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Abstract  16 

In this work, an integrated microbiological and physico-chemical approach was applied to monitor 17 

the decay of mono-varietal RTE escarole and red chicory during the refrigerated storage. Total 18 

mesophilic microorganisms, total psychrotrophic microorganisms and pseudomonads were detected 19 

at the highest cell densities in all samples just after packaging and at the expiry date in both procuts. 20 

The dominating microbial populations analysed by classical culture-dependent methods belonged to 21 

Pseudomonas and yeast groups. Illumina sequencing identified Janthinobacterium lividum and 22 

Pseudomonas veronii as main species. Regarding the physico-chemical quality until expiry date, the 23 

main differences were found for weight loss, higher for escarole, and increase of TA and L*, higher 24 

for red chicory. This work showed how the microbiological and physico-chemical shelf life 25 

parameters change over time for fresh escarole and red chicory when the cold chain is strictly 26 

applied.  27 

 28 

Practical applications  29 

The monitoring of the microbiological, chemical and physical decay of monovarietal escarole and 30 

red chicory during refrigeration indicated how the parameters considered changed over time. These 31 

findings are useful to predict the evolution of quality parameters of vegetables in mixed salads. 32 

 33 

Keywords: Escarole; Fresh cut vegetables; Microbial biodiversity; Red chicory; Vegetable decay 34 

 35 

1. INTRODUCTION 36 

Due to their effects against several diseases (Chakraborty & Chattopadhyay, 2018), vegetables are 37 

no more considered just as side dish for many consumers. Vegetarian diet is based mainly on 38 

vegetables, while vegan diet excludes any source of animal origin. The modern life-style 39 

determined an increase of the request for vegetables with a high convenience of use. For this reason, 40 

it has been registered an increasing trend of minimally processed ready-to-eat (RTE) production 41 
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(Putnik et al., 2017). RTEs provide almost all characteristics of fresh vegetables and do not 42 

necessitate further treatments before consumption (Maffei, Alvarenga, Sant’Ana, & Franco, 2016).  43 

Many leafy vegetables used for fresh cut salads belong to the Asteraceae family (Tsironi et al., 44 

2017). Among these, escarole and red chicories, have been widely adopted for producing RTE 45 

salads as they resist to cut, are characterised by a long shelf life and can add colour to the mix of 46 

vegetables. They have also gained consumer attention as they are considered “healthier” foods 47 

(Dupont, Mondi, Willamson, & Price, 2000). Escarole (Cichorium endivia var. latifolia), also called 48 

broad-leaved endive, has wide leaves with light green colour and has a less bitter taste than other 49 

endives. This species supplies fibre content and phytochemicals with antioxidant properties (mainly 50 

vitamin C and polyphenols) (Llorach, Martínez-Sánchez, Tomás-Barberán, Gil, & Ferreres, 2008). 51 

Red chicories (Cichorium intybus var. silvestre) are a group of leafy vegetables with variegated red 52 

or white-veined red-leaved coloured leaves (red with white ribs) very popular in Italy. They are 53 

mostly consumed raw in salads to add color and zest due to their distinctive slightly bitter taste 54 

(Alfonzo et al., 2018). Red chicories are also consumed after cooking in many traditional culinary 55 

preparations. The interest of consumers towards this product is mainly due to the potential health 56 

benefit of its phytochemical content linearly correlated with the antioxidant capacity (Lavelli, 57 

2008). Red chicories have been found to possess the highest polyphenol content among many fresh 58 

consumed leafy vegetables and a high content of anthocyanin pigments (Innocenti et al., 2005; 59 

Rossetto et al., 2005). Hence, the high amounts of these compounds in red chicory could encourage 60 

its consumption (Ninfali, Mea, Giorgini, Rocchi, & Bacchiocca, 2005). 61 

The pre-harvest microbial contamination plays a defining role on the microbiological quality of 62 

minimally processed vegetables, because conventional surface sanitation methods can reduce the 63 

microbial load, but hardly eliminate pathogens if present (Olaimat & Holley, 2012). Cutting 64 

represents the main operation during the processing of RTE leafy vegetables with the consequence 65 

that fresh cut vegetables deteriorate faster than intact produce. This is due to the disrupted cells that 66 

release their content making available enough energy and nutrients to support microbial 67 
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proliferation (Alfonzo et al., 2018). The microbiota of fresh vegetables includes bacterial pathogens, 68 

such as Aeromonas hydrophila, Bacillus cereus, Clostridium spp., Escherichia coli O157:H7, 69 

Listeria monocytogenes, Salmonella spp., Shigella spp., Vibrio cholerae, Campylobacter spp. and 70 

Yersinia enterocolitica (Beuchat, 2002), and several spoilage microorganisms composed of 71 

bacterial genera (mainly Erwinia, Pseudomonas, Xanthomonas and Pectobacterium) and yeasts 72 

(Lavelli, Pagliarini, Ambrosoli, & Zanoni, 2009; Liao, Sullivan, Grady, & Wong, 1997). 73 

