventions with unwashed rocket or between those

with washed rocket, with the sole exception of the genus Roseburia,
which decreased after consumption of washed rocket for both the R1
and R2 interventions.

Overall, the metataxonomic analysis of fecal bacteria showed that
the consumption of 100 g of rocket per day for three days did not change
the bacterial community structure in a way that could be attributed to
the treatments.

3.4. Effect of rocket consumption on LAB levels in fecal samples

Fecal samples collected during the two intervention studies were
used for quantification of LAB through dilution and plating on MRS agar
medium. The amount of LAB in the feces ranged from 9.0 to 5.2 (median
7.1) log CFU/g. During the two interventions, the viable count of LAB
did not significantly change in any of the subgroups considered (Fig. 3).

Subsequently, we conducted quantitative PCR using specific probes
for the dominant genera of LAB in the two rocket salads under study,



G. Mantegazza et al. Food Microbiology 118 (2024) 104418

Fig. 2. (continued).

Fig. 3. Tukey boxplot of colony counts on MRS plates (pH 5.7) cultivated from the fecal samples collected during the intervention trials with rocket salads. Time
points refer to the study scheme of Fig. 1. No statistically significant differences were detected. A, intervention with rocket salad R1. B. intervention with rocket
salad R2.

namely Leuconostoc and Weissella. Specifically, qPCR assays were per- representation of the experiment) to obtain information on the quantity
formed using as a template the DNA extracted from colonies collected of viable cells of the target bacterial taxa. The results showed that, for
from the MRS agar plates (see Supplementary Fig. 3 for a schematic the Leuconostoc spp., the estimated number of viable cells in the feces did
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not significantly change with either unwashed or washed rocket inter-
vention. However, for the genus Weissella, a significant increase was
observed following consumption of unwashed salad, but not washed
salad (Fig. 4). In particular, the increase in Weissella spp. was statistically
significant in the second fecal sample collected after the end of rocket
consumption (F3) but was no longer evident in the subsequent sample
(F4) (Fig. 4).

3.5. Survival of rocket salad-associated LAB during simulated
gastrointestinal transit

We utilized the INFOGEST static in vitro simulation of gastrointes-
tinal digestion to assess the survival capability of strains isolated from
rocket salad under digestive tract conditions. Two isolates, Weissella
cibaria (from rocket salad R1) and Leuconostoc lactis (from rocket salad
R2), were examined. The results showed that both strains demonstrated
similar abilities to survive simulated gastrointestinal transit, and the
presence of rocket salad significantly enhanced their survival. Specif-
ically, starting from approximately ten billion CFUs, W. cibaria and
L. lactis displayed a 5.1 and 5.2 log CFUs reduction, respectively, when
tested alone, whereas the reduction of viable cells was only 1.2 and 1.4
log CFUs when the cells of the two isolates were tested in the presence of
rocket salad (Fig. 5).

4. Discussion

This experimental study aimed to investigate the indigenous bacteria
in commercially available ready-to-eat rocket salad, in line with the
hypothesis that naturally occurring LAB associated with raw foods may
play a role in shaping the human gut microbiota and may directly
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interact with the host. The study pursued with a dual objective: (i)
evaluating the impact on fecal microbiota and (ii) assessing the survival
of rocket-associated LAB during gastrointestinal transit. To this aim, we
carried out two intervention studies involving healthy adult individuals,
testing two different batches of rocket salad with or without washing
with a sodium hypochlorite solution.

The results of viable microbial count revealed that unwashed rocket
salad had a significantly higher total aerobic bacterial number by at least
one order of magnitude than salad manually washed with a diluted so-
lution of sodium hypochlorite; nonetheless, washing did not eliminate
the bacteria associated with the rocket salad. This finding is consistent
with previous studies where similar washing with a diluted solution of
sodium hypochlorite reduced total aerobic bacteria within the range of
1-2 log units in fresh-cut iceberg lettuce (L.opez-Galvez et al., 2010) and
fresh jalapeno peppers (Adler et al., 2016).

Although washed rocket salad did not harbor any associated LAB, no
significant difference in LAB quantity was observed in the feces of vol-
unteers following interventions with washed or unwashed rocket salad.
This result can be explained by the fact that ready-to-eat rocket salad
may provide an insufficient amount of LAB to significantly alter the
abundance of resident LAB in the human gut, which we found to be, on
average, in the range of 6.8-7.4 log CFU per gram of feces at each time
point for each group on volunteers. In our study, the LAB quantities in
the two rocket salads investigated were 4.1 log CFU/g for the first
intervention (R1 rocket salad) and 2.3 log CFU/g for the second inter-
vention (R2). Thus, even considering a daily intake of 100 g repeated for
three consecutive days, the number of LAB cells introduced with rocket
salad in our interventions is at least two log units lower than the LAB
already present in volunteers’ feces in this study (estimation done
considering an average amount of 150 g of feces per defecation).
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Fig. 4. Recovery on MRS agar (pH 6.7) of viable cells of the dominant lactic acid bacterial species from rocket salads in feces collected at the end of the three-day
intervention trials (see Material and Methods and Supplementary Fig. S1 for a detailed description of the methodology). Panel A: Intervention with rocket salad R1
with (on the right, in green) or without (on the left, in red) washing using a sodium hypochlorite solution. Panel B: intervention with washed (on the right, in green)
and unwashed (on the left, in red) rocket salad R2. Data are presented as the estimated minimum CFU count (eCFU; see the Methods section for details). Statistical
analysis was performed using a Wilcoxon signed-rank test; *, p < 0.05; n.s., not significant. (For interpretation of the references to colour in this figure legend, the

reader is referred to the Web version of this article.)
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Fig. 5. Survival of lactic acid bacterial strains isolated from rocket salad R1
(Weissella cibaria) and R2 (Leuconostoc lactis) in the in vitro static simulated
gastrointestinal digestion (INFOGEST protocol). Control, experiment performed
with rocket salad without the addition of bacterial cells. Data are derived from
three independent experiments. Statistical analysis was performed using an
unpaired Student’s t-test; **, p < 0.01; ***, p < 0.001; n.s., not significant.

