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Abstract Evaluation of tender coconut water was done
that was subjected to a nonthermal two stage microfiltra-
tion process that involved filtration through 0.8 um and
0.45 pum pore size filters followed by addition of 200 mg/L
citric acid, 180 mg/L ascorbic acid, orange honey at 5%
(w/v) followed by packaging in glass bottles with head-
space flushed with nitrogen. The effect of storage under
refrigeration was studied. Microfiltration reduced the total
simple sugars, protein and reducing sugars respectively by
13.4, 13.0 and 21.5% without significantly affecting the
overall acceptability. Microfiltered samples did not show
any signs of haemolytic activity. Addition of citric acid,
ascorbic acid and honey was able to reduce activity of
polyphenol oxidase and peroxidase and maintain product
stability. Even though microfiltered samples were sterile
for 190 days, the samples were acceptable for sensory
attributes till day 90 of storage. Microfiltration and use of
additives were thus found to increase the shelf life of tender
coconut water.
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Introduction

Tender coconut water is the clear liquid extracted from
unripe green coconuts. Tender coconut water industry has
developed into a billion-dollar industry in the past 10 years
because of its growing demand among athletes and also an
increasingly health conscious middle class considers it as a
natural health benefiting beverage. This demand is due to
its rehydration property, medical benefits as well as its
unique taste. The importance of processing and packaging
of tender coconut water arises due its low shelf life as it
gets contaminated by microbes easily and loses its sensory
and nutritive properties, rendering it unsuitable for drinking
within a day or two (Sucupira et al. 2017; Haseena et al.
2010; Reddy et al. 2005).

The unique flavour of tender coconut water is lost on
thermal processing (Sucupira et al. 2017; Haseena et al.
2010). Non-thermal technologies viz. cold pasteurization,
dense phase carbon dioxide technology, microfiltration etc.
were applied to preserve tender coconut water (Mahnot
et al. 2014; DasPurkayastha et al. 2012). DasPurkayastha
et al. (2012) and Mahnot et al. (2014) reported a maximum
shelf life of 21 days and 46 days, respectively for tender
coconut water processed and packaged by microfiltration
technique with added ascorbic acid and citric acid.
Microfiltration alone was found to be effective in removal
of spoilage causing microorganisms but could not maintain
product characteristics for long owing to inherent deterio-
rative reactions in the water. Thus, considering the findings
of previous works, the current study was taken up to further
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enhance the shelf life of tender coconut water by non-
thermal means.

Additives are commonly added to maintain product
characteristics for a sufficient time. Additives alone or in
combination are mostly utilized for microbial inactivation,
antioxidant activity, prevention of browning and increase
in titratable acidity. Currently honey is being utilized as an
added component to various fruits and vegetables juices,
milk, and tea in the preparation of ready to serve beverages
(Balogu and Towobola 2017; Bhama et al. 2013; Krushna
et al. 2007). Honey is considered as a class I preservative
and is well known for its medicinal value, antioxidant and
antimicrobial properties (Israili 2014; Alvarez-Suarez et al.
2010). Thus utilization of natural food like honey and
additives that are naturally present in foods in the pro-
cessing of tender coconut water seemed to be viable for
experimental studies. Further, the application of kinetic
analysis would reveal how the product characteristics could
be maintained. In the current work, a comparative study
was carried out to observe the effects of microfiltration and
additives viz. citric acid, ascorbic acid and honey on tender
coconut water stability during storage at 4 °C and assess
the changes in sensory attributes.

Materials and methods
Materials

Tender coconuts were procured as whole nuts from the
market near Tezpur city, Assam, India. Cultivated honey
sample form Sohra town (state of Meghalaya, India) was
collected from orange plantation fields without any pro-
cessing i.e. raw. All the chemicals were obtained from
Merck except for citric acid and L-ascorbic acid that were
obtained from Sigma, USA. Microbial media were
obtained from HiMedia, India. The membrane filters with
pore size of 0.8 pm and 0.45 um were obtained from
Merck Millipore.

Sensory evaluation of tender coconut water
on honey addition

Tender coconut water was added with Sohra honey sample
at concentration levels of 0, 5, 10 and 15% (w/v) and the
samples were given to 15 semi-trained panellists for
judging sensory attributes on a 9-point hedonic scale (9-
like extremely, 8-like very much, 7- like moderately, 6-like
slightly, 5-neither like nor dislike, 4-dislike slightly,
3-dislike moderately, 2-dislike very much and 1-dislike
extremely). The sensory attributes taken into consideration
were aroma, sweetness, colour and overall acceptability.

