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ABSTRACT

Unpasteurized fruit juice has been implicated in outbreaks of Escherichia coli O157:H7 (E. coli O157:H7). Meanwhile,
certain fruit, such as pomegranate, contains antimicrobial components. The objective of this study was to investigate
the survival and growth characteristics of E. coli O157:H7 on pomegranate juice in laboratory medium and in pome-
granate-carrot and pomegranate-apple blend juices at different concentrations. Single strain of E. coli O157:H7 (E0019,
H1730, and Cider) was inoculated into brain heart infusion (BHI) broth or a mixture of three strains was inoculated
into the blended juices containing pomegranate juice. Our results showed that the addition of pomegranate juice inhib-
ited the growth of tested E. coli O157:H7 in both laboratory medium and blended juices. The antimicrobial activity in-
creased with increased concentrations of pomegranate juice (P < 0.001) and incubation times. The bacterial popula-
tion was reduced by at least 2 log CFU/ml in BHI broth and juice blend samples in the presence of 20% and 40%
Pome- granate juice respectively. Sensory evaluations performed using a 9 point hedonic scale showed significant sat-
isfac- tion on using 40% pomegranate juice blend with carrot and apple juices. Our study suggests that pomegranate
Juice could be used as a natural antimicrobial in different food systems including juices to inhibit the growth of E. coli

O157:H7.
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1. Introduction

Foodborne pathogen contamination is a major concern
for the food processing industry, food producers, regu-
latory agencies, and consumers. Escherichia coli O157:H7
is a major virulent foodborne pathogen that was identified in
the early 1980s [1]. Enterohaemorrhagic Escherichia coli
(EHEC) which includes the well-known pathogenic strain
O157:H7 has emerged as a major source of foodborne
outbreaks, has and has been estimated to be the cause of
approximately 9000 human illnesses and 70 deaths per
year in the United States, incurring a cost of more than $1
billion USD [2]. Some of the more symptomatic effects
of EHEC include bloody diarrhea, hemolytic uremic syn-
drome (HUS), and thrombotopenic purpura (TTP). A num-
ber of food products have been associated with this pathogen
including milk, ground beef, lettuce, melon, green onions,
spinach, tomatoes, carrot juice and apple cider [3,4].

With greater availability of information about the health
impacts, consumers are now not only paying closer attention
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to the risk of foodborne pathogens but also the presence
of synthetic preservatives. As a result, the food industry is
looking to use more natural food preservatives that have
strong antimicrobial activity to ensure safe wholesome food
products. Natural components, especially those from plants,
can be used for food preservation and offer potential health
benefits. For example, essential oils from plants such as ba-
sil, cumin, and oregano have been shown to inhibit different
foodborne pathogens [5-7]. Antimicrobial compounds pre-
sent in different fruit or vegetable extracts inhibit the growth
of E. coli O157:H7 and other pathogenic and spoilage
microorganisms [8-12]. Cornus fruit extract significantly
inhibited the growth of E. coli O157:H7 in apple juice
and therefore Cornus fruit could be used to improve quality
of apple juice [13]. Pomegranate (Punica granatum, Punica-
ceae), is an edible fruit cultivated in Mediterranean coun-
tries, Afghanistan, India, China, Japan, Russia, and some
parts of the United States. Pomegranate fruit is widely used
in the food industry due to its excellent nutritional and
health value [14]. Pomegranate benefits the cardiovascular
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system [15] and pomegranate juice can be used as a can-
cer chemopreventive agent [16]. The extracts from va-
rious parts of the pomegranate plant also possess antibac-
terial, antifungal, antiviral, antidiarrheal activities. Pomegra-
nate juice contains active phytochemicals, tannins and alka-
loids, that have antimicrobial activity against several spoilage
microorganisms [14,17-24]. A growing number of publica-
tions reveal direct antimicrobial effect of pomegranate against
both gram-positive, gram-negative bacteria and their entero-
toxins in food and laboratory medium [20,23,25,26].