Despite the sanitizing procedures applied during post-harvest manipulation (Gil et al., 2015), RTE 74 

leafy vegetables have been recently been implicated with several foodborne diseases (Alegbeleye, 75 

Singleton, & Sant’Ana, 2018). Thus, due to their economic and public health relevance, recently, 76 

these products have been object of investigations aimed to characterize the microbial populations, 77 

by means of culture-dependent and –independent tools, of retail salads mainly at the time of 78 

collection/purchasing (Higgins et al., 2018; Jackson, Randolph, Osborn, & Tyler, 2013). 79 

Furthermore, these products are generally investigated  considering mix of vegetables, but very 80 

limited information are available on the bacterial evolution of mono-varietal salads to predict the 81 

microbial dynamics of each species. 82 

The present work was aimed to evaluate the microbiological quality of mono-varietal RTEs of 83 

escarole and red chicory collected soon after processing directly from the production factory to keep 84 

under control the cold chain during the entire shelf life. In order to better compare the microbial 85 

communities of the two different vegetable systems, their microbial dynamics were correlated with 86 

the physico-chemical parameters registered at the time of production and at the expiry date 87 

indicated on the labels. 88 

 89 

2. MATERIALS AND METHODS 90 

2.1. Sample collection and storage 91 

Mono-varietal RTE escarole and red chicory were collected directly from a factory (Rosone S.p.a., 92 

Palermo, Italy) just after packaging. Both minimally processed products were placed into a portable 93 
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fridge to be kept under refrigeration during transport (approximately 30 min) and transferred to the 94 

laboratories of “Agricultural Microbiology” and “Vegetable Analysis” (Department of Agricultural 95 

and Forestry Science, University of Palermo) to carry out the chemico-physical and microbiological 96 

determinations, respectively at T0. Sealed packs were stored at 4 °C for 9 d (T9) that represented the  97 

expiry dates reported on the plastic envelopes and the RTEs subjected to the same analyses of T0. 98 

The collection of RTEs was carried out in duplicate at 2- week interval.  99 

 100 

2.2. Microbiological analyses 101 

Twenty-five grams of each RTE sample were added with 225 mL Ringer’s solution 102 

(SigmaeAldrich, Milan, Italy), homogenised with the stomacher BagMixer® 400 (Interscience, 103 

Saint Nom, France) at the highest speed for 2 min, and then subjected to the serial decimal dilution. 104 

The microbiological investigation included the enumeration of the following populations: total 105 

mesophilic microorganisms (TMM) on plate count agar (PCA), incubated at 30 °C for 72 h; total 106 

psychrotrophic microorganisms (TPM) on plate count agar (PCA), incubated at 7 °C for 7 d; 107 

pseudomonads on Pseudomonas agar base (PAB) added with CFC supplement, incubated at 25 °C 108 

for 48 h; members of the Enterobacteriaceae family on violet red bile glucose agar (VRBGA), 109 

incubated at 37 °C for 24 h; total coliforms on violet red bile agar (VRBA), incubated at 37 °C for 110 

24 h; enterococci on kanamycin aesculin azide (KAA) agar, incubated at 37 °C for 24 h; coagulase-111 

positive and coagulase-negative staphylococci (CPS and CNS) on Baird Parker (BP) added with 112 

RPF supplement, incubated aerobically at 37 °C for 48 h; L. monocytogenes on Listeria Selective 113 

Agar Base (LSAB) added with SR0140E supplement, incubated at 37 °C for 48 h; yeasts on yeast 114 

extract peptone dextrose (YPD) agar supplemented with 0.1 g/L chloramphenicol to avoid bacterial 115 

growth, incubated at 30 °C for 48 h. Microbiological counts were carried out in triplicate and the 116 

results expressed as log CFU/g. 117 

 118 

2.3. Isolation and grouping of bacteria  119 



6 

After growth, five identical colonies (or fewer if five were not available or showed confluent 120 

growth) were collected from the highest plated dilutions for each morphology (color, margin, 121 

surface and elevation) of bacteria detected. All isolates were purified by successive sub-culturing on 122 

the optimal growth media. The purity of bacteria, as well as their cell morphologies and motility 123 

were determined microscopically. Preliminary characterization of bacterial species was carried out 124 

with the method of Gregersen (1978) determined by transferring fresh colonies from a petri dish to 125 

a glass slide and adding 3% of KOH water solution to determine the type of cell wall and with the 126 

evaluation of the presence of catalase by addition of H2O2 (5%, w/v) to the colonies. Spore 127 

formation was investigated as follows: the cell suspensions of the pure cultures were treated at 85 128 

°C for 15 min and, subsequently, inoculated in the same media used for isolation and purification 129 

and incubated at the optimal growth conditions.  130 

 131 

2.4. Genotypic differentiation and identification of bacteria  132 

Overnight grown bacterial isolates were subjected to the DNA extraction by means of the InstaGene 133 

Matrix kit (Bio-Rad, Hercules, CA, USA) following manufacturer’s instructions. The cell extracts 134 

were used as templates for PCR. 135 

The differentiation of bacterial cultures at strain level was performed by random amplification of 136 

polymorphic DNA (RAPD)- PCR. Each reaction mix (25 μL) included single primers and the 137 

amplifications were carried out with the SwiftTM MaxPro Thermal Cycler (Esco Micro Pte Ltd, 138 

