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The bitter gourd, Momordica charantia L. (MC), is used to prepare a ready-to-serve (RTS) drink. The objective is to
evaluate the sensory characteristics of the drink according to consumer acceptability and to investigate its microbial
shelf life when prepared using untreated and boiled water and stored at different temperatures. MC was used to
prepare five concentrations of RTS drink (0.58, 0.70, 0.80, 0.90, and 1.00 g/mL) by water extraction of juice added
with selected ingredients. The samples were given to 40 untrained panelists and are rated on a 7-point hedonic scale.
Total plate count, enumeration of yeasts and molds and presumptive tests for coliform count and Escherichia coli
were used in assessing the microbial quality. From the sensory evaluation, the most accepted concentration of the
RTS drink is 0.80 g/mL with an average score of 4.09. High amount of microbial growth exceeding 4 log CFU/mL
was found after 24 h when stored at 28 + 2°C. Mold growth was visible when stored at 28 + 2°C after 48 h. E. coli
was presumptively present in the sample but not in water used for preparation. This formulation of RTS drink can be
beneficial for targeted consumers and ensuring the microbial safety through proper production and storage.

1. INTRODUCTION

The consumption of natural fruit and vegetable juices has increased in
recent years as opposed to caffeine-containing beverages such as coffee,
tea, and carbonated soft drinks [1]. Ready-to-serve (RTS) drinks are
being served to consumers in the form of prepared juice, pulp, puree,
or concentrated juice from a sound mature fruit or even vegetables.
The bitter gourd, Momordica charantia L. (MC) which has several
types of nutrients such as Vitamin A and C, phosphorous, and iron
besides containing biologically active chemicals including glycosides,
saponins, alkaloids, fixed oils, triterpenes, proteins, and steroids is used
as a vegetable and a traditional medicine [2,3]. The flesh of the MC
specifically also contains gallic acid, gentisic acid, catechin, chlorogenic
acid, and epicatechin that can be a good source of antioxidants for
application in the food system [4]. The usage of MC in drinks has been
common in various cultures, for example, it is served as a tea in Chinese
cuisines and in Panama whereby its leaves are steeped in hot water and
strained to form tea used to treat malaria and diabetes [5].

Juices are one of the RTS drinks which are in high demand due to
low sodium, cholesterol and fat and high in vitamins, polyphenols,
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and antioxidants [6]. It is prepared using simple extraction methods
usually by squeezing the pulp of a certain fruit or vegetable to form
an unclarified, clouded liquid. Juices are commonly diluted or blended
for fresh juices that are too acidic or strongly flavored [7,8]. Due
to the strong taste of the bitter gourd, it is a challenge to develop a
formulation that is easily accepted by most consumers. This is due to
the presence of the alkaloid momordicin in the fruit and leaves of MC
that caused it to be not preferred by most people [9,10].

Juices are becoming a mode for transmission of pathogens; spoilage
microorganisms are also reported to be a cause of juice spoilage [6].
The heavy load of microbial content in the juice itself and also in
other major ingredients such as water and sugar increases the chances
for its spoilage and also a cause of gastrointestinal disorders [8].
In recent years, there has been an increase of outbreaks related
to the consumption of raw fruits, vegetables, and unpasteurized
juices [11]. Juices especially raw juices have become a vehicle in
transmitting foodborne pathogens such as Escherichia coli O157,
Salmonella, and Cryptosporidium and there is an increase in
reported foodborne outbreaks associated with consumption of fruit
juices [6]. The quality of water used in the preparation of juice has
a great influence on the overall microbial quality of RTS drinks.
Besides using water for the rinsing of fruits or vegetables, water is
also added for diluting or blending fresh juices that are too acidic or
too strongly flavored [7]. Many incidences of juice contamination
had reported poor water quality used in rinsing and preparation of
juices [12,13].
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In this study, the MC is used to prepare an RTS drink with a minimal
amount of processing techniques. A sensory evaluation was carried out
to determine the acceptability of the RTS drink. It was hypothesized
that by having a good formulation of the RTS drink, there will be
higher acceptability among consumers. Finally, microbiological
quality tests were carried out to observe the shelf life of the drink.
The RTS drink was prepared using untreated water, and boiled water
and the microbial quality of both prepared samples were evaluated.
As the RTS drink only undergoes a minimal amount of processing, it
is succumb to high perishability. It was predicted that the RTS drink
prepared using boiled water and stored at low temperature will have
the lowest microbial growth.