Negi et al., 2003 found that pomegranate peel extract
inhibited the growth of Escherichia coli by 60% at 150
ppm concentration and completely inactivated the growth
of E. coli at 300 ppm concentration. Fractions of ellagic acid,
gallagic acid, punicallins, and punicalagins extracted from
pomegranate showed antimicrobial activity against Escher-
ichia coli, Pseudomonas aeruginosa, methicillin-resistant
Staphylococcus aureus, and other harmful bacteria [23].
Our preliminary laboratory results showed antimicrobial ac-
tivity of pomegranate juice and E. coli did not survive in
pomegranate juice alone with counts below detectable
level < 2.00 in all samples. The objective of this study
was to determine pomegranate juice antimicrobial activity
against E. coli O157:H7 in apple/carrot juice blend with
pomegra- nate juice.

2. Materials and Methods
2.1. Bacterial Strains

Three strains of E.coli O157:H7 were supplied by Dr. S.S.
Sumner, Department of Food Science and Technology, Vir-
ginia Tech. These strains were E0019 (beef isolate), H1730
(human isolate from an outbreak associated with lettuce)
and Cider (cider isolate). These strains were maintained
on brain heart infusion (BHI) (Difco, Becton Dickinson,
Cockeysville, MD, USA) agar slants at 4°C and transferred
to fresh BHI broth before use. Cultures of each strain were
grown separately in BHI broth at 37°C and transferred at
24 h intervals.

2.2. Preparation of Mixture Strains

Overnight cultures of each strain were serially diluted in ste-
rilized 0.1% peptone water to achieve a final inoculum le-
vel of approximately 3.0 log CFU/ml and 1 ml of each di-
luted strain was combined into a sterilized empty tube to
produce a mixture of three strains. The initial population
count was confirmed by spread plating dilutions onto dupli-
cate BHI agar. Colonies were counted after plates were in-
cubated at 37°C for 24 h.

2.3. Preparation of Juice Samples

Fresh organic pomegranate, carrot and apple juices were
purchased from a local store (Greensboro, NC, USA) the
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day before each use and stored at 4°C. These products were
freshly prepared and did not contain any food preserva-
tives and not made from concentrate. In preparation for use
as a growth medium, juice was steam-sterilized at 115°C for
13 min to inactivate natural flora and then cooled to 37°C.

2.4. Antimicrobial Activity of Pomegranate Juice
in BHI

One hundred mL batches of BHI broth were prepared and
autoclaved at 121°C for 15 min. Pomegranate juice was then
added to make final concentrations of 0%, 5%, 10%, 20%,
40% and 60% and mixed well. Single strains of E. coli O157:H7
were inoculated individually into BHI broth and pomegran-
ate juice mixtures to achieve initial inoculum level of ap-
proximately 3.0 log CFU/ml and incubated at 37°C for 24
h. During the incubation period, 1 mL from each sample
was individually withdrawn at 0, 2, 4, 6, 8, and 24 h time in-
tervals to determine the population of E. coli O157:H7.

2.5. Antimicrobial Activity of Pomegranate Juice
in Carrot or Apple Juice Blend

To assess E. coli O157:H7 growth in juices, 100 mL batches of
sterilized carrot (pH 5.8) and apple juices (pH 4.5) were pre-
pared. Pomegranate juice was then added at concentrations
of 0%, 5%, 10%, 20%, 40%, 60% and %100 and mixed well.
The final pH value of each treatment was recorded using a pH
meter (pH meter Fisher Model XL 60F, Pittsburgh, PA).
Blended juice samples were then inoculated with a mixture
of E. coli strains to achieve final inoculum level of 7.0 log
CFU/ml. Samples were then incubated at 37°C for 24 h to
determine the survival and growth of E. coli O157:H7 mix-
ture strains in both pomegranate-carrot and pomegranate-
apple blend juices.

2.6. Bacterial Enumerations

Bacterial populations were determined by plating onto BHI
agar. In this procedure, samples (1 mL) were withdrawn
from inoculated samples at intervals of 0, 2, 4, 6, 8 and 24 h,
serially diluted in 0.1% peptone water and then appropriate
dilutions were surface plated (100 pL) onto duplicate
BHI agar. Colonies were counted after plating 24 h at 37°C to
determine E. coli population.

