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ARTICLE INFO ABSTRACT

Keywords: Preservation and shelf life extension of mature coconut water (MCW) is paramount importance for the pro-

Preservation duction of flavored beverages. The present study aims to evaluates the effects of packaging materials (glass

g“"‘mermal technology bottles, PET bottles and stand-up pouches) and storage temperatures such as atmospheric (28 + 6 °C) and cold
everage

storage (5 + 1 °C) temperatures on microbial growth and quality parameters (pH, Total Soluble Solids (TSS),
total sugar, reducing sugar, and non-reducing sugar) of ultrasound treated MCW during storage. The results
showed that pH, total soluble solids, total sugar, reducing sugar and non-reducing sugars decreased significantly
(p < 0.05) during storage, irrespective of packaging materials. It was observed that the microbial load increased
significantly (p < 0.05) during storage of ultrasonicated samples and control samples. The present study
concluded that ultrasonication of MCW at 60% amplitude for 10 min treatment time increased their shelf life up
to 12 days under cold storage condition (5 + 2 °C) with a safe limit of microbial load and maximum retention of
nutrients. Even though all the packaging materials were found to be statistically on par (p > 0.05) in maintaining
quality parameters and microbial load, glass bottles were observed to be most effective packaging followed by

Refrigerated storage
Reducing sugar

PET bottles and stand-up pouches.

1. Introduction

Coconut water (CW) is gaining popularity in the international market
as a rehydrating drink with numerous nutritional and medicinal prop-
erties (Prithviraj et al., 2021). Compared to tender coconut water or
young coconut water, mature coconut water (MCW) has loaded with
higher proteins and organic ions, such as calcium, potassium, magne-
sium and phosphorous (Tan et al., 2014). During ripening, coconut
water’s flavor degrades due to decrease in water content and an increase
in crude fat content (Zhang et al., 2018). For commercialising coconut
water as a ready-to-drink beverage, manufacturers investigate and apply
various treatments, such as thermal sterilisation, pasteurisation, filtra-
tion, and addition of additives in various combinations (Tan & Easa,
2021; Prades et al., 2012). Nevertheless, the proper handling and
transportation of coconut water are of utmost importance, as air
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exposure can accelerate rancidity, cloudiness, and discoloration caused
by enzymes (Pandiselvam et al., 2022; Prithviraj et al., 2022).

Therefore, appropriate treatment is necessary for inactivating en-
zymes and spoilage microorganisms, as well as proper management and
protocol during the processing and storage of coconut water. The canned
coconut water that is available on the market is thermally treated at high
temperatures for a short period. Although food commodities are subject
to strict practices and thermal processing for ensuring their safety,
consumer acceptance is low, especially when considering nutritional
quality and natural flavors (Khandpur & Gogate, 2016). Consequently,
proper processing method is necessary to ensure a product that is stable
without altering its taste or nutritional value (Preetha et al., 2021).

In contrast to thermal treatments, non-thermal treatments provide
food with the desired stability and microbial safety with minimum
impact on sensory and nutritional properties. The emerging non-thermal
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treatments such as cold plasma, ozone, ultrasound, high-pressure pro-
cessing (HPP), and pulsed light have a less detrimental and/or no effect
on the main components of the food matrix after processing in terms of
sensor, flavor, and nutritional characteristics (Kaavya et al., 2021; Sruthi
et al., 2022).

Ultrasound is one of the cutting-edge non-thermal techniques that
has been generally used to improve food processing and fruit juice
quality (Rahaman et al., 2019). The acoustic cavitation phenomenon is
responsible for microbial destruction in ultrasonication (Aslam et al.,
2022; Kutlu et al., 2022). There is a series of compressions created by
ultrasound propagation in the medium. It would result in cavitation
bubbles if the energy reached a certain point where rarefaction exceeds
the attraction between molecules (Cheng et al., 2015). A violent collapse
of unstable bubbles can destroy microorganisms and polymer chains.
Tomadoni et al. (2016) reported that ultrasound treatment (at 40 kHz
for 10 and 30 min) prevented sensory deterioration and extended the
shelf-life of strawberry juice. In addition to retaining beneficial nutri-
ents, ultrasonication can reduce microbial load while preserving taste
and quality (Zou & Jiang, 2016).