2. MATERIALS AND METHODS

2.1 Preparation of RTS MC Drink

The ripe fruit of MC of the Chinese variety obtained from a local market
was sliced into approximately 1 cm thickness after removing its seeds.
MC slices were soaked in rice washed water with asam keping (Garcinia
atroviridis) for approximately 30 min as a debittering process. After
rinsing with clean water, MC juice is extracted followed by adding brown
sugar, artificial honey, low-fat yogurt, lime juice, and mint extract. Five
different concentrations (0.58, 0.70, 0.80, 0.90, and 1.00 g/mL) of the
drink sample were prepared by increasing the amount of MC and served
in amounts of approximately 15 mL for each sample. The concentration
of 0.58 g/mL was used as an initial concentration based on the essential
amount of MC used in the original RTS formulation [14].

2.2. Sensory Evaluation of RTS MC Drink

Forty untrained panelists were randomly selected as the sample size. The
drink samples were rated based on a 7-point hedonic scale [15], where
one is to dislike extremely, followed by 2 - dislike moderately, 3 - dislike
slightly, 4 - neither like nor dislike, 5 - like slightly, 6 - like moderately,
and 7 - like extremely. Attributes that were tested include the appearance
(color), aroma/smell, taste (flavor), texture, aftertaste (lingering bitterness
after swallowing), and the overall acceptability. The sample concentration
with the highest score was regarded as the most acceptable formulation
and was used in the further investigation of the microbiological quality.
Statistical analyses were carried out using IBM SPSS® (Statistical
Program for the Social Sciences, Chicago, IL). Analysis of variance and
Pearson’s correlation coefficients was used to analyze average values,
standard deviations and significant difference between means.

2.3. Microbiological Quality of RTS MC Drink

The drink sample with 0.8 g/mL concentration was prepared using
water processed through reversed osmosis, using both boiled and
untreated water. Plain water with no drink sample preparation was
used as the control, providing a total of 4 samples: Drink sample
prepared using boiled water; drink sample prepared using untreated
water, plain boiled water, and plain untreated water. All samples were
kept in small glass bottles of 200 mL each at two different temperatures
of 4 + 2°C (refrigerated temperature) and 28 + 2°C (tropical climate
room temperature), respectively. Microbial tests were conducted
on each sample daily for a period of 6 days (144 h) consecutively
using methods that are modified from the U. S. Food and Drugs
Administration Bacteriological Analytical Manual [16].

2.3.1. Aerobic plate count
An amount of 0.1 mL of the solution of each dilution (107'-107°) was
spread onto solidified plate count agar (Merck, Germany) using a bent

glass rod then incubated at 35°C for 24 h. Triplicates were performed
for each dilution. Normal plates (30-300 colonies) were counted,
plates with more than 300 colonies are recorded as too numerous to
count, while plates <30 colonies are recorded as too few to count.

2.3.2. Enumeration of yeasts and molds

An amount of 0.1 mL of the solution of each dilution was spread onto
solidified potato dextrose agar (Merck, Germany) added with 0.01%
chloramphenicol (Calibiochem, Germany) using a bent glass rod then
incubated at 25°C for 3-5 days. Plates containing 10—150 colonies
were counted.

2.3.3. Presumptive test of coliforms

The 3-tube most probable number (MPN) test was being used. 1 mL
of 3 consecutive dilutions (1:10, 1:100, and 1:1000) of the sample
was being inoculated into lauryl tryptose broth (Merck, Germany)
containing inverted Durham tubes then incubated at 35°C for 24 h.
Tubes were examined for the positive gas formation, and MPN per
gram was determined from the 3 tube MPN with 95% confidence
intervals.