Mean sensory score less than 5 (neither like nor dislike)
was judged as non-acceptable.

Tender coconut water processing

The procured whole tender coconuts were sanitized by
dipping for 10 min in 300 mg/L sodium hypochlorite
solution and cut open with a clean stainless steel knife. The
tender coconut water was strained into a beaker to remove
large particles and then transferred inside a laminar hood
for further processing. Inside the laminar hood the tender
coconut water was filtered using a filter and clamp con-
nection with a sterile Whatman No. 4 filter and the filtrate
was divided into two portions. The filtrate was then filtered
first through a 0.8 pm membrane using a sterile bacterial
filtration unit and then again the filtration was carried out
through a 0.45 pym membrane filter in a separate sterile
unit. The final filtered product was transferred to a sterile
heavy duty vacuum flask. The filtration processes were
aided with a vacuum pump attached to the filtration unit.
Calculated amount of citric acid (200 mg/L), ascorbic acid
(180 mg/L) and honey (5%) were the additives added.
Additives were added in different combination just before
the 0.45 pm filtration step. The tender processed coconut
water samples were bottled in sterile glass bottles in which
the head space was flushed with nitrogen gas. The bottles
were stored in refrigerator at 4 °C for monitoring of shelf
life. The portion filtered only through Whatman filter paper
is referred to as non-micofiltered tender coconut water and
the portion filtered through 0.8 pm and 0.45 pm membrane
filters are referred to as microfiltered samples in this paper.

Sample coding

The following samples with codes were processed for the
comparative study.

(a) Non-Microfiltered samples (Whatman filtered only)

e TCW—Tender coconut water filtered with What-
man no. 4 filter

o TCWA—Tender coconut water added with addi-
tives (i.e. citric acid and ascorbic acid)

e TCWH—Tender coconut water added with honey

e TCWAH—Tender coconut water added with
additives and honey

(b) Microfiltered samples (Whatman filtered followed by
microfiltration through 0.8 and 0.45 pm membrane
filters)

o TCWE—Microfiltered tender coconut water
o TCWFA—Microfiltered tender coconut water
added with additives
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o TCWFH—Microfiltered tender coconut water
added with honey

o TCWFAH—Microfiltered tender coconut water
added with additives and honey

Storage study

The storage study was designed for 190 days i.e., beyond
6 months. Physicochemical analysis and enzyme monitor-
ing of the stored samples were carried out at an interval of
7 days till day 42 of analysis as rapid changes in the bio-
chemical parameters were expected to occur. Thereafter
the analyses of non-microfiltered samples were carried out
every 15 days as large number of tests were required to be
carried out. Non-microfiltered samples could be studied till
day 115 only as the samples became microbiologically
unacceptable thereafter. Microfiltered samples were anal-
ysed for microbial load after every 15 days till day 190 of
storage as the samples were found to be sterile even on day
190. Sensory studies were also carried out for the samples
during the storage study and haemolytic activity of the
samples was checked. Sensory parameters (mentioned in
Sect. 2.2) of the non-microfiltered stored samples were
determined till day 30 as after this period, the microbial
load became unacceptable. Microfiltered samples were
analysed for sensory attributes after 30 days interval till
115 days. The study was stopped after 115 days because
the overall acceptability of the samples was below 5 (nei-
ther like nor dislike).