The nutritional quality and shelf life of CW depend upon the storage
conditions, packaging materials used and type of preservation treatment
(Naik et al., 2022; Prithviraj et al., 2021). Packages play an important
role since they protect food from chemical and physical damage, provide
nutritional information, and inform the consumer of how to use the
products (Anin et al., 2010). The quality of the stored food products is
altered differently by various packing materials. It is, therefore, crucial
to study the impact of packaging materials on quality parameters during
storage.

To the best of our knowledge, this work is the first to investigate the
individual and interactive effect of different packaging materials, stor-
age temperature and ultrasonication treatment on the quality of MCW
during storage. The purpose of the study was to examine the impact of
three different packaging material and two type of storage temperature
on the nutritional quality and microbial stability of ultrasonicated MCW
during storage.

2. Materials and methods
2.1. MCwW

The 12 months matured coconut (West Coast Tall variety) was ob-
tained from coconut nursery, Horticultural College and Research Insti-
tute, Tamil Nadu Agricultural University, Coimbatore, India. The
surface of the mature coconut was cleaned with distilled water to
minimize cross-contamination and then dried at room temperature. The
coconut was split open with a sterilized stainless steel cutting tool, in a
sterile environment maintained in an inside laminar flow chamber using
autoclaved utensils to reduce risks of contamination and then the co-
conut water was extracted and filtered using a muslin cloth. The filtered
coconut water was stored in a sterilized glass bottle kept temporary in an
icebox stuffed with ice packs. The mature coconut water prepared was
ultrasonicated on the same day of purchase and extraction.

2.2. Ultrasound treatment

A 1500 W ultrasonic processor (VCX1500, Sonics and Materials INC.
53 Church Hill RD. Newtown, CT. USA) at a frequency of 20 kHz was
used to process MCW (80 ml) kept in a sterile glass beaker using a 25 mm
ultrasonic probe. The probe was sanitized thoroughly before each run.
The temperature of the sample was set at 28 °¢ and was monitored with a
temperature sensor by submerging the glass beaker containing samples
in an ice bath during the ultrasonication process. The MCW samples
were treated for a treatment time of 10 min at amplitude of 60%
(optimized in the preliminary study) with a pulse cycle of 5sonand 5s
off. The control group consisted of untreated samples.
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2.3. Total soluble solid and pH measurement

The TSS content of matured coconut water samples as °Brix was
determined by using ERMA hand refractometer which had a range of
0-32 °Brix (Dubois et al., 1956). The pH of the samples was measured by
using a digital pH meter (Digisun Electronics System, Model 2001).

2.4. Total sugar, reducing sugar and non-reducing sugar analyses

The estimation of total sugars (reducing and non-reducing) in the
treated samples was done by the phenol sulphuric acid method
described by Dubois (1956). The reducing sugar content of ultrasound
treated and untreated matured coconut water was determined as per the
Nelson-Somogyi method as described by Ranganna (1986). The
non-reducing sugars were calculated using the following formula
(Samreen et al., 2020).

Non-reducing sugar (%) = Total sugar (%) — Reducing sugar (%).

2.5. Microbial load measurement

Analyses for total plate count were conducted on replicate samples
that were stored aseptically in glass bottles, PET bottles, and stand-up
pouches after 0, 3, 6, 9, and 12 days of storage at 5 + 1 °C and 28 +
6 °C. The microbial load was evaluated by serial dilutions in sterile
distilled water with samples taken from both control and ultrasonicated
samples. The samples were pour-plated in plate count agar and dishes
were incubated at atmospheric storage for 24-48 h to detect microbial
load. After the incubation period, the colonies were counted and the
number of organisms (total bacteria) per gram of sample was calculated.