Rome, Italy). PCRs were performed applying the protocol described by Gaglio et al. (2017) using 139 

three primers (M13, AB106 and AB111). The amplicons were run on 1.5% (w/v) agarose gels 140 

(Gibco BRL, Cergy Pontoise, France) for band separation. GeneRuler 100 bp Plus DNA ladder (M 141 

Medical Srl, Milan, Italy) was loaded as molecular size marker. The gels were stained with the 142 

SYBR® safe DNA gel stain (Molecular probes, Eugene, OR, USA) and visualized by UV trans-143 

illumination. RAPD-PCR profiles were analyzed with the pattern analysis software package 144 

GelCompar II software version 6.5 (Applied-Maths, Saint-Marten-Latem, Belgium). Calculation of 145 
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similarities of band profiles was based on the Pearson product moment correlation coefficient. 146 

Dendrograms were obtained by means of the unweighted pair group method using an arithmetic 147 

average clustering algorithm. 148 

All bacteria showing different RAPD-PCR profiles were analysed by 16S rRNA gene sequencing. 149 

PCRs were performed as described by Weisburg, Barns, Pelletier, and Lane (1991) using the 150 

primers rD1 (5’-AAGGAGGTGATCCAGCC-3’) and fD1 (5’-AGAGTTTGATCCTGGCTCAG-151 

3’). DNA fragments were run and visualized as reported above. The PCR products were purified 152 

using 10 U of exonuclease I and 1 U of shrimp alkaline phosphatase (Thermo Fisher Scientific). 153 

DNA sequencing reactions were performed with a BigDye Terminator v3.1 cycle sequencing kit 154 

(Applied Biosystems, Beverly, MA) with 5 µM of each of the primers used for PCR. Cycle 155 

sequencing reactions were performed according to the manufacturer’s instructions following 156 

ethanol-EDTA-sodium acetate precipitation. Sequencing analyses were performed in an ABI Prism 157 

3130xl genetic analyzer (Applied Biosystems) at the AGRIVET Centre (University of Palermo). 158 

The sequences were compared with those available in the EzTaxon-e (http://eztaxon-159 

e.ezbiocloud.net/) database that compares a given sequence to those of type strains only (Chun et 160 

al., 2007). 161 

 162 

2.5. Phenotypic and genotypic characterization of yeasts 163 

The different colonies of yeasts were collected at the highest cell suspension dilutions from the agar 164 

plates, purified by several consecutive sub-culturing and phenotypically grouped based on their 165 

cellular shapes.  166 

The representative yeast cultures of each group were genetically processed. DNA extraction was 167 

performed as described per bacteria. All isolates were differentiated through restriction fragment 168 

length polymorphism (RFLP) analysis of the region spanning the internal transcribed spacers (ITS1 169 

and ITS2) and the 5.8S rRNA gene as reported by Esteve-Zarzoso, Belloch, Uruburu, and Querol 170 

(1999). The isolates representative of each RFLP group were identified at species level by 171 
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sequencing the D1/D2 region of the 26S rRNA gene to confirm the preliminary identification 172 

obtained by RFLP analysis. D1/D2 region was amplified and the PCR products visualized as 173 

described by Moschetti et al. (2016). The identity of the yeast sequences was determined by 174 

comparison with the sequences available in the GenBank/EMBL/DDBJ 175 

(http://www.ncbi.nlm.nih.gov) database (Altschul et al., 1997). 176 

 177 

2.6. DNA amplification, Illumina sequencing and data analysis 178 

Genomic DNA was extracted from mono-varietal salad samples just after packaging and after 9 d of 179 

refrigerated storage using QIAamp DNA Mini Kit and diluted to 5 ng/μL in 10 mM Tris pH 8.5. To 180 

amplify and sequence the V3-V4 hypervariable region (approximately 469 bp) of the 16S rRNA 181 

gene the Illumina protocol 16S Metagenomic Sequencing Library Preparation 15044223 (Rev. B) 182 

was used. The obtained libraries (approximately 630 bp in length) were normalized to 4nM, then 183 

pooled, and finally sequenced with MiSeq Reagent Kit v3, 600 Cycles sequencing kit (MS-102-184 

3003) on MiSeq System (Illumina). 185 

Sequences obtained from Illumina Sequencing were processed using QIIME2 software package 186 

version 2018.4 (Caporaso et al., 2010). Briefly, reads were demultiplexed and assigned to each 187 

sample according to the unique index. Sequences were filtered based on quality scores and the 188 

presence of ambiguous base calls using the quality-filter q-score options. Trimming was performed 189 

in order to trim sequences where quality score was less than 20 and, then, representative sequences 190 

were found using a 16S reference as positive filter as implemented in the deblur denoise-16S 191 

method. Finally, sequences were classified by taxon in Operational Taxonomic Units (OTUs) using 192 

a fitted classifier base on Greengenes 13.8 database. QIIME2 taxa barplot option was used for 193 

visualization of taxonomic composition of each sample. Alpha diversity analysis was performed 194 

using Chao1 estimator (Chao & Bunge, 2002) and observed OTUs in order to measure the 195 

community richness within samples. 196 

 197 
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2.7. Physico-chemical determinations 198 

