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Abstract

A commercial refrigerated vegetable cream containing pumpkin and carrots as main ingredients was
stored under refrigeration for 30 days without treatment (controls), supplemented with bacteriocin
AS-48, treated by high hydrostatic pressure (HHP, 600 MPa, 8 min, 55°C) or a combination of
bacteriocin and HHP. At day 2, half of the samples were incubated for 24 h at room temperature
(simulating a temperature abuse event) and then refrigerated again. Total viable counts and bacterial
diversity were determined. Bacteriocin did reduce viable counts, but HHP treatment (singly or in
combination with bacteriocin) was the most effective. Viable counts increased in controls during
temperature abuse, but not in samples treated with bacteriocin, HHP or both. The initial microbiota
of control samples was composed mainly by Pseudomonadota (74.50%), followed by Bacillota (21.19%)
and Actinobacteriota (3.69%). Bacillota became the predominant group during refrigerated storage
(87.21 to 99.48%). After simulation of a 24-h temperature abuse event, control samples had lower
relative abundances of Bacillota during storage and higher relative abundances of Pseudomonadota,
Bacteroidota and Actinobacteriota. All treated samples (irrespective of the type of treatment) showed a
lower relative abundance of Bacillota during storage compared to untreated controls without
temperature abuse. Genus Bacillus was the predominant group in the control samples during storage
and, although in lower abundance, it was also detected in samples treated with high pressure,
bacteriocin or their combination. Acinetobacter was associated with temperature abuse.

Keywords: vegetable cream; bacteriocin; high hydrostatic pressure; biodiversity

1. Introduction

Food microbiology plays a crucial role in food safety, as many processed products are subject to
microbial challenges that can compromise their quality, safety and shelf life [1]. Vegetable creams,
which have gained popularity as healthy and convenient foods [2], present a favorable environment
for microbial growth due to their nutritional composition, water activity and moderate pH [3]. The
prevalence of the Bacillus cereus group in ready-to-eat (RTE) food products such as vegetable spreads
available in the retail trade in Poland [4] and South Korea [5] was recently investigated. Therefore,
ensuring the safety and microbiological stability of these products is essential for their market
acceptance and to prevent public health risks as was clearly reflected in the World Health
Organization (WHO) strategic planning meeting on food safety [6].

Emerging strategies to control microbial growth in minimally processed foods include the use
of bacteriocins and non-thermal processing technologies such as high hydrostatic pressure (HHP) [7-
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9]. Bacteriocin AS-48, produced by Enterococcus faecalis, is a class Ilc cyclic enterocin which has
bactericidal activity against a large number of Gram-positive bacteria of importance in food, such as
Listeria, Bacillus and Clostridium sp. [10], making it an effective tool for microbial control in food [11,
12]. On the other hand, HHP is a technology widely used in the food industry to inactivate pathogenic
and spoilage microorganisms without significantly altering the organoleptic and nutritional
characteristics of the products [13-16].

Although both bacteriocins and HHP have been shown to be effective independently, recent
studies suggest that the combination of both technologies could offer a synergistic effect [17],
increasing the reduction of microbial load and reducing the emergence of resistant microorganisms
and food-relevant microorganisms such as Listeria monocytogenes [18]. However, the effects of these
combined strategies on the microbiota of specific foods, especially under conditions of temperature
abuse, have not yet been widely explored.

The aim of the present study was to determine the impact of bacteriocin AS-48 and HHP
treatment, both individually and in combination, on the microbial load and bacterial diversity in a
commercial vegetable cream composed mainly of pumpkin and carrot. The application of culture-
independent next-generation sequencing technologies may provide accurate and novel data on the
effects of such treatments in food systems. In addition, how a temperature abuse event during storage
affects the microbial stability and bacterial diversity of this product is analysed. The findings of this
study provide relevant information on the efficacy of these preservation strategies in a model food,
providing new perspectives for the development of more efficient and safer preservation systems.

2. Materials and Methods

2.1. Preparation of Puree Samples

The refrigerated, ready-to eat carrot and pumpkin puree was purchased in a well-known
supermarket in Jaén (Spain) just before processing. The puree was distributed in polyethylene-
polyamide bags (preparing a total of 96 bags, 10 g each) to allow two replicates per sampling point
and treatment (controls, bacteriocin, high-hydrostatic pressure, and bacteriocin + high-hydrostatic
pressure). Samples were stored refrigerated at 4°C for up to 30 days. At day 2, half of the samples
were incubated for 24 h at room temperature (simulating a temperature abuse event) and then
refrigerated again.