2.6. Storage studies

MCW was ultrasonicated with optimized process parameters (60%
ultrasound amplitude and 10 min treatment time) (Jacob et al., 2022). It
was stored in glass bottles (1.5 mm thickness), PET bottles (0.25 mm
thickness), and stand-up pouches (120 pm thickness) from M/S Safire
Scientific Company, Coimbatore, India (30 ml in each packaging ma-
terials) under two different storage temperatures such as cold storage (5
+ 1 °Cand 91 +s5¢, ryy and atmospheric storage (stored at 28 + 6 °C and
60 + 5% RH). Control and sonicated samples were evaluated for the
physicochemical and microbial properties on the o™, 3rd, 6th, 9th’ and
12th day of storage. The packaging was done in a laminar airflow
chamber to avoid any bacterial contamination during the package of
samples. All storage studies were reported as means of three replicate
measurements.

2.7. Statistical analysis

Data were presented as meanztstandard deviation, and all experi-
ments were done in triplicate. Shelf life studies were carried out by using
a factorial completely randomized design (FCRD) with two factors,
including packaging materials (glass bottles, PET bottles and stand-up
pouches) and storage days (0, 3, 6, 9, and 12) using the AGRES statis-
tical tool.

3. Results and discussion
3.1. Biochemical profile of fresh MCW

Fresh MCW was collected from the selected mature coconuts and
used for preservation studies. The optical, physical, biochemical, and
microbial qualities of MCW were determined. A single mature coconut
bears approximately 50-250 ml of coconut water. As compared to ten-
der coconuts, mature coconuts contain less water (Pandiselvam et al.,
2018). The turbidity value of fresh MCW was found to be 229 NTU. A
mean turbidity value of 213 NTU was also obtained by Hosseini et al.
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Fig. 1. pH of ultrasonicated MCW during storage under cold and atmospheric storage conditions.

Table 1
Analysis of variance for pH and TSS in ultrasound treated mature coconut water
during cold storage period.

Effect pH TSS
ProbF C.V. Significant ~ ProbF C.V. Significant
(%) (%)
Packaging 0.955° NS 0.236" NS
material
Storage p< ok p< o
0.01% 0.01%
Packaging 1.000° NS 0.973" NS
material x
Storage
Residual 2.66% 2.66%

Significant at p < 0.01.
PNot Significant at p > 0.05.

(2019). This was due to the presence of suspended or dissolved particles
present in MCW. The pH of MCW was 5.3 which are slightly acidic. The
pH of the MCW could be useful to judge the consumers’ acceptance and
spoilage potential. The pH of coconut water can affects its flavor, con-
sistency, and shelf life thereby affecting consumer’s preferences. The
suitable pH for microbial growth is 3.6-4 (Meng et al., 2001). In order to
ensure quality control, mature coconut water should have pH values
between 5.3 and 5.8 and TSS values between 3.9 and 5.5 °Brix (BIS
2010; Chan et al., 2016). Total soluble solids (TSS) content and density
of MCW were found to be 5.0 °Brix and 1.011 g/cm? respectively. The
TSS value can indicate the sweetness of the coconut water, which affects
its taste and flavor (Kusumiyati et al., 2020). It is required by Indian
specifications for mature coconut water (BIS 2010) that the total solids
(g/100 ml) should be within 3.9-5.5 g/100 ml. Total sugars, reducing
sugars, and non-reducing sugars of the fresh sample were measured as
5.12, 2.40, and 2.72%, respectively. The total plate count value of the
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Fig. 2. TSS of ultrasonicated MCW during storage under cold and atmospheric storage conditions.

fresh sample was found to be 6.92 log cfu/ml. According to FSSAI
(2019), the acceptable total plate count in fruit juices should be within
6.00 log cfu/ml. Microbial action is one of the major reasons behind the
spoilage of coconut water (Igbal et al., 2015). Based on preliminary
studies, we found that the ultrasound treatment for 10 min at 60%
amplitude with 5 s pulse and 20 kHz frequency proved to be the best for
maintaining initial quality parameters (Jacob et al., 2022).