Four RTE samples at each collection time were weighted to evaluate weight loss. Samples of 50 g 199 

(4 replicates) were homogenized with H2O (1:2 w/v); the homogenates were centrifuged at 3500 200 

rpm for 10 min and the supernatants were used for the analysis of soluble solids (SSC), titratable 201 

acidity (TA), ascorbic acid and nitrate contents. 202 

Soluble solid content (SSC) was determined with a digital refractometer (MTD-045nD, Three-In-203 

One Enterprises Co., Ltd., Taiwan) and expressed as °Brix. Titratable acidity (expressed as mg of 204 

citric acid for 100g of fresh weight) was determined by titrating 10 mL of water extract with 0.1 M 205 

NaOH up to pH 8.1. Ascorbic acid and nitrate contents (expressed as mg kg-1 of fresh weight) were 206 

obtained using a Reflectometer RQflex10 Reflectoquant and the Reflectoquant ascorbic acid and 207 

nitrate test strips (Merk, Germany) (procedures described in art. 1.16971.0001 and 1.16981.0001 by 208 

Merk (http://www.merckmillipore.com/chemicals/).  209 

Overall visual quality (OQ) was assessed by a panel made of 12 people (7 men and 5 women, aged 210 

25-55) using a 1 to 5 scale, where 5 = excellent product with a fresh appearance and optimal 211 

sensory acceptability (e.g. no colour modification, free from alterations), 3 = fair/limit of sensory 212 

acceptability and marketability (e.g. minor defects), and 1 = poor/unmarketable, with discoloured 213 

zones or severe defects. 214 

The colour of escarole and red chicory leaves  was evaluated at two points of the upper side of ten, 215 

randomly selected,  leaves for each replicate using a colorimeter (Chroma-meter CR-400, Minolta 216 

corporation, Ltd., Osaka, Japan). L*, a* and b* parameters were recorded and used for hue angle 217 

(h° = arctan(b*/a*) when a* > 0 and b* > 0, or as h° = 180° + arctan(b*/a*) when a*< 0 and b > 0 218 

(McGuire, 1992) and Chroma (C* = (a*2 + b*2)1/2) calculation . Total colour difference (ΔE) was 219 

also calculated as ΔE = [(L* − L0) + (a* − a0) + (b* − b0)]
1/2, where L0, a0 and b0 are the control 220 

values at the beginning of storage (T0). 221 

 222 

2.8. Statistical analyses 223 
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To determine the effect of storage on microbiological and physico-chemical parameters, a one-way 224 

ANOVA was carried out.  225 

 226 

3. RESULTS  227 

3.1. Levels of cultivable microorganisms 228 

The results of plate counts of lettuce and red chicory samples just after production and at the 9th day 229 

of refrigerated storage are reported in Table 1. Tukey’s test applied on the levels of microorganisms 230 

registered at T0 and T9 indicated that the populations of TPM, TMM, pseudomonads, total coliforms 231 

and yeasts were statistically different. For both vegetable productions the levels of TPM and TMM 232 

were comparable and represented the microbial groups found at the highest cell densities at T0 as 233 

well as at T9. Except for red chicory at T9, the levels of pseudomonads were almost superimposable 234 

with those of the psychrotrophic populations. The members of Enterobacteriaceae family and 235 

yeasts did not exceed 4.3 and 5.3 log CFU/g, respectively, after 9 d. Listeria spp. were detected  at 236 

both collection times. A slight decrease was registered in the levels of CPS from T0 to T9 for both 237 

produce. Enterococci and CPS were below the detection limits in all samples analysed.   238 

 239 

3.2. Phenotypic differentiation of microorganisms 240 

Four hundred and forty-five colonies were collected from the agar media used to retrieve the levels 241 

of the cultivable bacterial populations. All cultures were subjected to microscopic inspection and 242 

preliminary biochemical characterization. The combination of the characteristics evaluated for the 243 

phenotypic differentiation of the isolates allowed their separation into four groups (Table 2). 244 

Basically, three different cell morphologies were observed, with straight rods included in Groups I 245 

and IV, while cocci were further distinguished based on their cell disposition in short chain (Group 246 

II) or cluster (Group III). Only Group IV included Gram negative bacteria and motile cells. 247 

Regarding catalase test, Groups I and II were negative, while Groups III and IV were negative. The 248 
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vast majority of isolates (more than 72%) were included in Group IV. After colony and cell 249 

morphology recognition, 44 yeasts were selected for further investigations. 250 

 251 

3.3. Typing, identification and distribution of bacteria and yeasts 252 

Following a common procedure applied for strain differentiation, about 40% of the isolates of each 253 

phenotypic group was subjected to RAPD-PCR analysis and only the different strains (all isolates 254 

sharing the same RAPD pattern were considered the same strain) were further analysed by 16S 255 

rRNA gene sequencing. The resulting dendrogram (Fig. 1) showed that the bacteria found at the 256 

highest cell density were represented by eight Gram positive strains and 18 Gram negative strains.  257 

