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Four buffered preenrichment media (BAX® System MP Media (BAX)), Universal Preenrichment Broth
(UPB), modified Buffered Peptone Water (mBPW), and Buffered Peptone Water (BPW)) were compared
with lactose broth (LB) in the Bacteriological Analytical Manual’s (BAM) Salmonella culture method for the
analysis of 9 leafy green produce and herb types. Artificially contaminated test portions were pre-
enriched in each medium and the results were analyzed statistically using Fisher’s Exact 2-tailed F
test (p < 0.05) with pairwise comparisons. There was no difference in recovery of Salmonella from curly
parsley and basil among the five media (p > 0.05). UPB was consistently among the most effective media
for recovery of Salmonella from the nine produce types; however, S. Typhimurium and S. Newport were
isolated from cabbage more frequently with mBPW than with UPB (p < 0.05). Comparisons of the results
among the preenrichment media from all experimental trials, with leafy green produce and herbs,
demonstrate that Salmonella is more effectively detected and isolated using buffered enrichments than
with the currently recommended LB (p < 0.05). There were no significant differences among the buffered
preenrichments for the detection of Salmonella-positive test portions of the produce tested (BAX (160
Salmonella-positive test portions/480 test portions), UPB (176/480), mBPW (184/480), BPW (169/480), LB

(128/480))(p > 0.05).
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction Erickson, 2008). Compared to estimates prior to 1970s, which

were <1%, these figures represent significant increases in the

1.1. The need for improved methods for detection of Salmonella
contamination in leafy green produce and herbs

Recent estimates on the percentage of foodborne illnesses in the
U.S. associated with the consumption of contaminated produce,
particularly with leafy greens such as spinach and lettuce, range
from approximately 12—14% (Lynch et al., 2009; Jablasone et al.,
2012; Boore et al, 2010; Stopforth et al, 2008; Doyle and

* Corresponding author. Microbial Methods Development Branch, Division of
Microbiology, Office of Regulatory Sciences, Center for Food Safety and Applied
Nutrition, US Food and Drug Administration, 5001 Campus Drive, HFS — 711, Col-
lege Park, MD 20740, USA.

** Corresponding author.
E-mail addresses: Andrew.Jacobson@fda.hhs.gov (A.P. Jacobson), VikasGill@
gmail.com (V.S. Gill), gcab@duke.ed (G. Arce).

! Present address: Public Health Program, College of Education and Health Sci-
ences, Touro University California, Vallejo, CA, USA.

2 present address: Duke University, Durham, NC, USA.

http://dx.doi.org/10.1016/j.fm.2016.11.006

number of produce-related outbreaks during the last several de-
cades (Buck et al., 2003; Lynch et al., 2009). Although these rates
may reflect increased consumption of produce, changes in agri-
cultural practices, processing, and packaging of produce may also
be contributing factors (Lynch et al., 2009; Sivapalasingam et al.,
2004; Olaimat and Holley, 2012; Gil et al., 2015). Contamination
of leafy green produce can occur at any phase during the movement
of produce within the farm to fork continuum. These include those
of production, harvesting, transport, packaging, and preparation for
consumption (Olaimat and Holley, 2012). When grown in open
fields, leafy greens are exposed to many types of wildlife, including
mammalian and avian species, which commonly harbor Salmonella
in their gastrointestinal tracts and therefore excrete Salmonella into
the environment (Hanning et al., 2009; Quiroz-Santiago et al,,
2009; Liu et al., 2013). Leafy greens can also come into contact with
Salmonella through contaminated surface water. Heavy rain or
flooding may facilitate both the contamination of surface water
with pathogenic bacteria and transfer of that contaminated water
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onto leafy green produce in the field (Liu et al., 2013). Additionally,
leafy green produce can become contaminated if, at any point in the
farm to fork continuum, it is handled by employees or food pre-
parers who are infected with these pathogens (Gil et al., 2015).