Physicochemical analysis of tender coconut water
during storage

The pH was measured using a pH meter (Eutech pH 700,
Singapore). Hunter L, a, b parameters were taken using
Hunter color lab (Ultrascan, VIS-Hunter Lab., USA). Total
soluble solids (TSS) was measured using an Abbe refrac-
tometer (Atago DR-A1, Japan) at 20 °C as per AOAC
(2005). Total simple sugars was measured by taking
0.1 mL of the sample and making the volume up to 1 mL
with distilled water to which 4 mL of anthrone reagent
(200 mg in 100 mL of 95% H,SO,) was added and the
color developed after boiling for 8§ min in a water bath was
measured in a spectrophotometer (Cecil Aquarius 7400,
England) at 630 nm (Mahnot et al. 2014). Titratable acidity
(TA), free fatty acid content (FFA) were estimated as per
Mahnot et al. (2014). For total reducing sugars that was
estimated using Nelson Somogyi method (Sadasivam and
Manickam 2007), 0.1 mL of the samples was diluted to
1 mL with distilled water from which 0.1 mL of aliquot
was taken for analysis and absorbance was recorded at
620 nm. Total phenolic content was measured using Folin-
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Ciocalteu reagent (FCR) method wherein 0.5 mL of the
sample was added with 7.9 mL of distilled water and
0.5 mL FCR and finally after 8§ min 1.5 mL Na,CO; was
added. The solution was incubated for 30 min at 40 °C for
reaction and the colour developed was measured in a
spectrophotometer at 765 nm with gallic acid as standard
(Saikia and Mahanta, 2013). For 2, 2-diphenyl-1-picryl-
hydrazyl (DPPH) radical scavenging activity i.e. antioxXi-
dant activity, 0.1 mL of sample was added to 1.4 mL of
10~* M DPPH solution in methanol and after 30 min the
absorbance was observed at 517 nm using 0.1 mL of
methanol as blank (Saikia and Mahanta 2013). Soluble
protein was estimated following the method given by
Bradford (1976) wherein, precisely 0.1 mL of the sample
was added with 5 mL of coomassine brilliant blue dye and
vortexed after a 2 min incubation period and the absor-
bance was recorded at 595 nm using bovine serum albumin
as standard.

Enzyme activity measurements

Activity of polyphenol oxidase (PPO) and peroxidase (PO)
was measured according to the protocol given by Campos
et al. (1996). For both PPO and PO, the data were reported
as AA/min/mL x 100% (DasPurkayastha et al. 2012).

Sucrose neutral invertase (SNI) enzyme activity was
measured using the method reported by Mao et al. (2007)
with slight modifications. Briefly, 100 pL of 120 mM of
sucrose was added to a mixture consisting of 50 pL of 1 M
sodium acetate (pH 7.5) and 50 pL of the sample to be
tested. The reaction was stopped after 60 min by boiling
the mixture for 3 min. The concentration of glucose lib-
erated was determined by Nelson Somogyi method
(Sadasivam and Manickam 2007).

Microbiological analysis

Total plate count and total coliform count were performed
using plate count agar and Rapid HiVeg coliform agar
media, respectively. Briefly, 100 pL of the tender coconut
water samples under study was taken and spread on the
plates of respective media. The plates were than incubated
at 37 °C for 24 h in an incubator for enumeration of
colonies. The colony counts were carried out at 15 days’
interval till day 75 for non-microfiltered samples. The
microfiltered samples were also analysed at 15 days’
interval till day 190. Those samples that showed coliform
count above 10 CFU/mL were considered as non-accept-
able as 10 CFU/mL of coliform is regarded as the critical
limit in tender coconut water (FAO 2007).
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Sensory analysis of tender coconut water samples
during storage

The tender coconut water samples were also tested for
sensory scores for the same parameters similar to that for
standardizing honey concentration except for sweetness
which was replaced by taste as a sensory attribute and was
conducted by 10 semi trained panellist instead of 15 due to
constrains of processed samples amount. During the stor-
age studies the sensory analysis was carried out on day O,
31, 61, 91 and 116 of storage just after getting the data for
microbiological loads of the samples to ensure microbial
safety to before consumption.

Haemolytic activity

The haemolytic activity assay was performed as per the
protocol described by DasPurkayastha et al. (2014) briefly,
fresh goat blood collected from a slaughter house in a
centrifuge tube containing anticoagulant (3.2% trisodium
citrate) was centrifuged at 700x g for 15 min at 4 °C (Remi
C-30BL, India). The supernatant was discarded, and the red
blood corpuscles (RBCs) were collected and washed three
times with phosphate buffer saline (PBS, pH 7.4). A 10%
(v/v) suspension of RBCs in PBS was prepared, to 1.9 mL
of which 100 pL of sample was added and incubated for
1 h at 37 °C. Further, 1% Triton X-100 and PBS were
taken as positive and negative controls, respectively. After
incubation, the tubes were again centrifuged at 700x g for
15 min at 4 °C and the absorbance of the supernatant was
measured in a UV-Visible spectrophotometer (Cecil
Aquarious 7400, England) at 540 nm. The haemolytic
activity was tested for the samples on day 0, 86 and 115.
The percent haemolysis was calculated according to the
formula