2.7. Experimental Design

The design for the BHI broth experiment was a complete
3 x 6 x 6 factorial design of E. coli O157:H7 strains (E0019,
H1730 and Cider), pomegranate juice concentrations (0%,
5%, 10%, 20%, 40% and 60%) and incubation times (0, 2, 4,
6, 8, and 24 h). In the case of blended juice samples, the ex-
perimental design was a 6 x 6 factorial design with only
mixture strains of E. coli O157:H7, pomegranate juice con-
centrations (0%, 5%, 10%, 20%, 40%, 60% and 100%) and
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incubation times (0, 2, 4, 6, 8, and 24 h). The bacterial popu-
lation in each sample was monitored by plating onto BHI
agar at different time intervals during the incubation period.

2.8. Sensory Evaluation

The sensory evaluation was conducted using a nine unit he-
donic scale by thirty five semi trained panels. The hedonic
scale of appearance, color, texture, taste, smell and overall
acceptance is conducted.

2.9. Statistical Analysis

The experiments were conducted three times, independently,
to determine whether the addition of pomegranate juice would
influence the growth of E. coli O157:H7. The microbiological
data were analyzed by the general linear model (GLM)
procedure of SAS/STAT software (SAS Institute Inc., Cary,
NC). T-test was applied and o = 0.05 was selected for de-
termination of statistical significance.

3. Results and Discussion

Figures 1-3 illustrate the effect of pomegranate juice on the
growth inhibition of E. coli O157: H7. The average initial
population of E. coli O157:H7 was about 3.6 log CFU/ml.
When E. coli O157:H7 (strain E0019) was grown in BHI with-
out pomegranate juice, the bacterial population reached
8.0 log CFU/ml within 24 h. The addition of 5% pomegra-
nate juice caused a slight reduction (7.2 log CFU/ml) in
the bacterial population within 8h and 7.9 log CFU/ml after
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24 h. The addition of 10% pomegranate juice to BHI pro-
duced a further but non-significant (compared to control)
reduction. At concentrations of 20% and 40% of pome-
granate juice, there was significant reduction compared to
the control, with counts of 6.14 and 5.17 log CFU/ml re-
spectively (P < 0.05)after 24 hours incubation. The addi-
tion of 60% pomegranate juice to BHI broth caused sig-
nificant growth inhibition of E. coli O157:H7 (3.6 log CFU
reduction) when compared to all the other treated and
control samples (Figure 1).

Figure 2 shows the growth of E. coli O157:H7 (strain
H 1730) in BHI with the presence of pomegranate juice
at different concentrations. The bacterial populations reached
9.1 log CFU/ml within 24 h in the control sample. The addi-
tion of pomegranate juice (5%) achieved a significant re-
duction (7.0 log CFU/ml) compared to the control, within
24h (P < 0.05). These results were also aligned with the
study done on the antimicrobial activity of pomegranate’s
bark and rind against E. coli [25]. These results confirm that
the H 1730 strain is more sensitive to pomegranate juice
than both E0019 and Cider strains. With 10% and 20% of
pomegranate juice concentration, bacterial population
reduced to 6.5 and 6.2 log CFU/ml, respectively within
24h. Substantially, greater reductions were achieved with
40% pomegranate juice (4.9 log CFU/ml). Finally, with the
addition of 60% pomegranate juice, the bacterial population
reached 3.9 log CFU/ml which was significantly different
when compared with the other concentrations (differrences
- ® = 60%
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Figure 1. Survival and growth of E.coli O157: H7 (strain E0019) in BHI broth with presence of pomegranate juice at different

concentrations.

Copyright © 2011 SciRes.

FNS



Survival and Growth Characteristics of Escherichia coli O157:H7 in

847

Pomegranate-Carrot and Pomegranate-Apple Blend Juices

== 5

9.0

8.0

6.0

Log cfu ml™!