Over the last several decades, produce consumption in the U.S
has risen significantly, most likely due to increased consumer
awareness and interest in the health benefits associated with raw
produce consumption (Sivapalasingam et al., 2004), although
ethnic diversification, cultural influences, changing dietary habits,
and internationalization of the produce market may also have
contributed to these changes (Hoelzer et al., 2012; Sewell and
Farber, 2001). Other social changes have increased consumers’
reliance on easy-to-prepare meals, salad bars, and ready-to-eat
vegetable products, which require less time and effort than tradi-
tional home cooking, while still appearing to provide convenient
and healthy dietary options (Collins, 1997; Phillips and Harrison,
2005). Increased consumption of produce is possibly associated
with the higher frequency of produce-related foodborne infections
that have occurred; leafy green produce and herbs, have in
particular, been associated with multiple illnesses and outbreaks
(Sivapalasingam et al., 2004; Johnston et al., 2005; Liu et al., 2013;
Doyle and Erickson, 2008). Multiple causative agents have been
responsible for these illnesses, including viruses, protozoa, and
bacterial pathogens, although the most frequently identified bac-
terial pathogens have been E. coli 0157:H7 and Salmonella spp.
(Abadias et al., 2008; Quiroz-Santiago et al., 2009; Tauxe et al.,
1997).

An important part of reducing the risk of foodborne illnesses
associated with leafy greens and herbs is to reliably identify sources
of contamination (Buck et al., 2003; Johnston et al., 2005). Once
identified, practices associated with or contributory to contami-
nation can be eliminated, reduced, or modified in order to prevent
future occurrences (Buck et al., 2003). To reduce the time of prep-
aration for fresh produce, procedures such as cleaning, slicing, and
cutting might be performed in fields immediately following harvest
rather than transported to an off-field site designed for such pur-
pose (Kozak et al., 2013). This practice may increase the likelihood
for internal contamination of produce to occur as natural barriers of
produce are disrupted in an environment where the presence of
bacterial pathogens is more likely than that of a site that is hy-
gienically maintained (Kozak et al., 2013; Tauxe et al., 1997; Duffy
et al., 2005). Similarly, some innovative packaging methods, such
as modified atmosphere packaging to extend the shelf life of freshly
cut bagged produce, may also increase the risks for outbreaks and
infections by creating microenvironments that are favorable to the
growth of some bacterial pathogens (Froder et al., 2007; Sewell and
Farber, 2001). Amending such practices can help minimize risks of
illnesses related to fresh produce, but surveillance and traceback
efforts are built on a foundation of reliable detection/isolation
assays.

1.2. The existing culture method for Salmonella on leafy greens

The reference culture method for the detection and isolation of
Salmonella from foods that is used by the United States Food and
Drug Administration (FDA) is described in the Bacteriological
Analytical Manual (BAM) (FDA, 2015). The BAM Salmonella culture
method requires preenrichment of food samples in a nonselective
medium for 24 + 2 h. The purpose of preenrichment is to resusci-
tate low levels of injured Salmonella and to allow them to prolif-
erate to detectable levels (Budu-Amoako et al., 1992). By bringing
injured Salmonella to a healthy physiological state during preen-
richment, the Salmonella are conditioned for competitive growth
during the selective enrichment procedures that follow (Budu-
Amoako et al, 1992). Several factors may influence the

effectiveness of preenrichment, such as the biological and chemical
characteristics of the initial food matrix (e.g., plant associated
antimicrobial compounds including polyphenols such as flavonoids
and tannins), length of incubation time, preenrichment tempera-
ture, composition and level of matrix-associated bacterial com-
petitors, and the formulation of the preenrichment media itself
(Coppo and Marchese, 2014; Nam et al., 2004; Worcman-Barninka
et al,, 2001; D’Aoust et al., 1992). In this study, we have evaluated
the relative effectiveness of five preenrichment media for the
detection and isolation of Salmonella from leafy green produce and
herbs.

The leafy green produce types selected for this study were those
that had been previously involved with produce-related outbreaks.
The leafy green most frequently associated with outbreaks has been
Romaine lettuce, although this may be a consequence of the
amount of this lettuce produced and the fact that it is consumed at
relatively high levels in comparison to other leafy green produce
types (Liu et al., 2013; Himathongkham et al., 2007; Delaquis et al.,
2007). Spinach was the source of an E. coli 0157:H7 outbreak in
2006 (Abadias et al., 2008; Neal et al., 2008). Culantro (Eryngium
foetidum), cilantro (Coriandrum sativum), parsley (Petroselinum
crispum), and basil (Ocimum basilicum) are leafy green herbs that
have been sources of foodborne bacterial infections (Duffy et al.,
2005; Hsu et al, 2006; Golberg et al, 2011). We therefore
included these items in our evaluations of the preenrichment me-
dia. However, with the exception of basil in pesto, herbs are typi-
cally consumed in lower quantities than other leafy green produce
types, as their use is primarily to enhance the flavor of main dishes
rather than be the principle component (Hsu et al., 2006).