Percent haemolysis (% )

(Sample OD — Negative control OD)

= x 100
Positive control OD

Statistics and Kkinetic studies

All experiments were carried out in triplicate except for
experiments pertaining to sensory data and Hunter colour
parameters where experiments were carried out with min-
imum of 10 readings and reported as mean =+ standard
deviation. Two factor factorial complete random design,
Duncan’s multiple range tests and paired comparison ¢ test
were carried out on the data and the level of significance
was tested at p < 0.05 using IBM SPSS Statistic version 20
software. The storage studies data of the samples were

subjected to kinetics studies by fitting zero order (Eq. 1)
and first order (Eq. 2) reaction kinetics.

P = Py + kot (l)
P = Poexp(kit) (2)

where P represents the parameter under study (pH, TSS,
total soluble sugars, total reducing sugar, soluble protein,
TA, FFA, antioxidant activity and phenolic content) at time
‘t’ and P, are the parameters under consideration at time
t =0, and kg and k; are rate constants for zero order and
first order reaction, respectively. The kinetic data was
carried out to understand how reaction rate varied in the
different samples during the storage study. Further co-ef-
ficient of determination (R%), and root mean square error
(RMSE) were estimated for suitability of fit. R? and RMSE
were calculated using Windows Microsoft Excel (2007)
package. RMSE was calculated as per the formula given
below

1
RMSE = lZZ(Pexp,i - PPI’L’J') ‘|

where P, ; and P 1 are the it experimental and pre-
dicted parameter respectively, ‘n’ is the number of obser-
vation. RMSE was calculated according to DasPurkayastha
et al. (2012).

Results and discussion

Characteristics of honey and selection of its
concentration in tender coconut water

The honey from Sohra was characterized as unifloral
orange honey based on pollen analysis and had a refractive
index of 1.4982 at 20 °C, moisture content of 15.4%, pH of
3.9, total acidity of 23.14 meq/kg, soluble protein content
of 1.7 g/kg, a carbohydrate content of 828.8 g/kg and
hydroxymethylfurfural content of 49.87 mg/kg. This data
is based on previous experimental results of our lab
(Mahnot et al. 2018). The sample was acceptable as per
codex standard (Codex Alimentarius 2001) for honey
quality based on its moisture content, total acidity as well
as hydroxymethylfurfural as a quality marker. The results
of sensory analysis of tender coconut water added with
different levels of Sohra honey to select the accept-
able level of addition are given in supplementary data file
(Table S1). The results suggested that sample with 5% w/v
of honey did not significantly change the overall accept-
ability of tender coconut water. At concentration above
5%, there was significant reduction in the flavour, color and
thereby overall acceptability of tender coconut water. Thus,
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honey at a 5% concentration level was selected for addition
in tender coconut water.

Changes in physicochemical properties
on refrigerated storage

Changes in pH

On storage the pH did not change significantly in any
sample under study although a decreasing trend was
observed. Statistical analysis showed a significant differ-
ence in the pH among the samples that were not microfil-
tered (TCW, TCWA, TCWH and TCWAH) while their
corresponding microfiltered samples did not show any
effect (Fig. 1a). A slight increase was noticed in microfil-
tered samples on day 115 of analysis. Thus, microfiltration
technique helped to keep the pH stable during storage.
Microfiltered samples on day 115 showed a rise in pH
which might be due to greater protein denaturation
(Mgaya-Kilima et al. 2014).

Changes in titratable acidity (TA)

The titratable acidity (TA) increased during storage in all
the samples under study as shown in Fig. 1b. The increase
in TA in non-microfiltered samples can be attributed to
production of free acids due to microbial growth (Das-
Purkayastha et al. 2012; Durrani et al. 2010). On the other
hand, the increase in TA in microfiltered samples might be
due to hydrolysis or conversion of polysaccharide with
time (Bhardwaj and Pandey 2011). The presence of addi-
tives significantly increased the TA by 35.8% as compared
to TCW due to the H + ions present in them and this also
decreased the pH. Microfiltration, on the other hand, did
not have any significant effect on TA changes. After a
gradual increase in microfiltered samples, TA had sta-
bilised after day 75 of storage and remained stable up to
day 115.