2.3.4. Presumptive test of E. coli

The sample was streaked on solidified Levine Eosin Methylene
Blue agar (Friendemann Schmidt, Australia) and was performed on
triplicates. Plates were incubated at 35°C for 24 h. The plates were
examined for dark centered colonies with a green metallic sheen which
establish the presumptive presence of E. coli.

3. RESULTS AND DISCUSSION
3.1. Sensory Evaluation of RTS MC Drink

The results of the sensory evaluation of the RTS drink are shown in
Table 1. Among the five concentrations of the RTS drink, the most
accepted concentration was 0.80 g/mL with a mean score of 4.09 on a
hedonic scale of 1-7. As expected the least accepted concentration was
1.00 g/mL. The high score for 0.80 g/mL was mostly due to the higher
ratings of its appearance and texture, even though it was only average
for the taste. The most accepted taste for the RTS drink was the original
formulation with a concentration of 0.58 g/mL, as the taste gets bitter
with increasing concentration. There was no significance (P > 0.05)
for the score between the concentrations, and the standard deviation
was very high. The most acceptable concentration of the RTS drink
(0.80 g/mL) was used to conduct the microbiological quality.

The sensory evaluation of bitter gourd RTS beverage produced by
Satkar et al. [17] had showed very close scores among all parameters
on a 9-point hedonic scale. All scores were above average at 7.3 for
color and appearance, 7.3 for flavor, and 7.5 for taste, while overall
acceptability was 7.6. In the formulating of dietetic soft drinks using
bitter gourd polysaccharide by Aziz et al. [18] the sample using 7.5%
slices of bitter gourd scored the highest in terms of the taste. The
functional and dietetic beverage from bitter gourd developed by Din
et al. [10] reported that their formulation produced sensory properties
ranking above the acceptable range, and was suggested that their best
formulation was with 15% of bitter gourd extract. The RTS drink of
this recipe had ranked average on most of the aspects, and like other
studies have close scores among the concentration and parameters,
and based on the hedonic scale, it was only liked slightly. The overall
acceptance decreases as the concentration of the MC content in the
drink increases which signifies that many of the panelists do not prefer
high amounts of MC concentration and the taste was only acceptable to
a certain amount of the panelist. In general, bitter-tasting foods are not
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Table 1: Sensory evaluation score on a hedonic scale of 1-7 of all attributes (appearance, aroma, taste, texture, aftertaste, and overall acceptability) and mean
score of all attributes of the RTS drink with five concentrations (0.58, 0.70, 0.80, 0.90, and 1.00 g/mL)

Concentration of MC Attributes Mean score of
in RTS drink (g/mL) Appearance (color) Aroma/smell Taste (flavor) Texture Aftertaste Overall acceptability all attributes
0.58 4.575 3.85 4.05 4.525 3.875 3.55 4.071£0.404
0.70 5.075 3.925 3.875 4.15 3.525 3.575 4.021+0.566
0.80 5.800 3.625 3.725 4.525 3.200 3.700 4.096+0.938
0.90 5.025 3.575 3.375 4.450 3.275 3.875 3.929+0.683
1.00 5.000 3.800 2.975 4475 2.750 3.825 3.804+0.857

Results for each attribute are presented as mean for =40, mean score of attributes presented as a mean and standard deviation, RTS: Ready-to-serve

in the likeness of most consumers, but certain foods or beverages with
bitter taste are enjoyed by the public for example coffee. Bitterness had

Table 2: MPN per gram for the RTS drink prepared using untreated and
boiled water stored at 4+2°C and 28+2°C for 6 days

used to be a caution against toxicity; however, certain bitter-tasting Day MPN per gram for 3 tubes each at 0.1, 0.01, and 0.001 g
foods such as cruciferous vegetable or green tea may be beneficial to inocula
health. Stein et al. [19] hypothesized that the degree an individual is RTS drink prepared using RTS drink prepared
exposed to bitter tasting foods can alter the degree of likeness toward untreated water using boiled water
it. Repeated exposure and the presence of other palatable taste are 4£2°C 28420C 4£2°C 28420C
more likely to increase the degree of likeness.