All the preenrichment media selected for this study have been
used to isolate Salmonella and other common foodborne pathogens
from foods. The presence of nutrients and buffering capacity of
BAX® System MP Media (DuPont Qualicon, Wilmington, DE) is
suited for the growth of Salmonella and pathogenic E. coli and has
been shown to be an effective preenrichment medium for the
analysis of environmental samples and some foods (Peng et al.,
2011; Wallace et al., 2013). Universal Preenrichment Broth (UPB)
was developed for use with foods to isolate both Salmonella and
Listeria monocytogenes and is effective with a variety of food
matrices (Hammack et al., 2001; Kanki et al., 2009). Buffered
Peptone Water (BPW) and modified BPW (mBPW) have previously
been evaluated as preenrichment media with the BAM Salmonella
culture method, and effective for use with some foods (Wang et al.,
2015; Hammack et al., 2006). Lactose broth is the default preen-
richment medium recommended by the BAM Salmonella culture for
the detection of Salmonella in foods unless otherwise specified
(FDA, 2015a,b). The formulations of the selected preenrichment
media are presented in Table 1.

2. Materials and Methods
2.1. Leafy green produce

Fresh leafy green produce (iceberg lettuce, Romaine lettuce,
baby spinach, Italian parsley, curly parsley, basil, cabbage, culantro,
and cilantro) was purchased from local retail outlets or produce
wholesalers. Each produce type (approximately 2500 g) was arti-
ficially contaminated with a single Salmonella serotype prepared
from pure culture. Inoculation and mixing procedures were per-
formed in a biological safety cabinet (Nuaire Inc., Plymouth, MN).
The bulk inoculated leafy green produce was stored for approxi-
mately 72 h (inoculated on a Friday and evaluated the following
Monday) and refrigerated at 2—8° C.
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Table 1
Formulation of preenrichment media used in evaluations of the BAM Salmonella
culture method with leafy green produce and herbs.

Component Preenrichment media (g/L)

BAX*  UPB”  mBPW®  BPWY  LB°
Pancreatic Digest of Casein uf 5.0 — — —
Peptone 8] 5.0 — 10.0 5.0
Beef Extract u — 5.0 - 3.0
Lactose 8] — — — 5.0
Dextrose 8] 0.5 - - -
Monopotassium phosphate U 15.0 3.0 1.5 -
Sodium chloride U 5.0 5.0 5.0 -
Disodium phosphate u 7.0 7.0 3.5 -
Magnesium sulfate U 0.25 - - -
Ferric ammonium citrate u 0.1 - - -
Pancreatic digest of gelatin 8] — 5.0 - -
Sodium pyruvate U 0.2 - - -

2 BAX® System MP Media.

b Universal Preenrichment Broth.

¢ Modified Buffered Peptone Water.

d Buffered Peptone Water.

Lactose Broth.

f Unavailable information due to propriety status.

e

2.2. Salmonella serotypes

Salmonella enterica serotypes used for this study were obtained
from the Division of Microbiology’s stock culture collection (Food
and Drug Administration, Center for Food Safety and Applied
Nutrition, College Park, MD) and maintained at room temperature
on semi-solid tryptic soy agar (TSA), or cryogenically at —80 °C in
trypic soy broth (TSB) and glycerol (20%). Sources of the selected
Salmonella enterica serotypes were associated with environmental
samples and foods (Table 2). Our rationale for using different se-
rotypes in evaluations of the preenrichment media was to evaluate
the consistency of Salmonella detection in leafy green produce and
herbs with a variety of Salmonella serotypes. Consistency of media
effectiveness among different Salmonella enterica serovars and
produce types was a primary consideration for the identification of
an effective and robust preenrichment medium.

2.3. Preparation of inoculum

Serotypes were subcultured from Brain Heart Infusion agar
slants into 100 mL volumes of Brain Heart Infusion Broth and
incubated at 35.0 + 2.0 °C for 20—24 h. Ten-mL of the incubated

Table 2

Sources of Salmonella serotypes selected for use in evaluations of UPB, BAX, mBPW,
BPW, and LB preenrichment media with the BAM Salmonella culture method to
analyze leafy green produce and herbs.

