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ABSTRACT
To determine the inhibitory actions of lactic acid bacteria (LAB) toward E. coli O157:H7 in spinach, fresh
spinach was inoculated with a 1 x 106 CFU/ml target population of the pathogen and then treated either with sterile
distilled water or a four-strain LAB cocktail (2.0 × 108 CFU/ml). Both treatments were stored at 7oC for 24 h and
then compared to an inoculated control to determine pathogen reductions. Reductions achieved by water alone
and LAB were significant at 0.88 log CFU/g (P < 0.0001) and 1.03 log CFU/g (P < 0.0001) respectively, in comparison
to the control sample. The improved reduction achieved by LAB over water was significant (P = 0.0363), indicating
that LAB was the most effective intervention in the study. A triangle test was implemented to determine if LAB
results in a difference in the sensory properties of fresh spinach when compared to water-treated spinach. Two
spinach samples were rinsed with water and considered identical. The third spinach sample was rinsed with the
LAB cocktail at a target concentration of 2.0 × 108 CFU/ml. A total of 40 panelists participated in the study and 16
correctly identified the LAB spinach as being the one odd sample. A total of 18 and 20 samples should be identified
correctly as the odd sample in order to be statistically significant at the levels of 0.05 and 0.01, respectively. These
results indicate that a significant difference does not exist (α = 0.05 and 0.01) when LAB is applied to fresh spinach,
making it an acceptable intervention from the standpoint of consumer acceptance.
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INTRODUCTION
Escherichia coli O157:H7 is a virulent pathogen that has been associated
with produce in 21% of the foodborne
outbreaks that occurred between 1982
and 2002 (2). While E. coli O157:H7
is often associated with raw or undercooked ground beef (15) awareness of
the potential for fresh fruit and vegetable
consumption to cause illnesses from this
pathogen has increased in recent years (7,
8). In the mid-1990s, fresh produce was
recognized as a vector for foodborne illness caused by E. coli O157:H7 (7).
Because of the nature of its production, spinach is vulnerable to pathogenic contamination at every step in
the production process. According to
Warriner et al. (21), post-harvest handling is believed to be the primary source
of contamination. However, the same
study also identified soil, water and harvest equipment as factors that may lead
to the contamination of spinach plants
during the growing process. As a result,
it is necessary that spinach safety is emphasized throughout the entire production process.
Because fresh spinach production
lacks a thermal kill step, reliance is placed
on post-harvest wash interventions to
control microbial populations. Up to
90% of spinach processors utilize sodium hypochlorite (chlorine) washes as the
primary barrier against pathogenic contamination (3). While chlorine is known
to be an effective antimicrobial agent,
numerous factors affect the efficacy of
chlorine applied to fresh spinach, including water temperature, pH and contact
time (16). In general, it is understood
that the ability of chlorine to inactivate
microorganisms present on the surface
of spinach leaves is not exceptional (13).
Warriner et al. (21) stated that the efficacy of chlorine is capable of reducing
total microbial populations by no more
than 2 logs. Beuchat (4) discovered that
200 parts per million (ppm) chlorinated
water and deionized water were equally
efficacious at killing, removing or inactivating E. coli O157:H7 on the surface of
lettuce leaves. Lang et al. (11) observed
reductions of E. coli O157:H7 on lettuce
leaves of only 1.10 logs in comparison to
the control after treatment with 200 ppm
chlorine. These minimal reductions, in
combination with the lack of a thermal
processing step, indicate the need for additional interventions to be developed.