5.0 -

4.0 -

3.0 -
Oh

e 20%  —t—40% = @ =60%

24h

Time

Figure 2. Survival and growth of E.coli O157: H7 (strain H1730) in BHI broth with presence of pomegranate juice at differ-

ent concentrations.

were 5.2, 3.1, 2.6, 2.1 and 1.0 log CFU/ml with 0%, 5%,
10%, 20%, and 40%, respectively).

The results of E. coli O157:H7 (Cider strain) in the pres-
ence of pomegranate juice are presented in Figure 3. The
bacterial populations reached 9.0 log CFU/ml within 24 h
in the control samples. The significant inhibition in bac-
terial growth was observed with all concentrations of
pomegranate juice (P < 0.05). The results showed that the
reduction levels of the Cider strain E. coli O157:H7 was
less in comparison to H1730 and E0019 strains. The com-
parison between strains was conducted by calculating the
mean log CFU reduction in each strain treatment. For ex-
ample, according to Figures 1-3, adding 5% pomegranate
juice to strain H1730 in BHI broth reduced 2.2 log
CFU/ml, 0.8 log CFU/ml in strain cider and 0.1 log CFU/ml
in strain EO019. So the treatment effect was calculated to
be 1.03 + 1.06.

Table 1 shows the survival and growth of the mixture
strains of E. coli O157:H7 grown in pomegranate-carrot blend
juice. The initial bacterial populations in all samples were
~7.45 log CFU/ml. E. coli growth in carrot juice without
pomegranate juice, reached an average of 8.97 log CFU/ml
after 24 h incubation. The growth of E. coli reduced signifi-
cantly (P < 0.05) in the pomegranate-carrot blend juice at
all concentrations, compared to their control condition. Bac-
terial population decreased with increased concentration
of pomegranate juice.

Table 2 shows the growth and survival of the mixture
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strains of £. coli O157:H7 in pomegranate-apple juice blend.
E. coli growth in apple juice without pomegranate juice sli-
ghtly decreased within 8 - 10 h and remained the same after
24 h. The slight growth inhibition was probably due to
the acidic environment of apple juice. In pomegranate-apple
juice blend, bacterial population was significantly (P < 0.05)
lower than the control. However, there was no significant
reduction difference between 60% and 40% concentration
levels. Addition of non-blended pomegranate juice
caused a significant bacterial inhibition and reached be-
low detection level (10 < CFU/ml) for E. coli O157:H7 (Ta-
bles 1 and 2). According to Tables 3 and 4, the sensory
evaluation showed that the blends of 40% pomegranate
with carrot juice were widely and significantly (P < 0.05)
accepted in all categories compared to the regular carrot
juice. The acceptance level for the blend of apple and
pomegranate juice was also higher than apple juice. De-
spite some reports about the lethal effect of low pH, several
outbreaks have been reported even in acidified food. It has
been reported that E. coli O157:H7 survived well at pH
values of below 3.4 in acidic fruits and juices. Results of
the current study indicate that the pH (acidic property)
would not be a key factor for influencing the survival of E.
coli O157:H7 [27]. Pomegranate juice is emerging as a
new functional food due to its considerable anthocyanin
content and ellagitannin punicalagins and pomegranate
by-product [28,29]. Antimicrobial activity of pomegra-
nate peel extract against pathogenic microorganisms such
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Figure 3. Survival and growth of E.coli O157: H7 (strain Cider) in BHI broth with presence of pomegranate juice at different
concentrations.

Table 1. Survival and growth of E. coli O157:H7 (log CFU/mI) in pomegranate-carrot blend juice samples.

Time (hour)
Concentration

0 2 4 6 8 24
0% 7.452" 8.23a 8.64a 8.75a 8.17a 8.97a
5% 7.45a 8.17a 8.54a 8.62a 7.79a 7.34b
10% 7.45a 8.0la 8.34a 8.41a 7.59a 6.96¢
20% 7.45a 7.82a 7.95b 8.05b,c 7.35b 6.68d
40% 7.45a 7.76a 7.70b 7.65¢ 7.02b 6.26¢
60% 7.45a 7.60a 7.60b 7.52¢ 5.99¢ 5.82f

100% 7.45a ND! ND ND ND ND

"Means followed by the same letter within the same column are not significantly different at & = 0.05; 'ND means below detectable level <10 CFU/ml.
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Table 2. Survival and growth of mixture strains of E. coli O157: H7 (log CFU/ml) in pomegranate-apple blend juice samples.