Salmonella serotype Designation Source

S. Aba 232,778 culantro

S. Agona 4000H basil

S. Enteritidis 02—-0062 organic spinach
S. Gaminara 24N orange juice

S. Havana 1254H bone meal

S. Javiana 2080H frog legs

S. Michigan 2069H frog legs

S. Montevideo 1H whole eggs

S. Muenchen 1501H feather meal/meat bone meal
S. Negev 26H thyme

S. Newport 02—0061 cilantro

S. Saintpaul 1090H cantaloupes

S. Sandiego 408,191 coriander

S. Thompson 2051H thyme leaves

S. Typhimurium 368,477 tango lettuce

culture suspension was centrifuged for 10 min at 3000g (Jouan Inc.,
Winchester, VA). The supernatant was pipetted from the cell pellet
and this was followed by re-suspension of the cells in an equal
volume (10 mL) of Butterfield’s Phosphate Buffer (BPB). This wash
procedure was repeated two additional times. Following removal of
the supernatant from the third wash, the cells were re-suspended
in 10 mL BPB. A 10 fold dilution series was prepared from the cell
suspensions with 90 mL BPB dilution blanks.

The level of inoculation applied to a bulk quantity of produce or
herb was determined by aerobic plate count (APC)(FDA, 2015a,b). A
dilution volume of 1.0 mL was used for each pour plate and du-
plicates were prepared for each dilution level evaluated. The pour
plate method was performed within 1 h of produce inoculation.
Plate count agar (PCA) was liquefied by heating and tempered to
47.5 °Cin a circulating water bath before use. Following preparation
of pour plate cultures, the heat tempered agar was allowed to so-
lidify at room temperature. Cultures were then incubated at
35.0 + 2.0 °C for 18—24 h. Colony counts of cultured dilutions were
performed to determine the level of Salmonella applied to the
produce.

2.4. Inoculation of the produce

The volume of the selected dilution was combined with BPB to
produce an inoculum volume of 40 mL. A sterile disposable trigger
sprayer (Fisher Scientific, Hampton, NH) was used to deliver the
Salmonella suspension onto the produce. All inoculation procedures
were performed in a biohazard hood to prevent contamination of
the laboratory environment during the procedure. Sterile dispos-
able gloves and sleeves were worn during manual mixing of the
inoculated produce which was performed aseptically for 15 min to
uniformly distribute Salmonella throughout the produce.

Levels of contamination of the bulk inoculated leafy green
produce and herbs for those trials in which fractional values
(25—75% positive) were achieved were typically within the range of
0.1-0.14 cfu/g. Fractionally positive results were necessary to
differentiate among the five different media at the limit of detec-
tion of one or more of the methods (the use of each medium con-
stitutes an individual method) per internationally recognized
microbiological methods validation guidelines (Lombard and
Leclereq, 2010; AOAC, 2012; ISO, 2015; FDA, 2015a,b).

2.5. Preparation and storage of the inoculated leafy green produce

Following inoculation and mixing, the contaminated leafy green
produce was transferred to a sterile plastic tote (22 by 13 by 8 in.
(37,494 cm?), and covered with sterile aluminum foil taped securely
to the edges of the tote to minimize desiccation of the produce
during storage at 2—8 °C for approximately 72 h.

2.6. Analysis of leafy green produce and herb test portions

Leafy green produce was removed from refrigeration and
transferred from the container to a biochemical hood. The inocu-
lated produce was manually mixed for 15 min using the procedure
described above. Preparation of test portions for evaluation of each
of the preenrichment media was performed as follows: 20 test
portions of 25 + 0.2 g were randomly acquired from the bulk
inoculated leafy green produce or herb by weighing into sterile
500 mL wide mouth Erlenmeyer flasks. The preenrichment media
evaluated were BAX (DuPont Qualicon, Wilmington, DE), UPB
(Becton, Dickinson and Co., Sparks, MD), BPW (Becton, Dickinson
and Co., Sparks, MD), mBPW (3M, St. Paul, MN), and LB (Becton,
Dickinson and Co., Sparks, MD). A volume of 225 mL of the pre-
enrichment media was added to each of the 20 test portions
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designated for that treatment, and contents were swirled 25 times
clockwise and 25 times counterclockwise. Test portions treated
with LB were allowed to stand at room temperature for 1 h after
which time the pH of the culture medium was measured and
adjusted, if necessary, to 6.8 + 0.2 with 1 N NaOH (FDA, 2015a,b).
Buffered enrichments were not pH adjusted. All pre-enrichment
cultures were incubated at 35 + 2 °C for 24 + 2 h. The BAM Sal-
monella culture method for high microbial load foods was followed
thereafter (Andrews et al., 2014). Most Probable Number (MPN) for
the level of Salmonella in the artificially contaminated leafy greens
and herbs was calculated for each experimental trial using the 20
tube single dilution MPN method. MPN analysis was performed for
each experimental trial (Table 3)(Blodgett, 2009).