The use of lactic acid bacteria (LAB)
as an intervention to control microbial
growth in the food industry is not a new
strategy. There are multiple properties
associated with bacteria belonging to
the LAB family that prove to be lethal
to other bacteria, including some pathogens. Metabolism of LAB results in the
production of bactericidal compounds,
including hydrogen peroxide, bacteriocins, carbon dioxide and organic acids
(9, 17, 18). Production of organic acids,
including lactic, propionic and acetic
acid, induce lethal effects by acting on
the cytoplasmic membrane of the bacterial cell (9). Additionally, the creation of
an acidic environment that is considered
unfavorable for pathogenic growth aids
in the control of E. coli O157:H7 (9).
The effects of such compounds on the
sensory characteristics of fresh spinach
are unknown, and consumer acceptance
must be determined before LAB can be
implemented as a post-harvest intervention in spinach production.
Lactic acid bacteria have been
successfully utilized to control E. coli
O157:H7, and other pathogens in raw
meat products (9), in cooked meat products (1) and in cattle (5, 22, 23). These
studies report that the use of NP51, alone
or in combination with other LAB, has
been effective in controlling the pathogen. Therefore, LAB may be an effective
intervention for the spinach industry as
well.
The overall objective of this study
was to determine if Bovamine® Meat
Cultures, a commercially produced LAB
product, can be effectively implemented
as a post-harvest intervention to reduce
levels of E. coli O157:H7 in fresh spinach and to determine if the application
of Bovamine® Meat Cultures to fresh
spinach resulted in a statistical difference
in sensory characteristics between treated
and control spinach.

MATERIALS AND METHODS
A cocktail mixture of four E. coli
O157:H7 strains was used: A4 966, A5
528, A1 920 and 966. All strains were
isolated from cattle and are maintained
in the stock culture collection at Texas
Tech University. The cocktail was prepared by making frozen concentrated
cultures of each culture as described by
Brashears et al. (6). Briefly, one vial from
each strain was obtained from the -80oC

stock culture. A sterile loop was used to
add the strains to separate tubes of brain
heart infusion broth (BHI) (EMD, Gibbstown, NJ). The strains were incubated
overnight at 37oC, transferred into fresh
BHI tubes and incubated an additional
night at 37oC. The concentration of each
strain was determined to be at the appropriate numbers by plating on tryptic soy
agar (TSA) (EMD, Gibbstown, NJ) and
incubating for 24 hours at 37oC. All four
strains were then transferred to fresh BHI
and allowed to grow at 37oC overnight
before being centrifuged for 10 minutes
at 4,000 × g. The pellet was resuspended
in BHI containing 10% glycerol and all
four strains were then combined in equal
portions to create the four-strain cocktail. The cocktail was then stored as a
frozen culture at -80oC in 1-ml portions
at a concentration of 1.0 × 109 CFU/ml
in the Texas Tech University inventory.
Bovamine® Meat Cultures used in
this study were obtained from Nutrition
Physiology Corporation (Guymon, OK).
This commercially available LAB product is comprised of four LAB strains:
Lactobacillus acidophilus (NP 51), Lactobacillus cristpatus (NP 35), Pediococcus
acidilactici (NP 3) and Lactobacillus lactis
subsp. lactis (NP 7) (19). Isolates NP 51
and NP 35 were originally isolated from
cattle, while NP 3 was isolated from
cooked hot dogs and NP 7 from alfalfa
sprouts (19). The culture was commercially prepared and packaged in 10-g
portions in a freeze-dried form prior to
shipping to Texas Tech University.

Pathogen reduction study
Fresh bagged baby spinach was
obtained from a local grocery store and
weighed into a sterile poultry rinsate
bag (VWR, West Chester, PA) to ensure
that total weight was approximately 500
g. The four-strain cocktail of E. coli
O157:H7 was diluted 1:1000 in buffered
peptone water (BPW) (OXOID, Basingstoke, Hampshire, England) to obtain a
final concentration of 1.0 × 106 CFU/
ml and an inoculum volume of 5 L. The
pre-weighed spinach was submerged in
the inoculum and allowed to soak for 20
minutes to facilitate attachment. Using
a sterile tongs, the inoculated spinach
was spread evenly across sterile drying
racks in a biological hood (Fisher Hamilton model #54L925, Two Rivers, WI)
and allowed to dry for one hour. A LAB