The most numerous genera were Pseudomonas and Staphylococcus among Gram negative and 258 

Gram positive bacteria, respectively. The 26 dominant strains belonged to 21 species with 259 

Pseudomonas extremaustralis and Staphylococcus saprophiticus being the most abundant.    260 

The combination of the length of the bands from 5.8S-ITS and the RFLP profiles allowed the 261 

identification of five yeast species belonging to five different genera (Table 3).  262 

The distribution of the viable bacteria and yeasts species among the two RTE vegetables at T0 and 263 

T9 was also investigated (Table 4). The highest species biodiversity was found in the samples of 264 

RTE escarole at T0 (15 bacterial and four yeast species), while the lowest diversity was registered 265 

for red chicory at T9 (three bacterial and two yeast species). In general, the number of both bacterial 266 

and yeast species diminished during storage. Regarding the most numerous species, both Ps. 267 

extremaustralis and St. saprophyticus were isolated from escarole for the entire monitoring period.    268 

It is worth noting that the colonies grown on LSAB were identified as Staphylococcus showing a 269 

low specificity of this media for Listeria. A low medium specificity was also observed for KAA, 270 

since some colonies collected from this substrate and considered presumptive enterococci were 271 

identified as Lactobacillus paracasei and Lactococcus lactis.  272 

 273 

3.4 Culture-independent analysis  274 
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After quality filters with DEBLUR method, 57,745 reads hit the reference with a mean value of 275 

14,436 per sample. Chloroplast and mitochondria sequences were removed from the dataset. 276 

Janthinobacterium lividum and Pseudomonas veronii were the only two species directly identified 277 

from the OTUs analysed (Results not shown). In particular the former detected only in red chicory 278 

at 9 d, while the latter in both salads at 9 d. Thus, in order to retrieve information at species level, 279 

the rest of the OTUs that could not be directly allotted into given species were manually blasted 280 

against the NCBI database. All four samples showed the presence of OTUs identified at genus level 281 

as Streptococcus which were assigned to the species Streptococcus thermophilus. Members of 282 

Flavobacterium genus, identified at species level as Flavobacterium dongtanense, were found only 283 

in red chicory at 9 d, while members of the family Oxalobacteraceae, identified as Massilia 284 

brevitalea were detected in both red chicory and escarole at 9 d. No significant differences were 285 

found between observed and predicted (Chao1estimator) OTUs. Therefore, the majority of OTUs 286 

present in each sample were captured.  287 

  288 

3.5. Evolution of physico-chemical parameters of fresh cut produce  289 

Both RTE escarole and red chicory consistently retained their water content until the end of the 290 

storage period. The higher weight loss (2.77 g/100 g f.w.) was registered for escarole. Storage at 4 291 

°C for 9 days did not affected SSC and nitrate content neither in escarole nor in red chicory (Table 292 

5). 293 

TA and ascorbic acid content increased during storage (Table 5). The increase was higher in red 294 

chicory (+37.0%) than escarole (+31.1%) for TA, while the raise of ascorbic acid content was 295 

comparable between the two trials (+21.5% on average). 296 

Storage induced some changes of colour parameters (Table 5). Lightness (L*) of leaf was not 297 

affected by storage in escarole, while significantly increased in red chicory. The changes in a* and 298 

b* parameters determined a significant decrease of colour saturation (-7.7% and -8.1% for chroma 299 

values in escarole and red chicory, respectively). Hue angle showed an opposite trend in escarole 300 



13 

with values increasing from 117.7 at day 0 to 120.3 at day 9, while no change was registered for red 301 

chicory. The analysis of colour variation against the colour of leaves at day 0, showed a significant 302 

effect of storage on total colour difference (ΔE). At the end of storage this parameter was 3.5 in 303 

escarole and 4.4 in red chicory. 304 

Scores for overall visual quality decreased slightly, but significantly, during storage. Nevertheless, 305 

samples of escarole and red chicory were characterized by an acceptability score well above the 306 

limit of marketability after 9 days of storage (Table 5).   307 

 308 

4. DISCUSSION 309 

Vegetables are important components of a healthy diet (FAO/WHO 2004); they provide a wide 310 

variety of nutrients (vitamins, carbohydrates, and proteins) and, due to their phytochemicals, exert 311 

several beneficial effect to the human body (Tango et al. 2018). Nowadays, vegetables are available 312 

in several forms from fresh unprocessed to cooked or precooked, but due to the modern frenetic 313 

life-style and the need of healthy foods characterized by a high convenience of use, fresh-cut 314 

vegetables represent the sector that is increasing more rapidly (Miceli & Miceli 2014; Putnik et al., 315 

2017). 316 

RTE salads are basically constituted of leafy vegetables whose surfaces and internal tissues are 317 

colonized by bacterial communities (Jackson et al., 2013). In fact, several soil bacteria are able to 318 

internalize and can contaminate fresh vegetables from the inside (Settanni, Miceli, Francesca, 319 

