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Abstract

Introduction. From 2001-2009 there have been numerous community alerts and noti-
fications about the rocket salad produced in Italy and distributed in Europe. Our study
describes the evolution of the microbial quality of ready to eat rocket salad during shelf
life among three different Italian producers.

Material and methods. Total Mesophilic Count (TMC) and Escherichia coli (EC) count
were measured in 248 samples. We used Wilcoxon test to compare the median values of
TMC and EC counts and Kruskal Wallis test to compare the producers.

Results. The TMC and EC values differed among producers at the stages of raw mate-
rial and in the finished product (Kruskall Wallis test, p < 0.05). The evolution of bacterial
charges had significant differences among producers at expiration date (Wilcoxon test, p
< 0.05). More than half of the samples (54.8%) exceed reference standard for TMC after
48 h from packaging.

Conclusion. Differences among producers may linked to the different minimal process-
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ing technologies adopted after harvesting.

INTRODUCTION

The recent advancement of agronomic practices cou-
pled with the development of efficient technologies for
the processing, preservation, packaging and distribu-
tion of raw vegetables permit the fresh vegetable indus-
try to continuously supply consumers with a wide range
of high-quality products in most countries of the world.
Raw and minimally processed vegetables are those
available to the consumer in a ready-to-eat (RTE) form
and are defined as a product that has been peeled, cut
or otherwise physically altered from its original form,
but remains in a fresh state and is intended for con-
sumption raw [1]. In Europe, the increasing demand
of fresh vegetables is causing an expansion of the mar-
ket share of RTE vegetables. For example in Italy, the
consumption of RTE vegetables has shown a substantial
growth from 14,736 t (corresponding to a market value
of 138.677 million euro) in 2002 to 50,723 t (397.599
million euro) in 2009.

The increased consumption of these products implies
an increased risk for health of consumers, because sev-
eral pathogenic microorganisms can be found in veg-
etables, including Verocytotoxin-producing Escherichia

coli, Salmonella enterica and Listeria monocitogenes [2-6].
In recent years, a growing number of foodborne disease
outbreaks have been traced back to the consumption of
raw vegetables [7-16] increasing the concern that veg-
etables might be more important as vehicle for patho-
gens than previously thought.

The contamination of RTE products may take place
along the whole production chain. Potential sources of
contaminants include the water used for irrigation and
in all the phases of production chain after the harvest,
the microbiological quality of soil and the cross-con-
tamination from the staff handling the products [17].

In recent years, the European Rapid Alert System
for Food and Feed (RASFF) has repeatedly drawn the
attention of Member States on the microbial contami-
nation of vegetables products. In particular, in the pe-
riod 2001-2009 there have been numerous community
alerts and notifications about the rocket salad (Eruca
sativa also known as arugula or rucola lettuce) produced
in Italy and distributed in several European Countries.
Most of these alerts originated in Sweden and were re-
lated to Salmonella (S. Napoli, S. Thompson, S. typhimu-
rium) contamination in rocket salad imported from Italy
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but other alerts for the same reason were reported also
in Norway, in England, in Finland, and Slovenia [12]
(https://webgate.ec.europa.eu/rasff-window/portal/).
These repeated community alerts and notifications re-
quire the acquisition of scientific evidence about the pre
and post harvest determinants of the microbial quality
of Italian RTE rocket salad. However, we are still lack-
ing of basic knowledge on the dynamics of common
microbial indicators during the shelf life of this product
and their variation among different producer brands.
The aim of this study is to assess the evolution
through time of microbiological counts of RTE rocket
salad in Italy during shelf life and to assess the variation
among different producers. We selected Total Meso-
philic Count (TMC) and Escherichia coli (EC) as major
general indicators. Since different producers may use
different minimal processing technologies (post harvest
technologies), we estimate the variability of microbial
counts through time among three different producers.