0 93 150 210 210
3.2. Microbiological Quality of RTS MC Drink ! 23 1100 150 1100
The results for aerobic plate count of RTS drink are shown in Figure 1. 2 2 28 1 1100
There was a high increase in the amount of bacterial growth after 1 day 3 20 460 20 150
of storage of the RTS drink when kept at room temperature of 28 + 4 28 1100 3 1100
2°C. The RTS drink kept in refrigerated conditions has log CFU/g 5 150 78 3 35
that remained below 4.0 up to 2 days of storage. Due to the minimal 6 ; ; 210 1100

amount of processing and preservation techniques, the RTS drink has a
short shelf life and has to be served and consumed at most 2 days after
its preparation and kept under refrigerated conditions.

The microbial load of molds and yeasts of the RTS drink is shown in
Figure 2. Similarly, there was a significant increase in the amount of
molds and yeasts on the 2" day of storage at room temperature. The
growth increased significantly on the 4" day for the RTS drink that
was kept in refrigerated conditions (4 = 2°C). The boiling of water is
able to eliminate most foodborne pathogens but not effective at killing
endospores [20]. Previous studies by Rosa er al. [21] had reported
that there are minimal differences in water quality of untreated and
boiled water also can account for the less significant results of reduced
levels of contamination. These reasons may explain the higher growth
amounts in the enumeration of molds and yeasts than the RTS drink
prepared with untreated water.

The coliform MPN results [Table 2] showed that the total coliform
count in samples stored at room temperature (28 + 2°C) reached up
to 1100 MPN/g by the 2™ day of storage which was the highest count
recorded when prepared using both untreated water and boiled water.
The coliform count for samples stored at refrigerated temperature
4+ 2°C was maintained at lower counts which ranged at 7-150 MPN/g
prepared using untreated water and 3—210 MPN/g prepared using boiled
water. The inconsistency of the MPN number for all samples can be
accounted by the presence of the life coliform in the water used in the
preparation of the sample at the same time growth of spoilage bacteria.
Previous studies done on fresh-squeezed orange juice by Bagci and
Temiz [22] showed that the coliform count of juice was within 1-4
log MPN/mL. However, total coliform count in the study by Leul and
Kibret [23] on freshly squeezed mango and pineapple juice had ranges
9.2—>1000 MPN/mL and <3 —>1100 MPN/mL, respectively. Similar
to total viable count and mold and yeasts enumeration, there is a high
possibility of recontamination of boiled water during the preparation

Results of MPN per gram are based on table readings for 3 tubes each at 0.1, 0.01,
and 0.001g inocula with 95% confidence intervals, RTS: Ready-to-serve, MPN: Most
probable number

—4&— using non boiled water (28+2C) —#— using boiled water (28+2C)

—#&— using non boiled water (4+2C) using boiled water (4+2C)

H— —H

LOG CFU/G
O R N W A U O N ®

TIME (DAYS)

Figure 1: Log CFU/mL for the aerobic plate count for ready-to-serve drink
prepared using untreated and boiled water and stored in refrigerated (4 + 2°C)
and room temperature (28 + 2°C) for 6 days