2.2. Enterocin AS-48 Treatment

Enterocin AS-48 was prepared as described elsewhere [19]. Samples were supplemented with
enterocin AS-48 to a final concentration of 50 pg/g (or 7.5% vol/vol of an equivalent solution without
bacteriocin for control and HHP-treated samples), mixed well and stored refrigerated at 4°C for up
to 30 days.

2.3. High-Hydrostatic Pressure Treatments

High-hydrostatic pressure (HHP) treatments were carried out by using a Stansted Fluid Power LTD
HP equipment (SFP, Harlow, UK) suited with a 2.5 L vessel capable of operating in a pressure range of 0
to 700 megapacals (MPa). The system was suited with an electrical heating unit (SFP) operating in a
temperature range from room temperature up to 90 °C. The following HHP treatment were applied for 8
min: 600 MPa at 55 °C. Come-up speed was 75 MPa/min. Decompression was almost immediate.
Pressurization fluid was water with added 10% propylenglycol (Panreac, Madrid, Spain). Control and
bacteriocin-treated samples (without HHP treatment) were run in parallel. Right after treatments, all
samples were placed on an ice basket for 30 min and then stored at 4 °C for up to 30 days.
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2.4. Microbiological Analysis

At specific times during incubation (days 0, 2, 3, 7, 15, 30), duplicate samples were drawn for
each treatment and analyzed. The content of each bag was mixed individually with 20 mL sterile
saline solution and homogenized in a Stomacher 400 (Seward, Worthing, UK) for 1 min.
Homogenates were serially diluted in sterile saline solution and plated in triplicate on trypticase soya
agar (TSA; Scharlab, Barcelona) for total aerobic mesophiles and incubated at 37 °C for 24 h. The mean
viable cell count was expressed as log colony-forming units (CFU) per gram of sample.

2.5. DNA Extraction

For each sampling point and in duplicate, aliquots (5 mL) of each homogenate prepared as
described in the previous section were mixed in sterile 50 mL test tubes and centrifuged at 600x g for
5 min to remove solids. An aliquot (1.5 mL) of the resulting supernatant was then transferred to an
Eppendorf test tube and centrifuged at 13.500x g for 5 min to recover microbial cells. The pellets were
resuspended in 0.5 mL of sterile saline each. Then, propidium monoazide (PMA, GenlUL, SLL,
Barcelona, Spain) was added to block subsequent PCR amplification of DNA from dead cells [20, 21].
DNA from PMA-treated cells was extracted by using a DNeasy PowerSoil Kit (Qiagen, Madrid,
Spain). The resulting DNA from the two replicates from each bag and from the same sampling point
was pooled into a single sample. The quality and quantity of the extracted DNA was determined by
QuantiFluor® ONE dsDNA system (Promega, Madison, WI, USA).

2.6. DNA Sequencing and Analysis

The 165 rDNA V3-V4 regions were amplified following Illumina Metagenomic Sequencing Library
Preparation protocol (Illumina, Inc., San Diego, CA, USA) targeting the 165 rDNA gene V3 and V4 region.
MNlumina adapter overhang nucleotide sequences were added to the gene-specific sequences. The
following 16S rDNA gene amplicon PCR primer sequences were used: forward primer:
50TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG; and  reverse
primer:  50GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC
[22]. Microbial genomic DNA (5 ng/ uL in 10 mM Tris pH 8.5) was used to initiate the protocol. After 165
rDNA gene amplification, the multiplexing step was performed using Nextera XT Index Kit (Illumina). A
total of 1 uL of the PCR product was run on a Bioanalyzer DNA 1000 chip to verify the size (expected size
~550 bp). After size verification, the libraries were sequenced using a 2 x 300 pb paired-end run on a MiSeq
Sequencer according to manufacturer’s instructions (Illumina). Sequencing data were processed using nf-
core/ampliseq version 2.13.0 [23] of the nf-core collection of workflows [24], utilising reproducible
software environments from the Bioconda [25] and Biocontainers [26] projects. Data quality was evaluated
with FastQC [27] and summarized with MultiQC [28]. Sequences were processed sample-wise
(independent) with DADA2 [29] to eliminate PhiX contamination, discard reads with >2 expected errors,
correct errors, and remove PCR chimeras. Taxonomic classification was performed by DADA?2 and the
database ‘Silva 138.2 prokaryotic SSU’ [30]. Amplicon Sequence Variants (ASV) sequences, abundance
and DADA?2 taxonomic assignments were loaded into QIIME2 [31]. Subsequent analyses, conducted
through QIIME?2, included assessments of alpha and beta diversity as well as interactive visualizations of
the microbial taxonomic composition. Final outputs were structured into R-compatible objects for further
statistical analysis and custom data exploration.

