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ABSTRACT

Aims: To determine the survival rates of bacteria in contaminated fresh fruit juice samples
Place and Duration of Study: Biosciences and Biotechnology Department, Babcock
University, Ilisan Remo, Ogun State, Nigeria, between November, 2012 and May, 2013.
Methodology: Freshly extracted juice samples were obtained from intact pineapple
(Ananas comosus Merr.) and watermelon (Citrillus lanatus Thunb.) were pasteurized
before being contaminated with Escherichia coli ATCC 25922 and Lactobacillus
acidophilus. While the pH and the sugar contents were determined at interval after being
contaminated with the bacterial strains, the contaminated juice samples were sampled for
150 min to determine colony forming unit per milliliter (cfu/ml) at different sampling time.
Results: In pineapple juice, the log of concentration of E. coli was reduced from 6.452 at
0 min to 5.079 at 150min. In watermelon, the log of concentration of E. coli was reduced
from 6.301 at 0min to 5.954 at 150min. While the log of concentration of L. acidophilus in
pineapple juice was between 6.204 at 0 min and 6.262 at 150min, its log of concentration
in watermelon juice ranged between 6.228 at 0 min and 6.291 at 150min. The pH was
reduced to 2.9 and 3.7 by E. coli while L. acidophilus reduced the pH to 2.5 and 3.0 for
pineapple and watermelon juices respectively. After 150min, the sugar contents of
pineapple and watermelon juices decreased from 1.181 and 1.060mg/ml to 0.011 and
0.004mg/ml by the E. coli while L. acidophilus reduced the sugar contents to 0.003mg/ml
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for pineapple juice and 0.018mg/ml for watermelon juice. The reduction in the pH values
of each of the fruit juices showed that the activities of each bacterial strain resulted in
increase in the production of acid in the growth medium.
Conclusion: The inability of coli form (E. coli) to survive in the fruit juices suggested that
the fruit juices may not harbor and/or disseminate enteric pathogens if allowed to stay for
a while before packaging.

Keywords: Bacterial contamination; pineapple juice; watermelon juice; rate of kill; sugar
content.

1. INTRODUCTION

Juice is a liquid that is naturally contained in fruits and vegetables. It can also refer to liquids
that are flavoured with these or other biological food sources such as meat and seafood
commonly consumed as a beverage or used as an ingredient or flavouring in foods. It is one
of the most popular drinks prepared mechanically by squeezing or macerating fruits or
vegetable flesh without the application of heat or solvents using a variety of techniques such
as using hand or electric juicers [1]. While the final product is an unfermented, un clarified,
untreated juice, ready for consumption [2], the fresh fruit juices always have natural
sweetness and no artificial colour and that is why they are preferred over bottled or canned
juices [3].

Juices are often consumed for their perceived health benefits. Many fruit juices have higher
sugar (fructose) content than sweetened soft drinks. For instance, typical grape juice can be
50 calories more sugar than cola soda drink [4]. Being known to be a rich source of vitamin
C, folic acid and potassium, juices are an excellent source of bio available antioxidant
phytochemicals [5] and significantly improve blood lipid profiles in people affected with
hypercholesterolemia [6]. They have digestive health benefit and their phytochemicals are
known to prevent bacteria from binding to the bladder. Hence, fruit juices hygienically
produced have been reported to prevent urinary tract infections [7]. Contrary to soft drinks
such as Coca Cola capable to cause oxidative stress and even lead to insulin resistance
after long term consumption, fruit juices have the ability to raise serum antioxidant capacity
and offset the oxidative stress and inflammation normally caused by high-fat and high-sugar
meals [8]. Moreover, fruit juices might be protective against stroke and delay the onset of
Alzheimer's disease [9] and their intake has been consistently associated with reduced risk
of many cancer types [6] and promotion of detoxication in human body [10].

Although fruit juice in moderate amounts can help children and adults meet daily
recommendations for fruit consumption, nutrient intake and calories [8], the acceptance of
commercial fruit juices as being equal in health benefit to fresh fruit has been questionable
due to its lack of fibre and high degree of processing. Consequently, high-fructose corn
syrup, an ingredient of many juice cocktails, has been linked to the increased incidence of
type II diabetes and weight gains in some studies [1] as observed earlier with the
consumption of soft drinks [9]. Since excessive juice consumption can lead to poor nutrition,
diarrhoea, gas, abdominal pain, bloating and tooth decay [6], The American Academy of
Paediatrics indicated that fruit juices should not be given to infants before 6 months of age
and its intake by children ages 1–6 years should be limited to 4 to 6 ounces per day [1].