Following rocket consumption, the results of metataxonomic anal-
ysis of fecal bacteria indicated that the consumption of 100 g of salad per
day for three days did not lead to significant changes in the bacterial
community structure attributable to the treatments. This result can be
explained by the limited number of volunteers in the study and the wide
inter-individual variability of the human gut microbiota (Healey et al.,
2017). Although, reportedly, the composition of the human gut micro-
biota undergoes changes within a few hours (David et al., 2014), the
very short duration of the intervention could also have been a deter-
minant factor for the observed results. We failed to find any other study
in scientific literature where rocket salad intake’s effect on the gut
microbiota was assessed.

We found that most LAB isolated from rocket R1 belonged to the
species Weissella cibaria, while isolates from rocket salad R2 belonged to
the species Leuconostoc lactis. These findings are consistent with our
previous study that has identified members of the bacterial genera
Leuconostoc and Weissella among the primary LAB associated with ready-
to-eat fresh salads (Fessard and Remize, 2019; Mantegazza et al., 2023b;
Zhou et al., 2020). However, rocket salad R1 harbored a significantly
higher quantity of LAB (almost two orders of magnitude higher)
compared to R2. This result aligns with our previous study that showed a
wide variability in the quantity of LAB associated with commercial
ready-to-eat rocket salad, ranging from the absence of LAB to approxi-
mately 5.0 log CFU per gram (Mantegazza et al., 2023b). The notable
difference in LAB content between R1 and R2 salads may explain the
results of the qPCR experiments performed on the DNA purified from the
bacterial colonies isolated on MRS from feces, which revealed a signif-
icant increase of Weissella spp. exclusively in the feces of volunteers who
consumed unwashed salad R1, whereas the abundance of Leuconostoc
spp. did not change significantly in the feces of volunteers consuming
rocket salad R2. This finding is also consistent with the results of 16S
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rRNA gene profiling, which showed a significant increase in the family
Leuconostocaceae only in the group of volunteers who consumed un-
washed rocket salad R1 (i.e., the salad harboring a larger amount of LAB
cells; Fig. 2D). Recently, the family Leuconostocaceae was reclassified
and included into the family Lactobacillaceae (Zheng et al., 2020).
Nonetheless, the database we used for the metataxonomic analysis (Silva
Database version 138) was based on the previous taxonomic classifica-
tion, where the family Leuconostocaceae included the genera Weissella
and Leuconostoc (Chelo et al., 2007). These results allow us to hypoth-
esize that ready-to-eat rocket salad can carry LAB capable of surviving
gastrointestinal transit only if the naturally occurring quantity of these
bacteria associated with the product is sufficiently high. Another
possible explanation is related to the fact that the rocket salads used in
the two studies hosted two different taxonomic groups of LAB (Weissella
spp. and Leuconostoc spp.), which may have a significantly different
predisposition to survive gastrointestinal transit. It has been reported
that the Weissella genus is frequently found in fecal samples of healthy
adults (Fusco et al., 2015), unlike the Leuconostoc genus, which is not
usually considered part of the autochthonous intestinal microbiota
(Hemme and Foucaud-Scheunemann, 2004). We tested this hypothesis
by conducting a simulated gastrointestinal transit experiment using a
W. cibaria strain isolated from rocket salad R1 and a L. lactis strain iso-
lated from R2. However, the obtained results did not evidence any sig-
nificant difference between W. cibaria and L. lactis in the ability to
survive the gastrointestinal transit, supporting the hypothesis that cell
abundance in the original rocket salad is critical to permit the recovery
of viable LAB cells in feces after salad intake. Furthermore, in vitro
simulated gastrointestinal digestion evidenced that rocket salad signif-
icantly preserved bacterial cell viability in the gastrointestinal tract, as
already demonstrated for other food matrices (Karimi et al., 2011;
Mattila-Sandholm et al., 2002).

5. Conclusion

This study provides a better understanding of the survival of LAB
naturally associated with the indigenous microbiota of rocket salad
during gastrointestinal transit. It should be noted that the rocket samples
used in this study were limited to fresh-cut, ready-to-eat commercial
rocket salad, and the results may vary with other varieties of rocket
salad or other vegetables. Furthermore, the short duration of salad
intake in this study may not be sufficient to highlight the beneficial ef-
fects of naturally occurring LAB in rocket on the participants’ gut
microbiota. Therefore, further research with larger sample sizes and
longer intervention periods are necessary. Nonetheless, to the best of our
knowledge, this is the first intervention study that provides data sup-
porting the idea that fresh plant products consumed raw can be a source
of live LAB cells for the human gut. More generally, the presented results
encourage the implementation of intervention studies focusing on the
microbial component of raw, non-fermented foods and their potential
impact on the human intestinal microbiome.
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