Changes in total soluble solids (TSS)

The change in TSS in the samples under study is shown in
Fig. Ic. The TSS content of tender coconut water was
5.20 + 0.50 °Brix whereas on addition of honey, it
increased to 8.4 + 0.80 °Brix. Microfiltration marginally
changed the °Brix values owing to minimal changes in
soluble components. Although there was no statistically
significant change during storage of the samples, a slight
decrease in the unfiltered samples was observed which can
be attributed to microbial activity during the storage
period.
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Changes in total simple sugars

The changes in total simple sugars during the storage study
of the samples are shown in Fig. 1d. Data on the initial day
of analysis suggests that microfiltration caused a reduction
of 13.4% as compared to non-microfiltered samples which
may be due to retention on the microfiltering membrane. In
comparison, Reddy et al. (2007) reported a 23% loss in
sugar on microfiltration. The addition of honey caused a
spike in total simple sugars in tender coconut water by
45.74%. The changes in total simple sugars during storage
of non-microfiltered samples viz. TCW, TCWA, TCWH
and TCWAH did not follow any order even though a
decreasing trend in the total sugar content was expected.
This might possibly be due to the presence of different sets
of microbes naturally present in the samples as well as their
uneven distribution during the bottle filling stage. In the
filtered samples a definite trend could be observed. An
increase in total soluble solids was noted in TCWF,
TCWFH and TCWFAH, while in TCWFA the content
remained more or less unaffected during the storage period
which might be due to the stability provided by the added
additives viz. citric acid and ascorbic acid. The nonspecific
trend in non-microfiltered samples could be due to variable
microbial activity in the samples.

Changes in total free fatty acids (FFA)

Figure le. shows that the FFA gradually increased in all
the samples during storage. On comparing the data for non-
microfiltered samples (TCW, TCWA, TCWH and
TCWAH) between day O and the last day of analysis i.e.
day 86, it was inferred that the presence of additives helped
in reducing the increase of FAA during storage. The
increase in FFA between zero and last day of storage in
TCW was 4.26 + 0.60 fold; for TCWA was 3.25 + 0.54
fold; for TCWH was 3.23 £+ 0.02 fold; and for TCWAH
was 3.51 £ 0.04 fold. Microfiltration affected the initial
FFA content in TCWF and TCWFA on day 0 as compared
to TCW and TCWA. There was an initial increase of
1.72 £+ 0.03 fold and 1.68 + 0.12 fold in TCWFH and
TCWFAH, respectively as compared to the corresponding
unfiltered samples (TCWH and TCWAH). This might be
due to the longer processing time taken for microfiltration
with the addition of honey. The extent of increase in FFA
in microfiltered samples was less as compared to non-mi-
crofiltered samples. The increase in FFA on day O and day
115 in TCWF was 3.95 & 0.45 fold; in TCWFA was
2.86 £ 0.32 fold; in TCWFH was 1.84 + 0.16 fold; and in
TCWFAH was 1.79 % 0.14 fold. Thus use of ascorbic acid
and citric acid as additives in tender coconut water was
found to be effective in reducing the FFA generation dur-
ing storage.
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pH

Total simple sugars (g x100 mL™")

Fig. 1 Comparative changes in physiochemical analysis of storage
data of the non-microfiltered and microfiltered samples a pH,
b titratable acidity, ¢ Total soluble solids, d total simple sugars,
e free fatty acid, f total reducing sugars. Different letters (a, b, c..

The higher increase in FFA in unfiltered samples might
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data corresponding to a particular day of analysis states significant
change between the different samples at p < 0.05 using Duncan’s

samples it was observed that there was a slower increase in
FFA till 45 days of storage but after that there was an
abrupt increase in FFA which might be due to the changes
in headspace environment on prolonged storage.
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Total reducing sugars