Even though intake of fruit juices can be beneficial, its contamination is inevitable. The
contamination can result from improper washing of fruits, use of unhygienic water for
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dilution, prolonged preservation without refrigerator, unhygienic atmosphere for juice
preparation and improper handling [11]. The added water used for juice preparation could be
a major source of microbial contaminants while fomites such as utensils may play significant
roles in spreading Salmonella spp., Shigella spp., Vibrio spp., E. coli 0157:H7 and other
disease-causing and fruits spoilage organisms [12,13]. While microbial spoilage of fruit
juices may be caused by microorganisms capable of multiplying at pH<4.6 [14,15], Spotti et
al. [16] and Vicini et al. [17] indicated that the presence of asporogenous bacteria and
thermolabile fungi could be due to contamination after the heat treatment. Thus, since
consumption of contaminated fruit juices can cause significant health problems and their
outbreaks have been linked to a wide range of microorganisms, food borne illnesses
associated with the consumption of fruit juices have been widely investigated and reported
[18-20]. Consequently, to ascertain the self purification ability of fruit juices contaminated
during the extraction procedures over a period of time, this study was designed to determine
the rate of survival of pathogenic bacteria E. coli and L. acidophilus in different juices made
for home consumption.

2. MATERIALS AND METHODS

2.1 Source of Bacteria

Cultures of E. coli ATCC 25922 and Lactobacillus acidophilus LA-5 were obtained from the
Department of Biosciences and Biotechnology, Babcock University, Ilisan Remo, Ogun
State, Nigeria. The E. coli was used because of its pathogenic potential in faecal
contaminants while the L. acidophilus was considered as a control for its potential to survive
in acidic environment.

2.2 Collection of Fruit Samples

Five fruits of pineapple (Ananas comosus Merr.) and watermelon (Citrillus lanatus Thunb.)
respective samples were obtained from the market in Ilisan Remo, Ogun State, Nigeria. The
pineapple fruits were washed and peeled while the watermelon was washed and sliced into
pieces. The fruit juices extracted with a juice extractor were filtered to obtain pulp-free juice
samples. The seeds of the watermelon were removed along with the pulps. The extracted
juice samples were pasteurized at 63°C for 30min in a water bath before being stored at
4°C. Their sterility was confirmed by introducing 1ml of each of the fruit juices into 9ml sterile
McConkey and nutrient broths before being incubated overnight at 37°C.

2.3 Fehling’s Sugar Test

Different concentrations of glucose used as standard were prepared from 5g of D-glucose
dissolved in 45ml of distilled water. The sugar contents of the D-glucose and fruit samples
concentrations were determined, in duplicate, using Fehling’s sugar test method. Here, 20ml
of prepared Fehling solution “A” were mixed with Fehling solution “B”. 2ml of the Fehling
solution mixture were added to ten test tubes containing the different concentrations of D-
glucose used as standard and another set of 10 test tubes containing the fruit juice samples
at different concentrations. The test tubes were placed in a water bath at 60°C for 15min
after which the mixtures were filtered with Whatman No. 1 filter paper to separate the
precipitates before the absorbance was read by spectrophotometer at a wavelength of
500nm at an interval of 30min. The pH of undiluted fruit juice samples was measured
simultaneously with the pH meter as the sugar contents were being determined.
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2.4 Bacterial Inoculum Preparation

For the bacterial inocula preparation, the inocula of each test bacterial strain were prepared
using the colony suspension method [21]. Colonies picked from 24h old cultures grown on
nutrient agar were used to make suspensions of the test organisms in saline solution to give
an optical density of approximately 0.1 at 600nm. The suspension was then diluted 1:100 by
transferring 0.1ml of the bacterial suspension to 9.9ml of sterile nutrient broth before being
used. The density of bacterial suspension for susceptibility test was finally determined by
comparison with 0.5 McFarland standard of Barium sulphate solution [22].