and handling of the sample when stored in smaller bottles [21]. The
boiling of water using different utensils (electric kettle or pot) and
the duration of boiling also influences the quality of the boiled water.
As discussed by Cohen et al. [24], shorter boiling durations were
associated with lower coliform counts, and electric kettles provide
a more consistent and full pathogen inactivation and hence lesser
secondary contamination. It was also uncertain if boiling of water
alone is able to improve the quality of drinking water [24]. It can be
concluded that the recontamination of boiled water caused the higher
microbial load in the sample prepared with boiled water instead of
untreated water.
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The presumptive presence of E. coli in the RTS bitter gourd drink
using untreated and boiled water is shown in Table 3. There was no
E. coli detected in the plain water used in the preparation of MC drink;
therefore, it can be determined that the source of E. coli was from
the raw ingredient of bitter gourd. There was more growth of E. coli
detected in the drink kept at room temperature (28 + 2°C) compared to
it being kept at refrigerated temperature (4 £ 2°C). In the study by Reddi
et al. [25], on the microbiological quality of street vended fruit juices,
it showed ranges of 1.1-2.0 and 2.6-2.9 log 10 CFU/mL of E. coli
and fecal coliforms count, respectively, in grape, pineapple, sapota,
and sweet lime juices. Another study conducted on the microbiological
quality of fruit and vegetable juices in Nigeria by Ukwo et al. [26]
showed similar amount of total count for total viable count, coliform
count, fecal count and Staphylococcal count for vegetable juices than
fruit juices, Salmonella was detected also in several samples. Al-Jedah
and Robinson’s [27] study had also showed the presence of microbial
growth in juices with total colony count (6.6x10*-1.2x10” CFU/mL),
coliform count (not detected - 1.6x10° CFU/mL) and yeasts and molds
count (not detected - 4.0x10* CFU/mL). Due to the addition of yogurt
as one of the ingredients of the RTS drink, there was a high total
aerobic count of the drink. Similar to viable plate counts of yogurt,
lactic acid bacteria was most probably the dominant microflora
that appears on the plate count [28]. Heat treatment, for example,
pasteurization may not be a suitable option for the formulation of
this RTS drink, as it was reported that the heating of yogurt for 10—
15 min at 60°C will cause a reduction in its bacterial count by 97—

Table 3: Presumptive presence of E. coli in the RTS drink at 4+2°C and
28+2°C for 6 days

Day Juice prepared using Juice prepared using
untreated water boiled water

4+2°C 28+2°C 4+2°C 28+2°C

0 - + - -

1 - - - +

2 - - - +

3 - + - +

4 - R - -

5 - - - -

6 - - - -

Results are shown as positive or negative performed on triplicates, RTS: Ready-to-serve,
E. coli: Escherichia coli

—&— using non boiled water (28+2C) —#— using boiled water (28+2C)

—— using non boiled water (4+2C)

using boiled water (4£2C)

LOG CFU/G
O Rr N W A U O N ®

TIME (DAYS)

Figure 2: Log CFU/mL for the enumeration of molds and yeasts for ready-
to-serve drink prepared using untreated and boiled water and stored in
refrigerated (4 + 2°C) and room temperature (28 + 2°C) for 6 days

99% [29]. Other foodborne pathogens possibly present in RTS drinks
are Staphylococcus aureus as it is widely present in the environment
and could also be contamination from food handlers. Some molds and
yeasts such as Mucor sp., Aspergillus niger, Aspergillus flavus, and
Saccharomyces sp., which are regular food spoilage microorganisms
that easily contaminate fresh produce [7].

Yeasts spoilage are often the main cause in microbial quality
deterioration of juices due to the high sugar content in juices and the
tolerability of molds and yeasts in acidic conditions [30]. Compared to
bacterial contamination in the RTS drink that is unobservable, molds,
and yeasts growth can be easily observed in the product and can be
detected more easily allowing them to function as an indicator for
quality of raw materials [6]. Some other spoilage signs that can be
observed in fruit juice are formation of haze, production of carbon
dioxide and off-odors and as well as changes in color [31]. Acid
tolerant bacteria are also mostly present due to low pH and have been
reported to be a deteriorative in juices which causes off flavor [6].