Cruciata, & Moschetti, 2013) making inefficient the decontamination by post-harvest washing 320 

treatments. In past, the microbiological quality of commercial RTE salads has been approached 321 

considering mix of vegetables (Jackson et al., 2013; Leff & Fierer, 2013) but very limited 322 

information are available on the bacterial evolution of a given mono-varietal vegetable (Alfonzo et 323 

al., 2018), in order to predict the microbial dynamics of commercial leafy vegetable salads.  324 

In the present work, escarole and red chicory were chosen as mono-varietal vegetable salads for 325 

their different growth habitus and antioxidant content that represent two different ecosystems for 326 
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the development of the microbial communities. Both salads were collected directly at a production 327 

plant in order to keep under control the entire storage period. This strategy allowed the 328 

determination of the quality parameters soon after packaging, a step generally not trackable when 329 

RTE vegetables are purchased in retail markets. The last sampling was performed after 9 d of 330 

refrigerated storage as indicated on the labels for the expiry date. The shelf-life of RTE vegetable 331 

products or salads established by manufacturers usually ranges between 7 and 14 d depending on 332 

the type of fresh produce selected (Garcia-Ginemo & Zurera-Cosano, 1997).   333 

Plate counts indicated that the dominant populations of both red chicory and escarole were 334 

represented by pseudomonads during the entire period of monitoring. The maximum level of TMM 335 

registered was around 107 CFU/g at the end of observation, that is below 108 CFU/g reported for 336 

green and red leaf vegetables by Jackson et al. (2013). Yeasts did not exceed 5.3 log CFU/g, after 9 337 

d. At the same sampling members of Enterobacteriaceae family were 2 log cycles lower than 338 

pseudomonads. In general, the microbial groups mostly associated with the spoilage of RTE 339 

vegetables are pseudomonads and yeasts (Lavelli et al., 2009; Liao et al., 1997; Tsironi et al., 2017). 340 

Listeria spp. were detected  at both collection times in both salads confirming the need for 341 

surveillance of Listeria monocytogenes in fresh cut vegetables (D’Aoust, 2007; Potter, Murray, 342 

Lawson, & Graham, 2012; Tsironi et al., 2017). 343 

The identification of the cultured dominant isolates indicated that just after packaging Pseudomonas 344 

extremaustralis was the most abundant species among the Gram negative community, while 345 

Staphylococcus saprophiticus within the Gram positive bacteria. Pseudomonas extremaustralis has 346 

been, recently, detected in red chicory subjected to different cutting operation (Alfonzo et al., 347 

2018). Staphylococcus saprophiticus is commonly associated with vegetables (Amaral, 2018) and is 348 

the causing agent of infection of the urinary tract (Kuroda et al., 2005). Both species were not 349 

detected at dominant levels after 9 d of refrigerated storage, but the group of pseudomonads was 350 

registered at the highest cell counts. In particular, at the end of the monitoring process, the main 351 

species found in both salads was Pseudomonas grimontii, object of recent investigations for its food 352 
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concerns (Cunault et al., 2018). Among the yeast community, Candida intermedia, Cryptococcus 353 

flavescens, Meyerozyma guilliermondii, Pichia fermentans and Trichosporon moniliiforme were 354 

identified, of which only Candida genus includes species responsible for candidal infections 355 

(Jencson, Cadnum, Piedrahita, & Donskey, 2017).  356 

Culture-independent analysis revealed the presence of Betaproteobacteria, Gammaproteobacteria, 357 

Firmicutes and Bacteroidetes among the main bacterial lineages. Previous studies evidenced similar 358 

results, Rastogi et al. (2012) identified  Bacteroidetes, Firmicutes and Proteobacteria in romaine 359 

lettuce, Lopez-Velasco, Welbaum, Boyer, Mane, and Ponder (2011) detected Firmicutes and 360 

Proteobacteria as dominant bacterial groups in spinach, while Gammaproteobacteria (mainly 361 

Enterobacteriaceae family members) prevailed in several vegetables as revealed by Leff and Fierer 362 

(2013). Gammaproteobacteria and Betaproteobacteria were also found to dominate the bacterial 363 

community of leaf vegetable as reported by Jackson et al. (2013).  364 

Regarding the chemical and physical parameters of the minimally processed escarole and red 365 

chicory, weight loss occurring during storage may negatively change the appearance and quality of 366 

leafy vegetables, especially in those  subjected to the cut operation as fresh cut products (Toivonen 367 

& DeEll, 2002). Nevertheless, minimally processed vegetables are generally packed in sealed 368 

plastic films that have low permeability to water vapour determining  a very high RH inside the 369 

sealed bags (almost 100% RH) (Alfonzo et al., 2018; Miceli & Miceli, 2014; Miceli, Romano, 370 

Moncada, D’Anna, & Vetrano, 2015; Watada & Qi 1999), so dehydration is not a main issue as we 371 

found for fresh cut escarole and red chicory. Moreover, products stored in sealed plastic bags at low 372 

temperature usually have a low respiration rates (Alfonzo et al., 2018), as confirmed by the very 373 

small reduction of SSC. Titratable acidity increased significantly during storage, probably due to 374 

tissues breakdown that vegetables suffer during storage. This increase could be explained by the 375 

high levels of CO2 which build up in the atmosphere inside the packs that may cause a drop in pH 376 