MATERIAL AND METHODS

RTE rocket salad production line

of studied producers

All producers, located in central Italy, follow the ap-
plication of HACCP (Hazard Analysis and Critical

Control Point) [17]. In addition to a strict application

of HACCP, Producer 1 follows also Good Agricultural

Practice (GAP). Producer 2 and 3 basically differ from

Producer 1 for a less stringent application of HACCP,

no rigorous application of HACCP and different ap-

proaches to microbial reduction (use of chlorinated wa-
ter for Producer 2, or rapid refrigeration before packag-
ing Producer 3; see below). Temperatures during the
processing in factory are maintained at 10 + 2 °C for

Producer 1 and 3; 15 °C for Producer 2. The phases

of post harvest production of RTE rocket salad of the

three producers are briefly described below:

1. Field harvesting. Only Producer 1 undertakes a
processing stage before entering the production
line. This follows GAP that includes the washing of
raw rocket after harvesting in the field using water
that meets the quality criteria of the Codex Alimen-
tarius [18] and the discard of soil in excess.

2. Factory reception of raw materials and storage.
During this stage, a macroscopic control is carried
out by the staff to determine the general quality of
received rocket (including an evaluation of residues
of soil, stones, etc.) maintaining the temperature
of rocket at 4 + 2 °C. Storage, when necessary, is
under controlled conditions of temperature (4 - 8
°C) in refrigerated storerooms, avoiding exposure
to light.

3. Pre-washing and preparation. Dirty are removed
from the surface of the rocket. Following that,
rocket are washed a first time with potable water.

4. Washing and drying. Rocket is washed in a first
washing machine to reduce the initial microbial
load. The material enters afterwards a second
washing machine supplemented with potable wa-
ter (Producer 1 and 3) or water with the addition of
only 2 ppm of free chlorine, not followed by rinsing
(Producer 2). Water in excess is removed by cen-

trifugation. At this stage, only Producer 3 executes
a rapid refrigeration of the material at 4 °C at this
stage using a refrigerated tunnel.

5. Packaging and labelling. Rocket is packaged in
polyethylene bags in ca. 125-250 g portions and la-
belled with production date, expiry date, lot num-
ber, name and type of the product as well as nutri-
tional information.

6. Storage and distribution. Packaged products are
stored in refrigerated storerooms (4 + 2 °C), avoid-
ing exposure to light, until shipping to final desti-
nation within 24 h from packaging.

Sampling and bacterial determinations

During 2007 we obtained a total of 248 samples of
raw rocket (collected just after the previously described
steps 1-2) and RTE rocket (in their original sealed pack-
ages, collected just after the previously described steps
1-5). Samples (N = 92 from Producer 1, N = 108 from
Producer 2 and N = 48 from Producer 3) were trans-
ported to the laboratory at 4 °C for TMC and EC de-
terminations.

Raw rocket samples (N = 62) stored in refrigerators
(4 + 2 °C), were analysed within 48h from harvesting
(time TO, corresponds to raw material before the pro-
cessing stages), while sealed RTE packages (N = 186)
were stored in the laboratory at 4 °C and analysed af-
ter 1 (time T1, corresponds roughly to the arrival time
on shelves of commercial stores), 5-7 (time T2, corre-
sponds to the expiration date reported on the package)
and 9 days (time T3, corresponds to two days after ex-
piration date) from packaging. The number of samples
(of ca. 500 g of material each) per time and producer
were as follow: N = 23 for Producer 1, N = 27 for Pro-
ducer 2 and N = 12 for Producer 3. Open packages
were discarded after analysis.

Bacterial determinations were carried out in double
using the standard culture methods as described be-
low: ten grams of each sample was diluted in 90 ml of
Buffered Peptone Water (BPW) and homogenized for
2 minutes at 260 rpm in Stomacher (Model 400 circula-
tor, Seward, Norfolk, England). Serial dilutions of the
suspension were made in BPW and analyzed for TMC
(Standard Plate Count agar) and EC (T.B.X. medium),
incubated at 30 °C for 24-48 h and at 44 °C for 24h
respectively, according to the standard culture methods
(ISO 4833:2003; ISO 16649-2:2001), as well as the
remaining steps. All microbiological media were from

Oxoid (Cambridge, UK).

Statistical analysis

To study the temporal trend of microbial counts, we
used the Wilcoxon signed rank test to compare the me-
dian values of TMC and EC counts at different ana-
lytical times after packaging (comparison TO-T1); at the
expiration date (comparison T1-T2) and two days after
expiration date (comparison T2-T3). Differences were
considered statistically significant when p-values were
lower than 0.05. A logarithmic transformation of the
data allowed the use of a normal model for TMC but
not for EC. Therefore, to increase the statistical pow-
er of the test, we included a comparison of likelihood
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functions of the true log TMC values for each analytical
time of the same producer.