3.2. Effect of ultrasound treatment, packaging material and storage
conditions on physicochemical properties of MCW during storage

3.2.1. pH

The change in pH for MCW with respect to different packaging ma-
terials (Glass bottles, PET bottles, and Stand-up pouch) and storage
conditions (cold storage and atmospheric storage) was determined and
presented in Fig. 1 and Table 1.

The initial pH of the control sample and sonicated MCW, packaged in
glass bottles, PET bottles, and the stand-up pouch was 5.3. It was found
that the pH of MCW decreased significantly (p < 0.05) during the
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Table 2
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Analysis of variance for total sugar, reducing sugar and non-reducing sugar in ultrasound treated mature coconut water during cold storage period.

Effect Total sugar Reducing sugar Non-reducing sugar

ProbF C.V. (%) Significant ProbF C.V. (%) Significant ProbF C.V. (%) Significant
Packaging material 0.754° NS 0.971° NS 0.690° NS
Storage p < 0.01? i p < 0.05% p <0.01?
Packaging material x Storage 0.998° NS 1.000° NS 0.964° NS
Residual 2.61% 5.51% 3.98%

Significant at p < 0.01.
PNot Significant at p > 0.05.

Table 3
Analysis of variance for total plate count in ultrasound treated mature coconut
water during cold storage.

Effect Total plate count

ProbF C.V. (%) Significant
Packaging material 0.325° NS
Storage p < 0.01* o
Packaging material x Storage 0.960" NS
Residual 4.75%

“Significant at p < 0.01.
PNot Significant at p > 0.05.

storage period. The sonicated MCW in glass bottles at cold storage
condition showed a minimum reduction in pH from 5.3 to 4.98 from the
0™ to 12th day of storage respectively. A percentage loss in pH of 0.94%,
2.45%, 3.96% and 6.04% increased over the intervals of 0-3 days, 0-6
days, 0-9 days and 0-12 days respectively when the treated samples
were stored in glass bottles under cold storage. It was found that treated
samples at atmospheric storage resulted in pH reductions of 2.83% for
both glass and PET bottles, and 3.21% for stand-up pouches within 0-3
days and spoiled. While the control showed a rapid decrease in pH at
atmospheric storage within 0-3 days (3.77%, 3.96%, and 4.34%
reduction in pH for glass bottles, PET bottles and stand-up pouches,
respectively) this makes it undesirable. Variations in physicochemical
properties of control sample during storage are given in Table 7.

However, all the packaging materials were found to be statistically
on par in maintaining the pH during storage. Revi et al. (2014) also
observed there was no significant difference found in the pH of white
wine when stored in different packaging materials such as glass bottles,
bag with inner layer low density polyethylene and bag with inner layer
ethylene vinyl acetate. A reduction of pH must be due to the microbial
degradation of carbohydrates resulting in the production of acids during
storage (Pandiselvam et al., 2020). Mala et al. (2021) reported that the
pH of ultrasonicated (treatment time (2-10 min) and amplitude
(30-70%)) pineapple juice was significantly decreased (p < 0.05) during
the storage period.

3.2.2. Total soluble solids (TSS)

The change in TSS of MCW during storage is presented in Fig. 2 and
Table 1 (for cold storage) and Table 4 (for atmospheric storage). The TSS
content of MCW exhibited significant (p < 0.05) reduction during the

storage period. The initial TSS of control and sonicated MCW were 5.1
°Brix. After 12 days of storage, the TSS content of sonicated MCW stored
in a glass bottle, PET bottle, and stand-up pouch at cold storage
decreased to 4.6, 4.5, and 4.5 °Brix respectively. The TSS of the control
sample at cold storage condition reduced from 5.1°Brix to 4.5 °Brix after
3 days of storage. The undesirable decrease in total soluble solids is due
to the microorganism’s growth, which caused the conversion of the total
soluble solids into acids (Tabikha et al., 2010). The reduction in TSS was
observed to be higher in the samples stored in atmospheric storage than
the samples stored in cold storage. It could be due to the rate of growth
of microorganism is less in cold storage than atmospheric storage.
Throughout the storage period, all packaging materials showed similar
variations in TSS content.