(Daniels, Krishnamurthi, & Rivdi, 1985; Farber, 1991). The TA increase corresponded to an  377 

increase in ascorbic acid content. The amount  of this very labile compound is often related to the 378 
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nutritional value of vegetables and may also provide indications of product degradation during 379 

storage. We observed that ascorbic acid content increased about 21% during 9 days of storage at 4 380 

°C. Similar variations during the initial days of cold storage were also reported for Swiss chard 381 

(Miceli & Miceli, 2014), carrots (Howard, Wong, Perry, & Klein, 1999), green asparagus (Esteve, 382 

Farre, Frigola, & Clemente, 1995) and broccoli (Eheart & Odland 1972; Wu et al. 1992). 383 

The amount of nitrate accumulated in leafy vegetables can determine a negative effect on human 384 

health. Escarole and red chicory were not affected by cold storage and had an average nitrate 385 

content of 1065.0 and 445.0 mg/kg f.w. respectively, as also found by other authors (Alfonzo et al., 386 

2018; Santamaria, 2006).  387 

Visual quality has a great importance in determining product acceptance and marketability. The 388 

colour changes that leafy vegetables may undergo during storage can be an index of freshness loss 389 

and microbiological decay. Colour modifications during storage were recorded in escarole and red 390 

chicory with different extent for L*, a* and b* parameters.  Total colour difference (ΔE) recorded 391 

after 9 days of storage at 4 °C can be classified as very distinct (ΔE > 3; Adekunte, Tiwari, Cullen, 392 

Scannell, & O’Donnell, 2010) for both escarole (3.5) and red chicory (4.4) but did not determined 393 

reduction of the overall appearance below the sensory acceptability. Overall appearance of RTE 394 

escarole and red chicory changed significantly during storage, but after 9 days at 4 °C OQ scores 395 

were still above the limit of marketability thus confirming that these vegetables have a shelf life 396 

longer than the expiration date when stored continuously at low temperature (Cefola et al., 2016; 397 

Alfonzo et al, 2018).  398 

In conclusion, the decay affecting mono-varietal RTE escarole and red chicory was followed 399 

through an integrated microbiological and physicochemical approach. The main microbial group 400 

detected just after packaging and, then, at the expiry date was represented by pseudomonads. The 401 

highest  biodiversity in terms of species was found by the classical culture-dependent approach 402 

rather than next generation sequencing. At the end of the observation period, Ps. grimontii 403 

dominated in both RTE products. Although both matrices retained consistently their water content, 404 
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a higher weight loss was found for escarole. A higher increase of TA and L* was registered in red 405 

chicory after 9 d.  406 

This study showed that the strict application of the cold chain determines the global quality 407 

retention for escarole and red chicory.  408 
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Table 1. Microbial loads of RTE samplesa 550 

 551 
 552 
 553 
 554 
 555 
 556 
 557 
 558 
 559 
 560 
 561 
 562 
 563 
 564 
 565 
 566 
 567 

 568 
a Units are log CFU/g. Results indicate mean values ± S.D. of four plate counts (carried out in duplicate for two different productions).  569 
b Data within a line followed by the same letter for the escarole and red chicory at 0 d (soon after purchasing) and 9 d (expiry date) are not significantly 570 
different according to Tukey’s test. P value: *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; N.S., not significant. 571 
Abbreviations: TPM, total psychrotrophic microorganisms; TMM, total mesophilic microorganisms; CPS, coagulase-positive staphylococci; CNS, 572 
coagulase-negative staphylococci. 573 
  574 

Microbial group Escarole 
 

Statistical significanceb  Red chicory  Statistical significanceb 

 0 d 9 d    0 d 9 d   

TPM 5.5 ± 0.4A 7.0 ± 0.2B  *** 

 

* 

 

 

 

 5.9 ± 0.5A 7.4 ± 0.3B  *** 

TMM 5.9 ± 0.5A 7.4 ± 0.3B  *** 

 

 6.0 ± 0.3A 7.0 ± 0.2B  ** 

Pseudomonads 5.5 ± 0.1A 6.7 ± 0.3B  **  5.6 ± 0.2A 6.7 ± 0.3B  ** 

Enterobacteriaceae 3.8 ± 0.3A 4.3 ± 0.5A  N.S.  4.1 ± 0.2A 4.3 ± 0.5A  N.S. 

Total coliforms 2.6 ± 0.4A 3.5 ± 0.5B  **  2.5 ± 0.3A 3.5 ± 0.5B  ** 

Enterococci <2A <2A  N.S.  <2A <2A  N.S. 

Yeasts 4.4 ± 0.3A 5.3 ± 0.2B  **  4.4 ± 0.3A 5.3 ± 0.2B  ** 

Listeria spp.  2.2 ± 0.3A 2.5 ± 0.3A  N.S.  2.0 ± 0.1A 2.5 ± 0.3A  N.S. 