Plant-based ingredients can be easily contaminated by E. coli due to
its frequent contact to soil. According to Franz and van Bruggen [32],
plants can serve as a carrier for human enteric pathogens such as E. coli
O157:H7 and Salmonella enterica serovars especially in the production
of leafy green vegetables. Raghubeer and Matches [33] conducted tests
showing that the temperature range for growth of £. coli O157:H7 was
at 24.3-41.0°C at 24 h and 19.3-41.0°C at 36 h and 48 h. Therefore,
the refrigerated temperature of 4 + 2°C had inhibited the growth of
E. coli in the RTS drink. The presence of foodborne pathogens in juice
has led to foodborne outbreaks due to its consumption, especially in
fruit juices. In most cases from 1991 to 2010, the outbreaks were due
to unpasteurized juice [6]. Pasteurization is recommended for fruit
juice at 90-95°C for 4-10 s as it is effective in reducing E. coli and
Salmonella, it is however not effective against heat-resistant fungi and
bacteria [6]. At the same time, thermal pasteurization causes nutritional
loss and other physicochemical damages to the juice, such as in this
study the taste of the MC drink was not desirable after heating. Certain
consumers also prefer unpasteurized juice for its “fresh flavor [7].”

A study by Radke-Mitchell and Sandine [34] provided an optimum
growth temperature range for Lactobacillus bulgaricus at 35-42°C
and for Streptococcus thermophilus at 43—46°C, therefore explaining
the high MPN count for the RTS drink stored at room temperature
28 + 2°C. The inconsistency of the MPN number for all samples can
be accounted by the presence of the life culture and also the growth of
spoilage bacteria. Therefore, the MPN method could not be used as a
suitable indicator for determining the overall microbial safety of the
RTS drink under this condition. The high amount of coliforms could
also be due to a high water activity of the RTS drink, as high water
activity encourages growth and survival of microorganisms [8].

In the preparation of RTS juices, water is added as part of extraction
and for dilution of juices with flavors that are too strong. According
to a study by Nonga et al. [7], juice vendors in the study group did
not pasteurize the juice after preparation, and most of the vendors did
not store in proper cold storage. There was also improper washing of
utensils and waste receiving bins. They concluded that the improper
cold storage did not provide sufficient cooling and encouraged
microbial growth. It was also reported that water used for washing
fruits and for preparation of juices came from sources such as wells
and taps and up to 44.4% of the vendors did not boil water for juice
dilution [7]. Water and environment are factors that may cause fungi
contamination, especially in washing raw produce. High microbial
counts were also reported due to the poor quality of water for dilution,
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unhygienic utensil washing methods and poor personal and domestic
hygiene [8].

In the National Standard for Drinking Water Quality [35] by the
Ministry of Health Malaysia under the Engineering Services Division,
the accepted value of E. coli presence for the recommended raw water
quality is 5000 MPN/100 ml, while for drinking water quality standards
the maximum accepted value is 0 in 100 ml. This is also in compliance
with the National Primary Drinking Water Regulations [36] by
the United States Environmental Protection Agency whereby the
maximum contaminant level (MCL) for total coliforms including fecal
coliform and E. coli is at 5% mg/L, and the MCL goal is at 0 mg/L.
Referring to these standards, the MC drink is not safe for consumption
when kept for more than 1 day at room temperature (28 + 2°C) and
when raw untreated water was used. It is recommended that boiled
water is used in the preparation and the drink be kept refrigerated until
served.

4. CONCLUSION

The sensory evaluation of a product is important in determining the
acceptability among consumers. The most accepted concentration
of the MC drink was 0.80 g/mL, having the highest average score
compared to other concentrations which may be too bland or too bitter.
The microbial quality of MC drink serves as a safety indicator of RTS
drinks. Under refrigerated conditions (4 + 2°C) the drink can maintain
its microbial safety up to 2 days or within 48 h of preparation, while
it does not past 1 day when left in room temperature. Storing RTS
drinks in refrigerated conditions can suppress the growth of foodborne
pathogens as well as spoilage molds and yeasts. The sanitary condition
of raw materials in preparing RTS drinks; especially water and fresh
ingredients have to be monitored to prevent from contaminating the
product. The formulation of this RTS drink can be aimed at targeted
consumers with concern for health issues or those who have interest in
natural products. Education is important for food handlers in preparing
and serving RTS products to prevent from foodborne pathogenic
outbreaks.
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