Values of TMC and EC were compared between pro-
ducers at different times with a Kruskal Wallis rank sum
test followed by multiple comparisons.

For comparison with quality standards, in absence of
European microbiological standards in RTE salads for
TMC, we used the reference standard value of 1x107 cfu
g'! (log 7.0; limit proposed in Guidelines of PHLS [19],
for ready-to-eat salads) and the European limit value of
1000 cfu g for EC (the M value for the Hygiene process
criteria of the EC Regulation n. 1441/2007 amending
Regulation EC n. 2073/2005 in Europe on ready-to-eat
products within the period of maximum shelf life).

RESULTS

Median TMC (Figure 1) differed among producers at
TO (Kruskal-Wallis chi-squared = 29.0, df = 2, p-value
< 0.01); T1 (Kruskal-Wallis chi-squared = 10.8, df = 2,
p-value = 0.004), T2 (Kruskal-Wallis chi-squared = 12.4,
df = 2, p-value = 0.002) but not at T3 (Kruskal-Wallis
chi-squared = 3.3, df = 2, p-value = 0.19). Multiple com-
parisons of TMC between producers at different times
showed significant differences of median TMC of Pro-
ducer 1 from Producer 2 at TO, T1, T2 and from Pro-
ducer 3 at T2 while median TMC level of Producer 2
was statistically different from Producer 3 at TO (Table 1).

Median EC (Figure 2) did not differ among producers
at TO (Kruskal-Wallis chi-squared = 6.4, df = 2, p-value
= 0.05) but differed at T1 (Kruskal-Wallis chi-squared

Table 1

=27.8,df = 2, p-value < 0.01), T2 (Kruskal-Wallis chi-
squared = 20.1, df = 2, p-value < 0.01) and T3 (Kruskal-
Wallis chi-squared = 20. 6, df = 2, p-value < 0.01). Mul-
tiple comparisons of EC between producers at different
times showed significant differences of median EC lev-
els of Producer 1 from Producer 3 at T1, T2, T3 while
median EC level of Producer 2 was statistically differ-
ent from Producer 3 at T1, T2, T3 (Table 1).

The temporal trend of TMC levels of Producer 1
(Figure 1, upper panel) showed a significant decrease
between TO and T1 (Wilcoxon test, V = 240, p-value =
0.001), a significant increase between T1 and T2 (Wil-
coxon test, V = 43, p-value = 0.002) and a significant
increase between T2 and T3 (Wilcoxon test, V = 63, p-
value = 0.02137).

EC counts (Figure 2, upper panel) were constantly un-
der the level of 10 cfu g! with significant differences
between TO and T1 (Wilcoxon test, V = 41, p-value =
0.03) and between T2 and T3 (Wilcoxon test, V = 6,
p-value = 0.02).

The TMC levels of Producer 2 (Figure 1, middle pan-
el) showed a significant decrease between TO and T1
(Wilcoxon test, V = 369, p-value < 0.01), T1 and T2
(Wilcoxon test, V = 52, p-value < 0.01), and T2 and T3
(Wilcoxon test, V = 79, p-value = 0.02). EC counts (Fig-
ure 2, middle panel) were different only between T2 and
T3 (Wilcoxon test, V = 25, p-value p = 0.03).

The levels of TMC of Producer 3 (Figure 1, lower
panel) increased progressively from TO to T2, with the
only statistically significant difference between T1 and

Multiple comparisons of Kruskal Wallis test comparing producers median Total Mesophilic Count (TMC) and Escherichia coli (EC)

at different times

Parameter Time (b::tr\:lvz::sPﬁ-g e Difference p-value
Median TMC TO 1-2 21.2 <0.01
1-3 8.4 NS
2-3 29.7 <0.01
Median TMC T 1-2 16.6 <0.05
1-3 5.6 NS
2-3 10.9 NS
Median TMC T2 1-2 14.7 <0.05
1-3 19.7 <0.01
2-3 4.9 NS
Median TMC T3 1-2 8.8 NS
1-3 8.3 NS
2-3 0.6 NS
Median EC TO 1-2 10.1 NS
1-3 13.8 NS
2-3 3.7 NS
Median EC T 1-2 11.2 NS
1-3 321 <0.01
2-3 20.9 <0.01
Median EC T2 1-2 9.7 NS
1-3 26.5 <0.01
2-3 16.8 <0.05
Median EC T3 1-2 6.2 NS
1-3 27.7 <0.01
2-3 21.5 <0.01
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Figure 1