Table 3
Relative effectiveness of selected preenrichment media for the detection of Salmo-
nella in leafy green produce and herbs.

Produce type Salmonella positive test-portions/20 test portions

examined

MPN/g!  BAX?  UPB®

mBPW*  LB® BPW®

Romaine Lettuce

S. Newport 33.6 202 207 20? 182 202
S. Newport 13.7 15%>  152b 182 11° 15% P
S. Saintpaul 8.39 142 11° 122 9 11°
49° 46*>  50° 38° 46>>
Italian Parsley
S. Sandiego 1.18 1° 6° 330 1° 320
S. Thompson 1.38 3P 6° 330 42 ob
4b 1223 ﬁa,b 5a.b 3b
Cabbage
S. Typhimurium  0.70 2? 2° 2¢ 0? 12
S. Typhimurium  2.05 72b 4> 10% 0° 4>
S. Newport 2.56 20 2b 92 740 4P
112> gb 21° 7° 11*°
Iceberg Lettuce
S. Muenchen 521 7? 8? 7 8? 11°
S. Montevideo 2.47 10° 72 52 o° 72
172> 1520 123b 8" 18?
Curly parsley
S. Michigan 5.87 6° 10° 8? 112 10°
S. Javiana 14.9 142 16 132 172 17°
20? 26° 217 28? 272
Cilantro
S. Agona 3.7 5¢ 142 123 7be gabe
S. Enteritidis 2.6 3?2 52 7 4?2 52
8> 19* 19° 112> 132
Culantro
S. Negev 1.0 32 12 4 22 12
S. Gaminara 2.11 42 22 42 42 62
S. Agona 3.05 72 92 112 o° 8?
14 1224 19° 6° 15*°
Basil
S. Javiana 2.6 42 7° 32 6? 42
S. Saintpaul 0.67 12 0? 12 0? 22
S. San Diego 0.381 1? 0? 2?2 0? 2¢
S. Havana 1.1 24 22 32 12 3?2
S. Havana 6.63 10° 8? 122 7° 122
18° 172 212 14° 23?
Baby Spinach
S. Aba 6.01 9? 122 122 6 72
S. Agona 3.7 10° 92 30 5ab 6P
19*® 210 15*P 11° 13*P
Total’ 160° 176  184° 128°  169°

"Most Probable Number estimate (p < 0.05).

2BAX® System MP Media (DuPont Qualicon, Wilmington, DE).

3Universal Preenrichment Broth.

“Modified Buffered Peptone Water.

SLactose Broth.

SBuffered Peptone Water.

7Positive test portions for all experimental trials performed (1/480).

3b<yalues in rows not sharing an alphabetical superscript are significantly different
(p < 0.05).

2.7. Experimental design and statistical analysis

Results were statistically analyzed using Fisher's Exact 2 tailed
F-test for pairwise comparisons of preenrichment media evaluated
in experimental trials (p < 0.05). Analysis of 100 artificially
contaminated test portions were performed in each experimental
trial, representing 20 test portions evaluated for each of the
preenrichment media (BAX, UPB, mBPW, LB, BPW). At least one
experimental trial with acceptable fractional results (25—75% pos-
itive) was required for each matrix/serotype combination. Data
outside the accepted fractional range were reported and included
in the overall statistics for each matrix and the study as a whole.

3. Results

Differences in recovery of Salmonella among the media occurred
in 9 of the 24 experimental trials (Table 3) (p < 0.05). These dif-
ferences occurred with 7 of the 9 produce types (Romaine lettuce,
(1 trial), Italian Parsley (2 trials), cabbage (2 trials), iceberg lettuce
(1 trial), cilantro (1 trial), culantro (1 trial), and baby spinach (1
trial)) (Table 3)(p < 0.05). Differences that occurred in these trials
commonly involved those in which LB was less effective than 1 or
more of the buffered preenrichment media (Table 3) (p < 0.05). We
often found BAX, UPB, mBPW, BPW, to be statistically equivalent to
one another for the recovery of Salmonella, yet more effective than
LB (p < 0.05) (Table 3).