FEBRUARY 2010 | FOOD PROTECTION TRENDS

73

FIGURE 1. Composite least squares means E. coli O157:H7 levels in each
spinach treatment held at a target temperature of 7°C for 24 hours
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wash with a concentration of 2.0 × 108
CFU/ml was prepared by combining 5 g
of freeze-dried Bovamine® Meat Culture
with 495 ml of sterile distilled water. The
concentration of LAB was determined
by making serial dilutions in buffered
peptone water and plating on Lactobacilli MRS Agar (MRS) (EMD, Gibbstown, NJ). The MRS agar plates were
incubated at 37oC for 24 to 48 hours.
A control wash consisting of 500 ml of
sterile distilled water was also prepared.
Upon completion of drying, 100 g of
the dry, inoculated spinach was added to
the LAB rinse and 100 g to the control
water rinse in sterile poultry rinsate bags.
The bags were agitated for 1 minute at
230 rpm on an automatic orbital shaker
(KS 260 Basic, IKA, Wilmington, NC).
A third set of 100 g of dry, inoculated
spinach was placed directly into a sterile
Whirl-Pak (Nasco, Fort Atkinson, WI)
bag to serve as the background control
for this experiment. Following agitation,
both rinse treatments were allowed to
soak during the 0, 5 and 10 minute sampling time points. After 10 minutes, each
rinse was drained in a sterile colander and
transferred to sterile Whirl-Pak bags, using sterile tongs. All samples were stored
at 7oC between sampling intervals.
From each rinse and the background control, 10 g of spinach was
collected at 0, 5 and 10 minutes and at
1, 4, 8 and 24 hours. The exact sample
weight was recorded and used to determine colony forming units (CFU) on a

per gram basis. At each time point, the
sampled spinach was stomached (Seward
Model 400, Bohemia, NY) with 90 ml
of buffered peptone water at 230 rpm
for 2 minutes. Homogenized samples
were serially diluted and quantitatively
analyzed for Escherichia coli O157:H7,
using a Neo-Grid™ Method (Neogen,
Lansing, MI). Neo-Grid™ filters were
placed on CHROMagar (CHROMagar,
Paris, France) containing tellurite at a
level of 2.5 mg/L. Tellurite was added to
reduce the interference from other bacteria. CHROMagar plates were incubated
at 37oC for 24 + 2 hours. Mauve colonies
were counted as presumptive positive for
E. coli O157:H7 and agglutinated at random for confirmation, by use of a latex
agglutination kit (Remel, Lenexa, KS).
This study was classified as a complete randomized block design. The
Statistical Analysis System (SAS) software
was used to analyze the data. All data
were subjected to the PROC MIXED
and PROC UNIVARIATE commands.
The Least Squares (LS) means obtained
from SAS were used to identify statistically significant differences between each
individual treatment and the control.
Additionally, the LS means of the water
and LAB washes were compared to identify if one treatment was significantly
more effective than the other. The Shapiro-Wilk value provided by the PROC
UNIVARIATE procedure was used to
determine normality of the data. The
experimental procedure was replicated a
total of three times.
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Sensory study
Fresh bagged baby spinach was
obtained from a local grocery store. All
bags were combined to minimize the effects of natural variability and randomize the product. The combined spinach
was then divided into three samples. One
sample was rinsed with Bovamine® Meat
Culture at a concentration of 2.0 × 108
CFU/ml. The remaining two samples
were rinsed with tap water and considered to be identical. All 3 samples were
drained in separate colanders and distributed into sample cups labeled with
their respective three-digit sample number. The samples were placed on a tray,
covered with aluminum foil and held in
the refrigerator at 4oC before serving to
panelists.
Forty consumer panelists were chosen at random to participate in the sensory study. All panelists were presented
with the three samples simultaneously
in a triangle test. They were instructed
to evaluate each sample from left to
right and identify the one sample they
perceived to be different. The order in
which the samples were presented to the
panelists was randomized in order to decrease bias. Panelists were provided with
a cracker, water and expectorant cup to
clear their palate between samples. An
answer sheet was supplied and panelists
were encouraged to include comments.
Statistical significance of sensory
data was evaluated using published statistical tables (14). These tables were
utilized to determine if statistically significant differences existed in the sensory
characteristics of spinach treated with
lactic acid producing-bacteria by comparing the number of responses identifying the correct “odd” sample to alpha
values of 0.05 and 0.01. Additionally, the
number of discriminators was calculated
using methods described by Lawless and
Heymann (12). Discriminators are defined as those individuals who saw the
true difference and selected the correct
“odd” sample. It is speculated that the
remainder of participants who selected
the LAB sample merely guessed and were
not able to perceive the true difference.