Hashemi (2018) reported a significant decrease in the TSS content of
ultrasonicated (30-kHz pulsed and continuous ultrasound at 20 °C for 0,
15, 30, 45 and 60 min) Mirabelle plum during refrigerated storage
(4 °C). The decrease in °Brix for ultrasonicated samples had also been
observed in green cactus pear juice (del Socorro Cruz-Cansino et al.,
2015), carrot juice (Zou & Jiang, 2016), and passion fruit juice
(Gomez-Lopez et al., 2018).

3.2.3. Total sugar, reducing sugar and non-reducing sugar

The change in total sugar, reducing sugar, and non-reducing sugars
of MCW during storage are presented in Figs. 3-5, respectively. During
the storage period, the total sugar, reducing sugar and non-reducing
sugar content of MCW showed significant reduction (p < 0.05) which
is given in Table 2 (for cold storage) and Table 5 ( for atmospheric
storage).

The initial total sugar content of control and sonicated MCW was
5.5% and 5.3% respectively. The concentration of total sugars in soni-
cated samples stored in a glass bottle, PET bottle, and stand-up pouch at
cold storage was reduced to 4.77, 4.75, and 4.72% respectively after 12
days of storage. However, the control samples spoiled within three days
of storage as indicated by the count of microbial populations and
organoleptic properties. Samples stored in stand-up pouches showed the
maximum reduction of total sugars when compared to the other two
packaging materials. The decrease in sugars during storage is due to the
microbial action which converts sugars into acids (Alexandrakis et al.,
2012). Glass bottles retained more total sugars in both storage condi-
tions (at atmospheric storage and cold storage). However, all the
packaging materials were found to be statistically on par in maintaining
the total sugar during storage. Mala et al. (2021) also observed similar

Table 4

Analysis of variance for pH and TSS in ultrasound treated mature coconut water during atmospheric storage.
Effect pH TSS

ProbF C.V. (%) Significant ProbF C.V. (%) Significant

Packaging material 0.966° NS 0.429° NS
Storage p < 0.05% * p < 0.01% o
Packaging material x Storage 0.966" NS 0.429 ® NS
Residual 1.25% 0.93%

Significant at p < 0.01.
PNot Significant at p > 0.05.
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Fig. 3. Total sugar of ultrasonicated MCW during cold and atmospheric storage conditions.

results of the reduced total sugar content of ultrasonicated pineapple
juice during storage.

The reducing sugar content of MCW decreased over the storage
period in both sonicated and control samples. Reducing sugar content of
the samples was reduced from 2.46 to 2.25%, 2.46 to 2.24%, and 2.46 to
2.24% during the storage period of 12 days for glass bottle, PET bottle,
and stand-up pouch respectively, for the samples stored at 5+1 °C.
Similar results were reported for the drinks prepared from cucumber
(Cucumis sativus) and muskmelon (Cucumis melo) (Kausar et al., 2012).