2.5 Determination of Rate of Kill

Assays for the rate of killing bacteria by the different fruit juices were carried out using a
modified plating technique of Eliopoulos and Eliopoulos [23] and Eliopoulos and Moellering
[24]. 100µl of approximately 107cfu/ml further verified by total viable count, was used to
inoculate 10 ml volumes of each of the fruit juices and peptone water in McCartney bottles.
The bottles were incubated at 37°C on an orbital shaker at 120 rpm. A 100µl aliquot was
removed from the culture medium at 0, 30, 60, 90, 120 and 150min for the determination of
cfu/ml by the plate count technique [25] by plating out 25µl of each of the dilutions.
Considering that the juices are prepared and served immediately, the juices were sampled
for 150min to evaluate changes in their colony forming units during consumption.
Experiments were performed in duplicate. After incubating at 37°C for 24h, emergent
bacterial colonies were counted, average cfu/ml calculated and compared with the count of
the culture control without the extract.

2.6 Statistical Analysis

All the data were subjected to one way analysis of variance (ANOVA) and the mean values
were separated at (P=.05) using Duncan’s Multiple Range Test. The one way ANOVA test
was used to determine if there was any statistically significant difference in the log of
concentration of each bacterial isolate sampled over a period of time in the juice samples. All
statistical analyses were done using SAS software (1999) model.

3. RESULTS AND DISCUSSION

The spectrophotometric determination of the concentration of sugar in prepared solution of
D-glucose showed that the sugar contents increased with increase in the concentration of
the solutions Fig. 1. The graph illustrated absorbance against different concentrations in
mg/ml and gives an idea that the concentration of sugar contents in fruit juices treated with
Fehling solution and read under the spectrophotometer could be traced on the standard
curve. Comparing the sugar contents of the fruit juices with those obtained from D-glucose
used as standards, it was observed that the sugar contents in the juices were within the
range of calibration.

Comparative analysis of the survival of E. coli and L. acidophilus in the different fruit juices
showed that there is a reduction in the log of concentration of these bacterial strains when
compared with the observed increase in their log of concentrations when cultured in peptone
water. In peptone water, the log of concentration of E. coli was between 5.748 at 0min and
6.212 after 150min of incubation. In pineapple juice inoculated with E. coli, the log of
concentration of E. coli was reduced from 6.452 at 0min to 5.079 at 150min while that of E.
coli in watermelon juice was reduced from 6.301 at 0min to 5.954 at 150min. Comparing the
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survival of L. acidophilus in peptone water, pineapple juice and watermelon juice, it was
recorded that the log of concentration of L. acidophilus increased from 5.839 at 0 min to
6.418 at 150min in peptone water. While the log of concentration of L. acidophilus was 6.204
at 0min and 6.262 at 150min in pineapple juice, its log of concentration in watermelon juice
ranged between 6.228 at 0min and 6.291 at 150min Table 1.

Fig. 1. Concentration (mg/ml) of D-glucose determined spectrophotometrically from
different concentrations prepared as standards

Comparative analysis of the survival of E. coli and L. acidophilus in the different fruit juices
showed that there is a reduction in the log of concentration of these bacterial strains when
compared with the observed increase in their log of concentrations when cultured in peptone
water. In peptone water, the log of concentration of E. coli was between 5.748 at 0min and
6.212 after 150min of incubation. In pineapple juice inoculated with E. coli, the log of
concentration of E. coli was reduced from 6.452 at 0min to 5.079 at 150min while that of E.
coli in watermelon juice was reduced from 6.301 at 0min to 5.954 at 150min. Comparing the
survival of L. acidophilus in peptone water, pineapple juice and watermelon juice, it was
recorded that the log of concentration of L. acidophilus increased from 5.839 at 0min to
6.418 at 150min in peptone water. While the log of concentration of L. acidophilus was 6.204
at 0min and 6.262 at 150min in pineapple juice, its log of concentration in watermelon juice
ranged between 6.228 at 0min and 6.291 at 150min Table 1.
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Table 1. Comparative analysis of the survival of E. coli and L. acidophilus in peptone water, pineapple and
watermelon juices

Sampling time (min) Log of concentration of E. coli in different fruit
juices

Log of concentration of L. acidophilus in different
fruit juices

Peptone water Pineapple Juice Watermelon Peptone water Pineapple juice Watermelon
0 5.748f 6.452a 6.301a 5.839a 6.204f 6.228a