CPS <2 <2A  N.S.  <2A <2A  N.S. 

CNS 3.2 ± 0.4A 2.8 ± 0.1A  N.S.  3.5 ± 0.6A 3.4 ± 0.7A  N.S. 



21 

Table 2. Phenotypic grouping of bacteria isolated from ready-to-eat salads.  575 

 576 
 577 
 578 
 579 
 580 
 581 
 582 
 583 

 584 
Abbreviations: n, number of isolates; n.d., not determined.  585 

Characters Groups    

I (n = 16) II (n = 21) III (n = 102) IV (n = 321) 

Cell morphology Straight rod Coccus (short chain) Coccus (cluster) Straight rod 

Gram reaction Positive  Positive  Positive Negative  

Catalase test Negative Negative Positive Positive 
Motility  – – – + 

Spore formation – n.d. n.d. – 
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Table 3. Molecular identification of yeasts. 586 
 587 

 588 

 589 

 590 

 591 

a According to BlastN search of D1/D2 26S rRNA gene sequences in NCBI database. 592 
*The Submission code will be replaced later with the assigned GenBank Accession Numbers. 593 
 594 

Species  Strain 5.8S-ITS PCR (bp) Size of restriction fragments (bp) % similaritya  Acc. No.* 

CfoI HaeIII HinfI 

Candida intermedia 4G67 390 190+200 390 190+200 99% KU708236.1 MK028822 

Cryptococcus flavescens 4G300 540 230+310 540 165+275 100% EU386724.1 MK028823 
Meyerozyma guilliermondii 4G58 600 275+325 400 280+320 100% KX792967.1 MK028824 

Pichia fermentans 4G140 450 100+175 390 195+255 99% KM655842.1 MK028825 

Trichosporon moniliiforme 4G101 540 300 540 240+280 99% KT895976.1 MK028826 
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Table 4. Speciographic distribution of bacteria and yeasts among RTE vegetables.  595 

Species RTE vegetables 

 T0 escarole T0 red chicory T9 escarole T9 red chicory 

Bacteria     

E. ludwigii ■  ■  

H. alvei ■  ■  

H. paralvei ■    

Lb. paracasei   ■  

Lc. lactis ■ ■   

L. amnigena ■    

P. agglomerans   ■  

P. vagans  ■   

Ps. azotoformans ■    

Ps. extremaustralis ■ ■   

Ps. grimontii ■  ■ ■ 

Ps. koreensis  ■  ■ 

Ps. marginalis ■  ■  

Ps. trivialis  ■   

Ps. weihenstephanensis ■  ■  

R. variigena ■    

S. fonticola    ■ 

St. epidermidis ■    

St. fleurettii  ■   

St. saprophyticus ■ ■   

St. stepanovicii ■    

     

Yeasts     

C. intermedia ■ ■ ■  

Cr. flavescens ■ ■ ■ ■ 

M. guilliermondii ■    

Ph. fermentans ■ ■ ■ ■ 

T. moniliiforme  ■   

Abbreviations: C., Candida; Cr., Cryptococcus; E., Enterobacter; H., Hafnia; Lb., Lactobacillus; Lc., Lactococcus; L., Lelliottia; M., Meyerozyma; 596 
P., Pantoea; Ph., Pichia; Ps., Pseudomonas; R., Rahnella; S., Serratia; St., Staphylococcus; T., Trichosporon. 597 

 598 

  599 
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Table 5. Chemical and physical parameters of RTE vegetables. 600 

Storage Weight loss SSC TAa Ascorbic Acid N-NO3 L* Chroma Hue angle ΔE OQb 

(d at 4 °C) (g 100g-1 f.w.) (°Brix) (mg 100g-1 f.w.) (mg kg-1 f.w.) (mg kg-1 f.w.) 
           
 

Escarole 

0 
 

3.4 15.4b 22.8b 1120.0 56.9 36.5a 117.7b 
 

5.0a 

9 2.77 3.1 21.1a 27.8a 1010.0 55.6 33.7b 120.3a 3.5 4.1b 
           
 

Red chicory 

0 
 

5.5 18.3b 78.5b 395.0 30.9b 32.1a 9.1 
 

5.0a 

9 1.87 5.2 24.0a 95.0a 495.0 34.7a 29.5b 8.2 4.4 3.9 

 601 
Data within a column for each vegetable  followed by the same letter are not significantly different at P<0.05 according to ANOVA.  602 
a Tritatable acidity expressed as citric acid.  603 
b Overall visual quality  5: excellent or having a fresh appearance; 3: average - limit of marketability; 1: unmarketable604 
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Legend to figures 605 

Fig. 1. Dendrogram of bacteria obtained with combined RAPD patterns. Abbreviations: E., 606 

Enterobacter; H., Hafnia; Lb., Lactobacillus; Lc., Lactococcus; L., Lelliottia; P., Pantoea; Ps., 607 

Pseudomonas; R., Rahnella; S., Serratia; St., Staphylococcus. 608 

  609 
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Fig. 1.  610 

 611 
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