The non-reducing sugar content of the ultrasonicated samples stored
at cold storage condition was reduced from 2.84 to 2.52% for glass
bottles, 2.84 to 2.51% for PET bottles, and 2.84 to 2.48% for the stand-
up pouch during a storage period of 12 days. While the ultrasonicated
samples at atmospheric storage was reduced from 2.84 to 2.74% for

glass bottles, 2.84 to 2.72% for both PET bottles and stand-up pouch
within 3 days and then spoiled. The Inversion of non-reducing sugars to
reducing sugars through hydrolysis caused the decline in non-reducing
sugar content (Chauhan et al., 2014). Patel et al. (2019) also reported
a similar result on the non-reducing sugars content of thermally
pasteurized tender coconut water during storage. They concluded that
the best quality of coconut water was obtained after heating at 100 °C
for 10 min and stored in glass bottles at room temperature for 3 months.
Packaging material statistically showed no significant differences in the
sugar content of MCW. Also, there was a slight variation in sugar content
observed in the packaging materials. Glass bottles were observed to be
best in maintaining the sugar content of MCW. When compared to the
glass bottle, the other two packaging materials might have a faster rate
of chemical reaction due to higher oxygen permeability and thermal
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Fig. 4. Reducing sugar of ultrasonicated MCW during cold and atmospheric storage conditions.

conductance properties which leads to the degradation of nutrients (Kim
et al., 2011).

3.2.4. Microbial load

The evolution of microbial populations during storage of MCW
packed in different packaging materials (glass bottle, PET bottle and
Stand-up pouch) under different storage conditions (atmospheric stor-
age and cold storage) are shown in Fig. 6. During the storage period, the
total plate count of MCW increased significantly (p < 0.05) and is given
in Table 3 (for cold storage) and Table 6 (for atmospheric storage).

Ultrasound-treated samples showed reduced microbial growth dur-
ing storage than the control samples. During storage of 12 days, the
microbial count increased from 4.65 to 5.43, 4.65 to 5.49, and 4.65 to
5.68 log cfu/ml for different packaging materials such as glass bottles,

PET bottles, and stand-up pouches respectively, for the samples stored at
cold storage condition. While the control samples showed rapid increase
in microbial load such as 7.02 to 7.51, 7.02 to 7.55 and 7.02 to 7.58 cfu/
ml for glass bottle, PET bottle and stand up pouch within 3 days of
storage. All the packaging materials were statistically on par in terms of
microbial growth during storage, but glass bottles had the least micro-
bial growth compared to PET bottles and stand-up pouches. The glass
bottle provides excellent barrier properties against moisture vapor,
gases, and odors, as well as having high thermal resistance. Compared to
other packaging materials, they can also prevent flavors and smells from
migrating to food and, sometimes, preserve food for longer periods.
Oxygen transmission rate (OTR) and water vapor transmission rate
(WVTR) are key gas barrier properties that contribute to shelf life of food
products (Sonar et al., 2019). PET and LDPE materials (stand-up pouch)
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Table 5

Analysis of variance for total sugar, reducing sugar and non-reducing sugar in ultrasound treated mature coconut water during atmospheric storage.
Effect Total sugar Reducing sugar Non-reducing sugar

ProbF C.V. (%) Significant ProbF C.V. (%) Significant ProbF C.V. (%) Significant

Packaging material 0.980" NS 0.985" NS 0.947" NS
Storage 0.092" NS 0.174° NS 0.057" NS
Packaging material x Storage 0.988" NS 0.985° NS 0.947° NS
Residual 2.69% 2.41% 2.86%

“Significant at p < 0.01.
PNot Significant at p > 0.05.
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will exhibit lower moisture barrier properties because moisture pene-
trates preferentially through walls of PET bottles and stand-up pouches
which are influenced by their polymeric molecular structure and
thickness. WVTR results obtained for the same bottle volume (30 cm?)
indicate that the material influences moisture barrier properties with
average values of 0.07 and 9.9 mg.day '.bottle™! for glass and PET
bottles respectively at 40 °C/75% RH. The largest oxygen barrier is
represented by the glass bottle (<0.005 ml.day '.bottle™!) when
considering the same volume of packaging material followed by PET