RESULTS
Pathogen reduction study
No interactions were detected
among the treatments in this study.
With both treatments, the total num-

Table 1. Summary of triangle test sensory data to determine statistical significance between
tap water–treated fresh spinach and fresh spinach treated with Bovamine® Meat Cultures at an
α–level of 0.05 and 0.01
α–Level

Correct Responses Required

Correct Responses

Decision

Interpretation

0.05
18a
16 < 18
Accept Null
							

No Detectable
Difference

0.01
20a
16 < 20
Accept Null
							

No Detectable
Difference

Reject the assumption of “no difference” if the number of correct responses is greater than or equal to the
tabled value.
a

bers of E. coli O157 declined over the 24
hour sampling period. E. coli O157:H7
populations recovered from the control
maintained fairly consistent levels at just
above 5 log CFU/g throughout the entire
24 hour study.
Because there were no time by treatment interactions, Fig. 1 represents the
LS means of all data points composited
for each treatment. As illustrated by this
figure, both water (P < 0.0001) and LAB
(P < 0.0001) resulted in significant reductions in comparison to the control.
Water reduced E. coli O157:H7 numbers by 0.88 log CFU/g, while LAB
was successful at reducing it by 1.03 log
CFU/g (Fig. 1). The improved reduction
of LAB was significantly different from
that of water (P = 0.0363). This indicates
that LAB was significantly more effective
than water at reducing E. coli O157:H7
populations on baby spinach leaves when
the composite LS means of each treatment were compared over the 24 hour
sampling period.

Sensory study
Of the 40 panelists, 40% (16) correctly selected the LAB spinach as being
the one “odd” sample. For a population
of 40 panelists, the numbers of correct
responses required for statistical significance at the α = 0.05 and α = 0.01 were
18 and 20, respectively. These values
were determined using an equation outlined in Table T8 of the third edition of
Sensory Evaluation Techniques (14). The
null hypothesis for this triangle test states
that no difference exists between the control spinach and the spinach treated with

lactic acid bacteria. Therefore, because
the 16 correct responses obtained is less
than the required responses of 18 and
20, there was no statistical significance
and the null hypothesis was accepted at
the α = 0.05 and α = 0.01 levels. These
results are summarized in Table 1. Calculations to determine the number of
discriminators estimated that 4 (10%)
panelists perceived the true difference
and selected the LAB sample as a result.
These results suggest that a mere 25% (4
out of 16) of panelists who selected the
LAB spinach truly detected a difference
in the sensory properties of fresh spinach
treated with Bovamine® Meat Cultures.