30 5.813e 6.143b 6.143b 6.017b 6.207e 6.230b

60 5.949d 6.017c 6.130c 6.286c 6.215d 6.233c

90 6.079c 5.839d 6.017d 6.301d 6.243c 6.241d

120 6.185b 5.491e 6.013e 6.330e 6.246b 6.248e

150 6.212a 5.079f 5.954f 6.418f 6.262a 6.291f

The log of concentrations of each bacterium in each juice samples with different superscript along the same column are significantly different (P=.05)

Table 2. pH values and sugar contents of pineapple and watermelon juices after being inoculated with E. coli and
L. acidophilus

pH and sugar contents of different juices
contaminated with E. coli

pH and sugar contents of different juices contaminated
with L. acidophilus

Pineapple juice Watermelon juice Pineapple juice Watermelon juice
Sampling
time (min)

pH
values

Sugar content
(mg/ml)

pH
values

Sugar content
(mg/ml)

pH
values

Sugar content
(mg/ml)

pH
values

Sugar content (mg/ml)

0 4.3 1.181a 5.1 1.060a 4.3 1.181a 5.1 1.060a

30 4.0 0.722b 4.7 0.795b 3.7 1.019b 4.8 0.891b

60 3.9 0.032c 4.5 0.647c 3.4 0.847c 4.5 0.626c

90 3.4 0.020d 4.2 0.131d 3.0 0.032d 4.0 0.433d

120 3.1 0.015e 3.9 0.089e 2.9 0.015e 3.8 0.147e

150 2.9 0.011f 3.7 0.004f 2.5 0.003f 3.0 0.018f

The pH and sugar contents of each contaminated juice sample with different superscript along the same column are significantly different (P=.05)
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Sampling these juices immediately after being inoculated with Escherichia coli showed that
the pH were 4.3 and 5.1 for pineapple and watermelon juices respectively. However, during
the 150min sampling period, the pH was reduced to 2.9 and 3.7 for pineapple and
watermelon juices respectively. At 0min, the sugar contents of pineapple and watermelon
juices were 1.181 and 1.060 mg/ml respectively. After inoculating with E. coli and sampling
for 150min, the sugar contents were drastically reduced to 0.011 and 0.004mg/ml for the
respective fruit juices. In the juices inoculated with L. acidophilus, the pH of the pineapple
juice was reduced to 2.5 and that of watermelon juice was reduced to 3.0 while the sugar
content of pineapple juice was reduced to 0.003mg/ml and that of watermelon juice was
reduced to 0.018mg/ml Table 2. The reduction in sugar contents of each of the fruit juices
indicated that the sugar in the fruit juices were adequately utilized by the two organisms and
corresponded with the decreases observed in their pH values. A comparison of the sugar
utilization by the two organisms showed that the sugar contents of the pineapple juice were
almost exhausted within 90 min of incubation compared to that of watermelon juice sample
while L. acidophilus was slower in its sugar utilization and had an increase in the log of
concentration when compared to that of E. coli. The reduction in the pH values of each of the
fruit juices, however, indicated that the activities of each bacterial strain resulted in increase
in the production of acid in the growth medium.

In the recent times, the demand for freshly squeezed juices has increased as unpasteurized
juices are preferred by the consumer because of the fresh flavour attributes while the growth
in the fruit drink market has been attributed to promotional activity, product innovation and
the move to larger pack sizes. Despite the relevance of fruit juices as food accompaniment,
freshly squeezed fruit juices do not have process steps that reduce pathogen levels if
contaminated. Consequently, Salmonella spp. and verotoxin producing E. coli had been
associated with outbreaks that resulted from the consumption of unpasteurized fruit juices
[26-29]. Although most fruit juices are acidic enough to prevent the growth of pathogens and
producers of unpasteurized juices have traditionally relied upon a juice’s inherent acidity to
render their product microbiologically safe, Food and Drug Administration [30] indicated that
a number of pathogenic organisms can be present and survive in a wide range of fruit and
vegetables while documented outbreaks of Salmonella spp. and E. coli O157:H7 associated
with unpasteurized juices have negated this belief. Hence, the necessity to investigate the
potential of pathogens to survive in peptone water and freshly extracted watermelon and
pineapple juices.