2.7. Statistical Analysis

The statistical significance of data corresponding to the culture-dependent microbiological
analysis was determined by one-way ANOVA and Tukey’s test. Data on bacterial diversity were
compared by Principal Coordinates Analysis (PCoA).
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3. Results

3.1. Effect of Different Treatments and Storage Time on Microbial Loads

Control samples subjected to temperature abuse (CAB) displayed viable counts of 2.54 and 2.05
log CFU/g during days 1 and 2 of storage, respectively (Table 1). From day 3 of storage until the end
of storage, a significant increase in viable counts occurred (p < 0.05), reaching values between 6.47
and 7.73 log CFU/g. In contrast, counts in control samples not subjected to abusive temperature (C)
remained stable throughout storage, with values between 1.9 and 2.9 log CFU/g.

The bacteriocin treated samples (B) showed significantly lower viable counts (p < 0.05) at the end of
storage (day 30) compared to control samples. However, bacteriocin treated samples only showed a
significant difference (p < 0.05) compared to control samples not subjected to abusive temperature (C) at
days 3, 7 and 15 of storage. Interestingly, viable counts did not increase in the bacteriocin-treated samples
after temperature abuse (BAB), and decreased below detectable levels at days 15 and 30.

Treatments with HHP (H) and bacteriocin in conjunction with HHP (BH) significantly reduced
viable counts below the detection limit (<1.0 log CFU/g) for the whole storage period. These
treatments also reduced viable counts below detection limits in the samples with temperature abuse
(HAB, BHAB).

Table 1. Viable cell counts and pH of samples, subjected or not to abusive temperature.

Samples T0 T2 T3 T7 T15 T30
C 2.54+0.16 2.29+0.05 2.16+0.11 2.99+0.11 1.91+0.29 2.25+0.1

CAB 2.54+0.07 2.06 +0.02 6.47 +0.012 7.73 +0.172 7.59 +0.062 6.96 +0.132

B 1.65 +0.06 1.93 +0.04 1.65 +0.07¢ 1.63 £0.21¢ 1.63 +0.21¢ 1.74 + 0.06°
BAB 1.72£0.17 1.72+0.33 1.54 +0.08¢ 1.23 £0.11¢ <lec <lc
H <1b <1b <1b <1b <1b <1b
HAB 1b <1b <1b <1b <1b <1b
BH <1b <1b <1b <1b <1b <1b
BHAB <1b <1b <1b <1b <1b <1b

Samples: untreated control (C), bacteriocin treated (B), HHP treated (H) and bacteriocin and HHP treated (BH).
Samples with abuse temperature are indicated with "AB". The storage time in days is indicated by “T”. Statistical
significance (p < 0.05): a, significantly higher than untreated control (with abusive temperature or not) counts
obtained at time 0 and 2, and higher than untreated control without abusive temperature at the same storage
time; b, significantly lower than untreated controls (abusive temperature or not) at the same storage time; c,

significantly lower than untreated controls subjected to abusive temperature at the same storage time.

3.2. Bacterial Diversity

Most of the treated samples did not yield bacterial DNA of sufficient quantity/quality for amplicon
sequencing, and therefore they were excluded from the bacterial diversity analysis. The number of reads
assigned to Amplicon Sequence Variants (ASVs) after taxonomic classification and filtering of unwanted
taxa and alpha biodiversity indices (Shannon, Simpson and Chao) are shown in Table 2. The numbers of
reads ranged from 65,732 to 166,157. All sequenced samples show similar Shannon, Simpson and Chao-1
indices, except the untreated control samples not subjected to abusive temperature, whose values are
lower from day 3 to the end of storage. In addition, it is worth mentioning the sample CAB3 with a value
of the Chao-1 biodiversity index higher than the rest of the samples.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2. Number of readings and alpha diversity indices at genus level of untreated control (C), bacteriocin
treated (B), HHP treated (H) and bacteriocin and HHP treated (BH) samples.