The changes in total reducing sugars in the non-microfil-
tered and microfiltered samples are shown in Fig. 1f. It was
observed that in unfiltered samples (TCW, TCWA, TCWH,
and TCWAH) there was a variable change in reducing
sugar content which might be due to differences in the kind
of microbial activity. However, as compared to the level at
day O there was a significant increase on the final day of
analysis for unfiltered samples. On analysing the effect of
additives i.e. citric acid, ascorbic acid and honey it was
observed that they caused an increase in the reducing sugar
content for unfiltered samples. Addition of honey increased
the reducing sugars by 58.4%. Microfiltration, on the other
hand caused an overall 21.5% reduction in total reducing
sugars. On comparison of the micro-filtered samples, it was
observed that when only citric acid and ascorbic were
added together the extent of increase in the reducing sugar
content was reduced. Honey alone caused an increase in
the reducing sugar content on storage but in samples hav-
ing honey, citric acid and ascorbic acid the extent of
increase in reducing sugar was reduced. The increase in
reducing sugars is attributed to the presence of natural
enzyme like invertase in coconut water (Rosario et al.
1979) as well as in honey (Sporns 1992). Presence of
sucrose neutral invertase (SNI) activity in the studied
samples (Fig. 3c) caused an increase in the reducing sugar
content in all the samples. Similar increase in reducing
sugar content due to SNI has been reported by Mao et al.
(2007) in their studies conducted on sugarcane juice.

Changes in soluble protein

Figure 2a shows the changes in soluble protein in the
samples under study. A loss of 13.06% of soluble protein
was noted in the microfiltered samples as compared to non-
microfiltered samples. Addition of honey caused 22%
increase of soluble protein in samples as compared to
samples without added honey. A decrease in protein con-
tent was observed with storage time in all the samples
although an initial rise on addition of honey was observed.
A significant decrease in protein was observed on micro-
filtration in all the samples compared to unfiltered samples
initially which might be due to retention on the microfil-
tering membranes. Microfiltration and additives were
observed to delay the degradation process. The decrease in
content might be due to oxidation of proteins by lipid
degradation products like peroxides (Davies 2016), due to
interaction of proteins with phenolic compounds (Cheynier
2005), and also due to hydrolysis of protein during storage
(Kulkarni and Aradhya 2005).
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DPPH radical scavenging activity

Figure 2b shows the changes in antioxidant activity of the
samples under study. TCW had a low antioxidant activity of
6.18 £ 2.0%. As expected, samples with ascorbic acid and
honey (TCWA, TCWH, TCWFA and TCWFH) exhibited
higher DPPH scavenging activity than TCW. The antioxi-
dant activities of the non-microfiltered samples were:
TCWA 5271 &+ 3.41%; TCWH 8.77 +£2.23% and
TCWAH 47.52 4+ 2.24%. Further microfiltration did not
significantly cause changes in antioxidant activity and the
corresponding values of the microfiltered samples were:
TCWF 7.71 £ 2.00%; TCWFA 51.56 + 5.50%; TCWFH
9.18 £+ 2.10%; and TCWFAH 45.49 & 3.21%. There was
no significant difference between TCWAH and TCWFAH as
compared to samples without honey ie. TCWA and
TCWFA. During the storage period no significant changes
were observed in antioxidant activity of TCW, TCWH,
TCWF and TCWFA. In TCWA and TCWAH, an irregular
change in antioxidant activity was observed which could be
attributed to the growth of microbes. The microbial fer-
mentation might have cause the release of molecules which
have good antioxidant properties like peptides, amino acids
or due to release of some bound phenolics and further fer-
mentation and storage period could have caused hydrolysis
of the generated peptides or conversion of phenolics causing
lowering in antioxidant activity (Porto et al. 2017; Chen et al.
2018) or degradation of ascorbic acid which might have also
effected the lowering of antioxidant activity. In the micro-
filtered TCWA, TCWAH samples, a steady decline in the
antioxidant activity was observed. Also the antioxidant
activity in sample TCWFAH was more stable than that of
TCWA which might be due to presence of phenolic com-
pounds from honey.

Changes in phenolic content

The changes in phenolic content in the samples are shown
in Fig. 2c. The data shows that the total phenols show a
gradual pattern in decrease during storage in the microfil-
tered samples TCWF, TCWFA, TCWFH and TCWFAH. A
similar decrease in the phenolic content during storage
have been also noticed in other clarified juices using
microfiltration like banana and pineapple juices (Lee et al.
2007; Laorko et al. 2013) While an irregular pattern was
observed for non microfiltered samples which probably
might be due to microbial activity causing release of bound
phenolics causing an initial increase such results have also
been demonstrated in fermentation of grape juice (Khanniri
et al. 2018) while further microbial activity lowered the
phenolic content except for TCW where the phenolic
content increased on the last day of analysis i.e. day 88.
The phenolic content (Fig. 2¢) could be related to the total
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processed tender coconut water samples during storage. Different

antioxidant activity (Fig. 2b) of TCWA and TCWH sam-  during storage. The L values for the sample showed a
ples as both followed the same pattern.