Microbial load (log cfu/ml)
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Fig. 6. Microbial load of ultrasonicated MCW during cold and atmospheric storage conditions.
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(0.012 ml.day .bottle 1) at 23 °C and 21 atm partial pressure gradient
(Jaime et al., 2022). Stand up pouches (LDPE) are transparent to
translucent, highly flexible, but fairly permeable to oxygen (6500—8500
[ em3/(m?%/24 h atm)] at 38 °C (RH 90%)), CO2, and odors. As a result,
microbial growth was found to be more in stand-up pouch than other
two packaging materials (Chaliha et al., 2013). Similar results on more
effectiveness of the glass bottle in preventing microbial growth were
reported by Nwafo and Ikenebomeh (2009). El-Sheikha et al. (2009)
found that Physalis (Husk tomato) juice packaged in glass bottles was
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Table 6
Analysis of variance for total plate count in ultrasound treated mature coconut
water during atmospheric storage.

Effect Total plate count

ProbF C.V. (%) Significant
Packaging material 0.244 NS
Storage p <0.01 xx
Packaging material x Storage 0.244 NS
Residual 3.91%

3Significant at p < 0.01, "Not Significant at p > 0.05.

Table 7
Variations in physicochemical properties of control sample during storage.

Storage period pH

Normal storage Cold storage

G P S G P S
0 5.3 5.3 5.3 5.3 5.3 5.3
3 5.10 5.09 5.07 5.20 5.20 5.19
TSS

Normal storage Cold storage

G P S G P S
0 5.1 5.1 5.1 5.1 5.1 5.1
3 4.5 4.5 4.4 4.8 4.8 4.8

Total Sugar

Normal storage Cold storage

G P S G P S
0 5.48 5.48 5.48 5.48 5.48 5.48
3 5.1 5.1 5.1 5.31 5.31 5.31

Reducing sugar

Normal storage Cold storage

G P S G P S
0 2.25 2.25 2.25 2.25 2.25 2.25
3 2.15 215 2.13 2.2 2.19 2.19

Non-reducing sugar

Normal storage Cold storage

G P S G P S
0 3.23 3.23 3.23 3.23 3.23 3.23
3 2.97 2.97 2.95 3.16 3.15 3.15

Total plate count

Normal storage Cold storage

G P S G P S
0 7.02 7.02 7.02 7.02 7.02 7.02
3 8.28 8.35 8.39 7.51 7.55 7.58

more stable during storage than juice packaged in laminated flexible
plastic packages.

Control samples spoiled within 24 h as determined by analyzing the
change in physical properties of the samples. The sonicated samples
stored at atmospheric storage spoiled within three days of storage. When
compared to sonicated samples, the rate of microbial growth in the
control samples stored under both storage conditions was much higher
during three days storage. There were similar results observed by
Gomez-Lopez et al. (2017) on decreased microbial populations of soni-
cated passion-fruit juice than those of non-sonicated juice during
refrigerated storage. According to FSSAI (2019), the acceptable total
plate count in fruit juices should be within 6.00 log cfu/ml. In the pre-
sent study, sonicated samples under cold storage conditions were within
the safe limit of 6 log cfu/ml even after 12 days of storage.

4. Conclusion

The present study concluded that sonication of MCW at 60%
amplitude for 10 min, increased their shelf life up to 12 days at the cold
storage condition with minimum microbial load and maximum reten-
tion of nutrients. To maintain the benefits of ultrasound treatment on
MCW during storage, it is essential to select a packaging material that is
compatible with food. The pH, TSS, total sugar, reducing sugar and non-
reducing sugar of coconut water decreased significantly (p < 0.05) while
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total plate count of the sample increased significantly (p < 0.05) during
the storage period. It was found that the samples stored in glass bottles
under cold storage conditions had minimal changes in nutrients and
minimal growth in microbial load when compared to the other two
packaging materials. However, all the packaging materials were
observed to be statistically on par in terms of microbial growth and
maintaining nutritional quality during storage. The obtained results
confirmed that ultrasound treatment can be an alternative to thermal
treatment for MCW preservation.
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