Sample No. Reads Shannon Simpson Chao 1
Untreated controls

Co 113,163 0.94 3.77 238.20

C2 96,211 0.91 3.37 177.17

C3 101,240 0.20 0.54 49.00

c7 166,157 0.21 0.51 57.00

C15 90,838 0.25 0.77 107.14

C30 97,888 0.39 1.22 153.50

CAB3 105,302 0.97 4.63 492.25
CAB7 105,920 0.95 4.03 270.50
CABI15 81,585 0.96 412 319.00
CAB30 79,818 0.92 3.62 230.80

Bacteriocin

B2 65,732 0.93 3.62 262.00

BAB3 93,398 0.93 3.62 215.00
BAB7 87,754 0.94 3.88 307.20

High hydrostatic pressure
H15 71,670 0.79 2.53 22411
Bacteriocin + High hydrostatic pressure

BHO 96,752 0.94 391 284.60

BH7 76,316 0.89 3.55 335.50

BH15 56,674 0.94 3.78 226.67
BHAB3 90,103 0.94 3.84 246.60
BHAB?7 89,248 0.95 3.93 315.50

Samples with abuse temperature are indicated with "AB". Each number corresponds to the different sampling
times (in days) during storage. The Shannon and Simpson indices are estimators of both species richness and

evenness, with more emphasis on richness (Shannon) or evenness (Simpson).

Taxonomic analysis indicated that Pseudomonadota and Bacillota were the main two phyla represented
in the samples, followed by Actinobacteriota and Bacteoidota (Fig. 1A). During the first 2 days of refrigerated
storage Pseudomonadota was the most abundant phylum, followed by Bacillota (Figure 1A). The
Pseudomonadota  group was mainly represented by members of the genera Aquabacterium,
Methylobacterium-Methylorubrum and Acidovorax (Figure 1B). From day 3 until the end of the storage,
Bacillota (represented mainly by genus Bacillus) became the predominant ASV, reaching relative
abundances above 99%. By contrast, the control samples subjected to abusive temperature (CAB) showed
high relative abundances of Pseudomonadota along with an increase of Actinobacteriota and Bacteroidota.
Acinetobacter, along with Aquabacterium, Methylobacterium- Methylorubrum, Pseudomonas and
Chryseobacterium were the main representative genera detected in CAB samples.

The few samples treated with bacteriocin or bacteriocin plus high hydrostatic pressure that
could be analysed showed taxonomic profiles at phylum level resembling the control samples at early
storage, with Pseudomonadota being the most abundant phylum, followed by Bacillota. Pseudomonas,
Sphingomonas, Methylobacterium-Methylorubrum, Aquabacterium, Acinetobacter, Enterococcus or Bacillus
were among the most represented ASVs.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Bacterial diversity of samples at phylum (a) and genus level (b). Untreated control (C), bacteriocin
treated (B), HHP treated (H), and bacteriocin and HHP treated (BH). Samples with abuse temperature are
indicated with "AB". Each number corresponds to the different sampling times (in days) during storage. .

Principal coordinate analysis (PCoA) showed the differences in bacterial diversity at genus level
between samples subjected to different treatments, storage times and temperature conditions (Figure
2). A subgroup formed by the control samples taken from day 3 of storage and not subjected to
abusive temperature (C3, C5, C7 and C30) can be observed, which are clearly distant from the rest of
the samples. Furthermore, the storage times showed in some cases an influence on the bacterial
composition regardless of the type of treatment to which they were subjected, as in the case of the
subgroups formed by the samples taken at the beginning of storage (C0, C2 and BHO).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202601.1420.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 January 2026 d0i:10.20944/preprints202601.1420.v1

7 of 12

0.8
CAB3
L]
0.6
. BAB3
0.4
o BH7
H15 0.2
s ./~ BHAB3 AT
o~ .
(5N
" BHAB7
I 3 t 0 i
1 -0,8 -0.6 874 -0<2. BAB7 0 0.2 0.4 0.6 0.8
CG15
BH15® * B2
o 0.2 .
** CAB30
CAB15 . . 8HO
Cco c2
04
F1

Figure 2. Principal coordinates analysis of untreated control (C), bacteriocin treated (B), HHP treated (H) and
bacteriocin and HHP treated (BH) samples. Samples with abuse temperature are indicated with "AB" and cross-

shaped. Each number corresponds to the different sampling times (in days) during storage.