Box plot of log TMC values of Producer 1 (upper panel), Producer
2 (middle panel) and Producer 3 (lower panel): distribution of
the log TMC values compared to TMC benchmarking log 7.0
(limit proposed in Guidelines of PHLS, 2000, for ready-to-eat
salads. Significance of Wilcoxon non parametric test between
analytical times after packaging is coded as follows.

(**):p < 0.01; (*): p < 0.05; NS: p = 0.05.

TMC: Total Mesophilic Count

T2 (Wilcoxon test, V = 8, p-value = 0.02) while the suc-
cessive increase from T2 to T3 was not statistically sig-
nificant (Wilcoxon test, V = 42, p-value > 0.05). The
EC counts of Producer 3 (Figure 2, lower panel) showed
a statistically significant increase of EC from TO to T1
(Wilcoxon test, V = 3, p-value < 0.01) and from T1 to T2
(Wilcoxon test, V = 12, p-value < 0.05).

The representation proposed in Figure 1 shows the dis-
tribution log TMC compared to the reference standard
value of 1x107 cfu g, All producers exceed the reference
standard TMC value by the analytical time T1 and increase

Figure 2

Box plot of log EC values of Producer 1 (upper panel), Producer
2 (middle panel) and Producer 3 (lower panel): distribution
of the log EC values compared to EC benchmarking log 3.0
(limit imposed by EC Regulation n. 1441/2007). Significance of
Wilcoxon non parametric test between analytical times after
packaging is coded as follows.

(**):p < 0.01; (*): p < 0.05; NS: p = 0.05.

EC: Escherichia coli

again with further storage (Figure 1). These findings are
confirmed with even stronger evidence through the com-
parison at the different analytical times of each producer
between the likelihood functions of the true log TMC, in
the framework of the normal model (data not shown).
Regarding the EC levels, the representation proposed
in Figure 2 shows the distribution log EC in comparison
to the threshold of 1000 cfu g'. Samples of Producer
3 exceed the reference standard value by the analytical
time T1. The other two producers instead had values of
EC within the limits during the entire shelf life (Figure 2).
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DISCUSSION

We are aware that to obtain a final RTE product of
good quality, although the initial microbiological qual-
ity of the raw material is surely important, other factors
such as post harvest handling, processing, storage and
distribution could influence the levels of microbial con-
tamination in RTE rocket salads at the point of sale.

This study describes the temporal pattern of the mi-
crobial quality of RTE rocket salad during its shelf life in
Italy and its variation among three different procedures,
representative of the Italian production systems of RTE
salads. The most striking evidence is the high levels
of TMC counts in all producers examined during the
shelf life of the product. Although, at least for TMC,
law limits are not exceeded, the safety of consumers is
questioned as several pathogens might have similar dy-
namics to TMC.

Differences among producers are apparent and are
possibly linked to the different minimal processing tech-
nologies followed by each of them after harvesting. For
example, the control strategies based application of GAP
in primary production, promotion of good hygienic prac-
tices, the strict application of the HACCP system during
the processing, might be effective in reducing microbial
contamination of rocket salad samples of Producer 1.

On the contrary, although Producer 2 disinfection
with chlorinated water was effective in reducing bacte-
rial contamination of the raw material (significant re-
duction of microbial charges between T0 and T1), TMC
values were still higher than the values of the other two
producers at T1 and exceed the reference standard val-
ue. Besides, the disinfection did not show the same ef-
fectiveness on EC (Table 2). Finally, Figure 1 and Figure
2 give an immediate graphic evidence of the lower ef-
fectiveness of the Producer 3 handling procedures. De-
spite the good quality of raw material that showed low
values of TMC, the rapid reduction of temperature of
rocket salad used by Producer 3 before packaging was
ineffective in reducing bacterial contamination, and is
also well known that some pathogen microorganisms
may continue to grow at low temperature even if at re-
duced growth rates [20, 21].
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