Time (hour)

Concentration
0 2 4 6 8 24
0% 7.37a* 7.34a 7.07a 7.02a 7.00a 6.98a
5% 7.37a 7.12a 6.79a 7.35a 7.21a 5.42b
10% 7.37a 7.09a 6.76a 6.41b 6.26b 5.23b
20% 7.37a 7.04a 6.60a 6.35¢ 6.17b 5.10b
40% 7.37a 7.02a 6.36a 6.24c 6.02¢ 4.35¢
60% 7.37a 7.02a 6.02a 6.02¢c 5.99¢ 4.27c
100% 7.37a ND! ND ND ND ND
"Means followed by the same letter within the same column are not significantly different at @ = 0.05; 'ND means below detectable level < 10 CFU/ml.
Table 3. Sensory evaluation of blend of pomegranate juice with carrot juice.
S/N Parameter Carrot juice 40% pomegranate and carrot juice
Score
1 Appearance 5.2 7.2
2 Color 6.7 8.1
3 Texture 6.3 7.8
4 Taste 5.7 8.4
5 Smell 6.1 7.8
6 Overall 6.1 7.6
Table 4. Sensory evaluation of blend of pomegranate juice with apple juice.
S/N Parameter Apple juice 40% pomegranate and apple juice
Score
1 Appearance 7.2 8.1
2 Color 5.8 7.2
3 Texture 6.6 7.6
4 Taste 5.8 9.9
5 Smell 6.8 7.8
6 Overall 59 7.4
Copyright © 2011 SciRes. FNS
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as Listeria monocytogenes, Staphylococcus aureus, and Sal-
monella enterica in cheese at room temperature was also
demonstrated [18,30]. The bacterial population of E. coli
O157:H7 grown in acidified BHI or carrot juice samples
using hydrochloric acid (pH value 4.05), decreased by only
one log CFU/ml. These results indicated that there might be
another mechanism involved in the inhibition of bacterial
growth other than the acidic medium. Antimicrobial effect of
pomegranate juice and extracts have been reported in several
articles and the antimicrobial activity might be due to its
phenolic components [14,25,31].

4. Conclusions

Our results showed that pomegranate juice inhibited the
growth of all tested strains of E. coli O157:H7 in the labora-
tory media and also in the juice blend. The antimicrobial ac-
tivity increased with increased concentrations of pomegra-
nate juice (P < 0.001) and incubation times. The addition of
20% of pomegranate juice showed at least 2 log CFU/ml
reduction in the population of E. coli O157:H7 in BHI broth
and the addition of 40% was needed to achieve at least 2
log CFU/ml reduction in the blended juice samples.

To our knowledge, this study represents the first publi-
shed work on the survival and growth characteristics of E.
coli O157:H7 in pomegranate juice and blend juice. Based
on the results, pomegranate juice could be added to other
natural juices such as carrot and apple as a source of anti-
microbial agent and a nutrient food additive. The use of po-
megranate as natural ingredient is only one of the practical
methods in the farm to fork continuum to ensure safety of
our food supply. Additional work is needed to determine
the effect of pomegranate juice in combination with other
natural ingredients such as organic acids, or non thermal
approach to control the risk of foodborne pathogens in food
products. Because pomegranate juice has a high nutritional
and health value, and desirable flavor and beautiful color,
it could improve the sensory characteristics and consumer
acceptance of natural juices with lower taste desirability
such as carrot juice. Together with its antimicrobial proper-
ties; pomegranate juice could be used as a natural anti-
microbial ingredient to control the growth of foodborne
pathogens. Further experiments need to be conducted for the
sensory evaluation of different blends.
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