4. Discussion

The results obtained in the present study indicated that the concentrations of total aerobic
mesophilic bacteria (TAM) in the vegetable puree remained low during storage. However, TAM
rapidly increased with a 24-h temperature abuse period (emulating a cold chain break event),
reaching up to 7.73 log CFU/g. The negative effect on the microbiological safety of food when
experiencing a break in the cold chain has been demonstrated by previous studies. [32] reported
similar results in a study with courgette puree. An increase in temperature during storage (from 4 °C
to room temperature) led to an increase in TAM counts from 3.9 to 7.8 log CFU/g. Similar results
regarding high levels of contamination of vegetable foods by TAM were reported by [33] although
there are also studies in which such TAM values in vegetables were lower [34].

Previous studies already reported the high efficacy of HHP treatments on vegetables such as
pumpkin [35]. Our study has shown that the use of HHP treatment at 55 °C (alone or in combination
with bacteriocin) resulted in the reduction of TAM counts in the puree below the limit of detection
throughout storage, preventing bacterial proliferation during temperature abuse conditions. This
would be expected considering the low initial microbial load of the puree samples and the enhanced
antimicrobial activity obtained when HHP treatments are applied in combination with moderate heat
[36, 37, 38, 39]. Importantly, the combination of HHP treatments with heat has also been reported to
improve inactivation of bacterial endospores [40, 41, 42], which may represent one of the main risks
in ready-to-eat slightly processed vegetable foods.

Although not as effective as HHP, bacteriocin treatment also resulted in the reduction of TAM,
obtaining values below the detection limit by the end of storage. Interestingly, addition of AS-48 to
the puree samples was an effective barrier against bacterial proliferation in the puree samples during
temperature abuse conditions. The effectiveness of enterocin AS-48 has already been tested for the
biopreservation of ready-to-eat vegetable foods against aerobic mesophilic endospore-forming
bacteria by [43] and in several types of vegetable foods [11, 12, 44]. Similar to nisin [41], enterocin AS-
48 improves microbial inactivation and reduces the recovery of survivors when tested in combination
with HHP treatments [45]. However, a synergistic effect of AS-48 and HHP treatment could not be
demonstrated in the carrot and pumpkin puree given the very low TAM concentrations in the puree.

The analysis of bacterial diversity showed that the control samples showed a high proportion of
Pseudomonadota at the beginning of storage, with a progressive change in refrigeration conditions
without temperature abuse towards a greater abundance of Bacillota, with Bacillus appearing as the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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clearly dominant genus. We could speculate that the observed changes could be due to reactivation
of psychrotrophic Bacillus strains, displacing other members of the bacterial community that may be
present in the samples. However, under conditions of temperature abuse, the microbiota was
characterised by a persistence of Pseudomonadota and the increase in relative abundance of
Acinetobacter (among others). In contrast, the rest of the treated samples (irrespective of treatment)
showed mostly a microbiological profile dominated by the phylum Pseudomonadota with a reduced
presence of Bacillota and less development of undesirable genera such as Bacillus throughout storage.

The results reported here highlight the efficacy of HHP and bacteriocins in the inactivation of
potentially pathogenic microorganisms in food matrices, as is the case of the genus Acinetobacter
whose relative abundance in samples subjected to temperature abuse was reduced in treated samples
compared to control samples. At the same time, the results obtained could be considered alarming,
considering the risks of spread of antibiotic resistant bacteria [46] and outbreaks caused by pathogens
present in vegetables, such as the recent case reported by [47], in which a virulent strain of the genus
Bacillus associated with vegetable food was isolated from a food outbreak and caused three deaths.
Being a soil bacterium, Bacillus can spread easily to vegetable foods. A previous study reported a
prevalence of 20% for Bacillus cereus in cooked chilled foods containing vegetables, and most of the
B. cereus strains isolated were psychrotrophic [48]. Most worrying, members of Bacillus can produce
different toxins [49, 50], among which cereulide may cause multi-organ failure [51]. Regarding
Acinetobacter, previous studies have reported the presence of this bacterium from drinking water and
foods [52], including vegetables [53]. Acinetobacter has been reported in carrot wash water [54], and
multidrug-resistant (MDR) A. baumannii and A. lwoffii have been detected in carrots originating from
crops irrigated with water from the Jakara River in Nigeria, into which domestic, hospital,
commercial, and industrial sewage is discharged [55]. While most Acinetobacter spp. are non-
pathogenic environmental organisms, those species adapted to clinical environments are now
causing serious health problems [56]. Further studies are needed involving isolation of Bacillus and
Acinetobacter strains from the purees and characterization of their potential for production of toxins
and spread of antibiotic resistance genes.
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