DISCUSSION
While little research has been conducted evaluating the effectiveness of
LAB as an intervention for fresh spinach,
the use of LAB in ground beef has been
investigated. Smith et al. (19) utilized
the same combined cultures included in
Bovamine® Meat Cultures as an intervention to reduce the presence of E. coli
O157:H7 in ground beef. The cultures
were added to ground beef at a level of
109 CFU/g and stored at 5oC for 14 days.
The combined cultures significantly reduced E. coli O157:H7 levels by 2.0 logs
and 3.0 log cycles after 3 and 5 days of
storage, respectively.
Given the proven effectiveness of
these LAB cultures in other food products, Bovamine® Meat Cultures may
have great potential for application in
the spinach industry, as well. The LAB
treated spinach was evaluated for a mere
24 hours and resulted in reductions of
1.55 log CFU/g compared to the con-

trol at the 24 hour sampling time (data
not shown). Because LAB have the potential to produce inhibitory products
over time, it is possible that longer exposure times could result in additional
reductions in the spinach, making the
present 24 hour study preliminary in
nature. Additionally, these cultures may
be an effective pre-harvest intervention
to be applied to the crops prior to harvest. Furthermore, if the LAB-treated
spinach had been held at 7oC for longer
than 24 hours, perhaps the population of
E. coli O157:H7 would have continued
to decline in comparison to the control
spinach and ultimately achieved reductions similar to those found by Smith et
al. (19) in ground beef. Additionally, differences in the nutrient availability of the
two products may play a role in the effectiveness of Bovamine® Meat Cultures.
Meat is a nutrient dense environment
with a high water activity (10), while the
surface of spinach leaves has low water
availability and is rather nutrient poor
in comparison to the internal surfaces of
the plant (20). A high level of nutrients
and available water present in the food
matrix will improve the metabolic activity of LAB and the resultant production
of antimicrobial compounds will also
increase.
Before application to the spinach,
the LAB concentration was determined
to be 7.5 log10 CFU/ml (3.0 × 107 CFU/
ml) (data not shown). This value is the
mean concentration of all three replications and is nearly 1 log CFU/ml less
than the target concentration of 8.3 log10
CFU/ml (2.0 × 108 CFU/ml). This may
be the result of adding the Bovamine®
Meat Cultures to sterile distilled water.
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Because solutes have been removed from
distilled water, the osmotic pressure is
greater outside the LAB cell relative to
inside the cell. As a result, water will
diffuse into the cell, potentially causing
lysis.
Given that the LAB treatment was
only applied as a rinse and at one concentration (2.0 × 108 CFU/ml), perhaps
an improvement in performance could
be achieved with a different application
method or concentration level. For example, the implementation of a spray intervention may result in differing levels
of success. Additionally, the Bovamine®
Meat Cultures may be capable of the same
degree of reduction in E. coli O157:H7
populations at concentrations lower than
2.0 × 108 CFU/ml. These items must be
addressed before a definitive conclusion
can be drawn about the effectiveness of
LAB as a post-harvest intervention in the
production of fresh spinach. The present
study does not support LAB as an effective post-harvest intervention for fresh
spinach. However, the results obtained
do provide a foundation for future investigations.
Sensory results on the spinach were
also similar to those of previous reports,
including a 2002 study conducted by
Amézquita and Brashears (1) which
evaluated the effects of LAB on readyto-eat meat products. They also executed
a triangle test to determine whether an
isolate Pediococcus acidilactici resulted
in a significant difference between LAB
treated and control frankfurters. Triangle
tests were conducted on the frankfurters
9 times throughout the 56-day storage
period. The number of correct responses
obtained during each test was less than
the number required for statistical significance. Therefore, they concluded
that the application of P. acidiliactici did
not result in a significant difference between treated and control frankfurters.
Their findings support the results of the
current spinach study, in which we did
not have significant sensory changes in
the product after the application of the
cultures.
The lack of statistical significance
obtained with this triangle test supports
the use of LAB as a post-harvest intervention in the production of fresh spinach, from a consumer acceptance standpoint. The results of this study indicate
that there is great potential for future
research. As a result of metabolism and
fermentative activities, LAB produce
multiple by-products that have the po-

tential to adversely affect the sensory
properties of fresh spinach, particularly
during shelf-life. For this reason, it is
necessary to evaluate sensory changes
throughout the shelf-life to determine if
the production of metabolites over time
will result in a statistically significant difference and decrease the consumer acceptance of product treated with Bovamine®
Meat Culture.
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