Though analyses of fruit juice samples are often directed towards determining the presence
of potential pathogens and estimation of nutrient compositions, there is a dearth of
information on survival rates of these potential pathogens in juice samples. From this study,
the sugar contents of pineapple and watermelon juices were 1.181 and 1.060mg/ml
respectively. This is in disagreement with 95mg/ml recorded by Dizy et al. [31] and 3.9mg/ml
for glucose and 1.41mg/ml for fructose recorded by Okonkwo et al. [32] in pineapple juices
samples. While the differences in the sugar content might be due to the maturity stages of
the fruits at harvesting time, species, soil condition and season of the year, the amount of
sugar may also be correlated with the fruit dehydration [33], the ripening of the fruits [34] and
the percentage composition of the fructose, glucose and sucrose making up the sugar
content [35]. Also, there was increase in population of E. coli cultured in peptone water. On
the other hand when E. coli was introduced to the pineapple and watermelon samples, there
was a decrease in its initial population as a result of the reduction in the pH values and
increased acidic nature of the fruit juices that discouraged the multiplication of the organism.
From fruit juices contaminated with L. acidophilus, there was an increase in the population of
the L. acidophilus inoculated in the pineapple and watermelon juices. At the onset, the
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growth was stable to indicate that the organism was in its lag growth phase and adjusting to
the medium environment before the increase in population as compared to the decreases
observed in colonies formed by E. coli with time. Subject to further study, the lag phase of
the L. acidophilus may have been delayed by the presence of these fruit juices. Although the
growth of this organism was slow at the lag phase, it was metabolically active and utilized
the sugar contents of the fruit juices in the production of acid as indicated by the reduction in
the pH of the fruit juices. In E. coli, there is a correlation between the decrease in the pH
values of the fruit juices and the reduction in E. coli population. The decrease in pH signifies
increase in acidity. The increase in acidity is inhibitory to the E. coli. This implies that fruit
juices contaminated with pathogenic bacteria could be self purifier as pathogenic organism
may not be able to survive in such an environment with increasing level of acidity over a
period of time. The observed decline in the population of E. coli (coli form) may, therefore,
suggest that enteric pathogens are not likely to survive in fruit juice because of the low pH
value.

Although pasteurization is a reliable method for pathogen reduction, economic and sensory
concerns for fruit juices make it undesirable for many processors. While flavour and aroma
profiles of the fruit juices may be affected, the costs of pasteurizing juices at lower
production scales may also be challenging [36]. A possible alternative, however, may be the
use of chemicals such as hydrogen peroxide, ethanol and organic acids generated as a
result of fermentation by the E. coli as well as the low pH. The bactericidal efficacy of
hydrogen peroxide earlier showed that Gram negative organisms were more susceptible
than Gram positive [37]. The antimicrobial action of the hydrogen peroxide stemmed from its
ability to form reactive oxygen species such as the hydroxyl radical and singlet oxygen which
can damage DNA and membrane constituents [38]. It rapidly degrades into oxygen and
water upon contacting organic material, thus having no long term residual activity. While the
residual peroxide could be removed by adding catalase [37], hydrogen peroxide generally
regarded as safe is currently being used as an antimicrobial in starch processing and in milk
for cheese manufacturing. In agreement with the finding of Nagy et al. [39], as natural
components of fruits, organic acids lower the pH and help to alter the proper sugar/acid
balance in fruit juices as observed in this investigation. These are in addition to the anti
oxidative activities of bioactive compounds [40,41] and phenolic compounds [41,42] in these
juice samples.

4. CONCLUSION

Although food borne illness associated with the consumption of contaminated juices is rarely
reported, producers of freshly squeezed juices should know that preventative measures
through food safety control strategies is important. The raw materials to be used should be
of a good quality and fruits that are badly damaged or bruised should be sort and discarded.
Although the concentration of E. coli cells in pineapple and watermelon juices were reduced
with time contrary to what was obtained with L. acidophilus which increased in population, it
may be concluded that the fruit juice environments was not favourable for E. coli and its
growth was inhibited. The inability of coli form (E. coli) to survive in these fruit juices
suggested that the fruit juices may not habour and/or disseminate enteric pathogens. The
removal of badly damaged or bruised fruits will, however, decrease the risk of microbial
transfer from the raw materials to equipment and the final products.
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