4. Discussion

Microbial pathogens associated with naturally contaminated
produce are stressed due to the presence of competitive microflora,
plant-derived antimicrobial compounds, and exposure to the
changes in temperature that occur during processing and prepa-
ration of produce (Delaquis et al., 2007; Gil et al., 2015; Wiberg and
Norberg, 1996). Salmonella that occur with produce are often,
therefore, physiologically impaired. Injury to Salmonella might
affect efficiencies observed among the preenrichments due to dif-
ferences in the resuscitation and growth of Salmonella during
preenrichment (D’Aoust et al., 1992). While this study is not
designed to evaluate the effects of injury on the recovery of Sal-
monella, we aged artificially contaminated produce under refrig-
eration to mimic conditions that produce might be exposed to
during its journey from farm to fork and affect sample preenrich-
ment. This is a common technique for the validation of microbio-
logical methods for the detection of pathogens in foods (AOAC,
2012).

Two or more Salmonella serotypes were included for each pro-
duce type. The Salmonella serotypes used for these evaluations
were selected because of their association with foods and agricul-
tural products (Table 3). All Salmonella enteria serotypes are
potentially pathogenic and all serotypes have the potential to be
present in produce. They were randomly assigned to the produce
types used for these evaluations.

In trials where differences among the preenrichment media
types were evident, UPB was among the most effective media in 7
trials (p < 0.05); however, UPB did not appear to be effective for the
recovery of Salmonella from cabbage (Table 3). In experimental
trials with cabbage demonstrating 25—75% sensitivity with 1 or
more preenrichments, mBPW was more effective than UPB
(Table 3) (p < 0.05). The anomalous results with cabbage may be
due to the unique chemical composition of that commodity: it
contains a variety of sulfur compounds with antimicrobial prop-
erties, including methyl methanethiosulfinate and dimethyl
trisulfide that may have affected results (Kyung and Fleming, 1997).
As shown in Table 3, LB was consistently inconsistent compared to
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the other media for the recovery of Salmonella across many of the
produce types in our study (p < 0.05). This might be an effect of the
acidic conditions produced during lactose fermentation by com-
petitors: LB does not contain buffers so it does not maintain a stable
pH during preenrichment (Table 1). LB has been used as a preen-
richment medium for samples thought to be contaminated with
Salmonella due to Salmonella’s ability to tolerate slightly higher
acidic conditions than many of its competitors (North, 1960). Thus,
LB was thought to select for Salmonella over its competitors. It was
thought that the competitors would ferment lactose, drive the pH
down, die off and leave the more acid tolerant Salmonella to grow
out during selective enrichments and selective/differential plating.
Research presented here indicates that this might not be the case.

Unlike LB, UPB, mBPW, and BPW media contain potassium
phosphates which are known to provide buffering capacity (Nam
et al, 2004; Pikal-Cleland et al., 2002; Antwi et al., 2008).
Although the formulation of BAX® System MP Media is proprietary
and its precise content is not known, its ability to maintain neutral
pH during microbial growth has been recognized (Ganz and Gill,
2013). The relative amounts of monopotassium phosphate in UPB,
mBPW, and BPW, suggest that UPB has the highest buffering ca-
pacity (Table 1), followed by mBPW, which has twice the amount of
phosphate as BPW (Table 1). However these differences in formu-
lation do not seem to have affected our results, since these four
buffered enrichments were statistically equivalent for recovery of
Salmonella from produce (Table 3) (p > 0.05).

5. Conclusions

These evaluations demonstrate that buffered preenrichment
media is more effective than LB for the isolation and detection of
Salmonella enterica from artificially contaminated leafy green pro-
duce and herbs (Table 3) (p < 0.05). BAX, UPB, mBPW, and BPW
were equally effective for the analysis of leafy green produce with
the BAM Salmonella culture method, and all of the buffered en-
richments evaluated in this study were significantly more pro-
ductive than LB for the recovery of Salmonella from leafy green
produce and herbs (Table 1) (p < 0.05).
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