Hunter Lab parameters

gradual increasing trend with time in both microfiltered and
unfiltered samples but the change was not significant. An
initial increase in the non-microfiltered samples was noted
which might be due to turbidity in the samples caused by

Figure 2d, e and f respectively shows the changes in  microbial growth. The addition of citric acid, ascorbic acid
Hunter color L, a, b values for the samples under study  and honey did not have a significant effect on the changes
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in L values. Very slight changes occurred in the Hunter
a values during storage period of the microfiltered as well
as unfiltered samples. In the unfiltered sample the addition
of citric acid and ascorbic acid did not significantly induce
any changes while addition of honey slightly increased the
a values suggesting a slight redness in samples. In micro-
filtered samples TCWFA and TCWFAH the a values
remained in the negative region possibly due to degrada-
tion of ascorbic acid during storage which is also supposed
to cause color changes due to non-enzymatic browning
reaction (Li et al. 2016) thereby shifting more towards the
green region while samples TCWF and TCWFH the a
values did not show a significant change during storage and
remained in the positive region i.e. towards the red region.
A gradual decrease in the Hunter b values was noted for all
the samples during storage. The colour data suggested that
colour of tender coconut water is preserved better without
the addition of ascorbic acid and citric acid.

Polyphenol oxidase (PPO), peroxidase (PO) and sucrose
neutral invertase (SNI) activities

Figure 3a—c, respectively depicts the activity of polyphenol
oxidase (PPO), peroxidase (PO) and sucrose neutral
invertase (SNI) during the period of study. A significant
decrease in PPO activity was observed in samples where
additives viz. citric acid, ascorbic acid and honey were
added. On comparing TCW and TCWEF, it is evident that
microfiltration was able to reduce PPO activity possibly

due to retaining of enzymes on the membrane evident from
the loss of proteins on microfiltration. With increase stor-
age period higher PPO activity was noticed in unfiltered
samples viz. TCW, TCWH and TCWAH which can be
attributed due to residual oxygen present in the bottles
while further microbial growth caused utilization of all the
oxygen in the bottle causing lowered PPO activity. While
in unfiltered samples TCWA degradation of ascorbic acid
might have caused an increase in PPO activity during
storage. In the microfiltered sample viz. TCWF and
TCWFH, initially the PPO activity was not detected but
with time the activity increased probably due to changes in
the headspace environment. In TCWFA and TCWFAH,
citric acid and ascorbic acid controlled the PPO activity.
Citric acid and ascorbic acid also controlled the PO activity
in TCWA, TCWAH, TCWFA and TCWFAH. Similar
results of lowering of PPO and PO activity on addition of
ascorbic acid and citric acid has been reported for coconut
water as well as sugarcane juice processing (Das-
Purkayastha et al. 2012; Mao et al. 2007). On the other
hand microfiltration and honey addition did not have any
effect on the activity of peroxidase enzyme but citric acid
and ascorbic acid addition were able to reduce the activity
of the enzymes. SNI activity did not change much during
the storage study in TCW. Even microfiltration as well as
the addition of additives viz. ascorbic acid, citric acid and
honey did not significantly affect SNI activity. This can be
related to the increase in reducing sugar during storage
(Fig. 1f) Mao et al. (2007) observed reduction in SNI
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Fig. 3 Monitoring activity of enzymes a Polyphenol oxidase,

b Peroxidase and ¢ Sucrose neutral invertase activity during storage
of non-microfiltered and microfiltered tender coconut water samples
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activity in sugarcane juice on addition of ascorbic acid but
in the current study the concentration of ascorbic acid used
was not sufficient enough to cause change in the SNI
activity.

Microbial analysis

Microbial load of non- microfiltered samples increased
with storage (Table 1). Taking into consideration the
microbial quality criteria (FAO 2007), all the unfiltered
samples (TCW, TCWA, TCWH and TCWAH) were at par
with the quality standards for 30 days. The total coliform
count exceeded 10 CFU/mL but the total plate count was
well below 5000 CFU/mL till day 75 of storage. No further
analysis was carried out beyond day 75 of storage. In the
microfiltered samples, no microbial count was detected
both on the total plate count agar as well as on coliform
plates till day 190 of storage (period of storage study). Thus
microfiltration of the samples under study did help in
obtaining microbe free products ensuring its quality and
proved to be an effective processing technique.

Sensory analysis

The data of sensory analysis of tender coconut water
samples during storage (Table 2) shows an overall decrease
in sensory scores. No significant changes in sensory scores
for unfiltered samples (TCW, TCWA, TCWH and
TCWAH) as compared to microfiltered sample (TCWF,
TCWAF, TCWFH, TCWFAH) on day 0. The unfiltered
samples underwent significant loss (based on paired sample
t-test) in sensory scores on day 31 as compared to day O
owing to microbial growth. As the total coliform count
exceeded 10 CFU/mL (Table 1), the sensory experiments
were not carried out for unfiltered samples after 31 days of
storage. No significant difference in sensory scores was
observed among the microfiltered samples while the stor-
age time had a significant effect on the sensory scores.

TCWF did not have a significant decrease in aroma, taste
and color at the end of day 61 but a significant change in
overall acceptability was observed for the same storage
time with further loss in sensory score till the end of day
116 making it unacceptable. Similar was the case with
TCWFA, TCWFH and TCWFAH. The colour on the other
hand for the microfiltered samples did change significantly
though not drastic i.e. the colour of the samples were still
accepted by the panelist even at the end of day 116. The
data suggested that the sensory properties of the microfil-
tered samples were acceptable up to day 91 of storage.

Haemolysis

Tender coconut water is supposed to be sterile and has been
used in remote locations or during armed conflicts as a
short-term intravenous hydration fluid (Campbell-Falck
et al. 2000). Thus, measuring the haemolytic activity of the
processed tender coconut water samples seemed important.
Figure 4 shows the haemolytic activity of the samples on
day 0, 86 and 115 of storage. The results suggested that
both microfiltered and non-microfiltered tender coconut
water did not have any haemolytic effect initially even with
the addition of honey, citric acid and ascorbic acid. TCW,
TCWA, TCWH and TCWAH on day 86 showed an
increase in haemolytic activity which might be attributed to
the presence of microbes causing chemical changes to the
samples and formation of toxic compounds. In comparison,
TCWF, TCWFA, TCWFH and TCWFAH did not show
any significant haemolytic activity after day 115 of storage.
Thus it could be inferred that processing conditions and
storage of microfiltered samples did not cause toxicity.

Statistics
A two factor factorial complete random design was carried

out on the data pertaining to non-microfiltered and micro-
filtered samples with and without honey and additives. It

Table 1 Total plate counts and total coliform counts in non microfiltered tender coconut water samples during the storage period

Storage (days) Total plate count (CFU/mL)

Total coliforms (CFU/mL)

TCW TCWA TCWH TCWAH TCW TCWA TCWH TCWAH
0 48 + 4.0° 40 + 8.0° 38 + 6° 43 £ 5° ND ND ND ND
15 72 + 6.0° 53 + 7.0° 44 + 2° 68 + 4° ND ND ND ND
30 97 + 9.0° 86 & 2.0° 67 + 7° 91 + ¢° ND ND ND ND
45 126 + 11¢ 118 + 12¢ 121 + 9¢ 145 + 16¢ 13 =+ 3¢ 94 1¢ 17 + 2¢ 22 + 3¢
60 168 + 12° 144 + 18° 159 + 11° 174 + §° 22 +6° 20 + 4° 31 +£2° 39+ 7°
75 193 + 17° 182 + 22f 194 + 19 211 + 24 52 £ 9° 45 £ 5° 67 + 8" 74 + 8¢

Different letters (a, b, c...) in the column suggests significant difference at p < 0.05significance level at different days of storage using Duncan’s

multiple range tests
ND indicates below detection limit i.e. non detectable
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was observed that among the parameters studied, filtration
significantly (p < 0.05) affected the changes in total sol-
uble sugars, total soluble solids, free fatty acids, reducing
sugars, total soluble protein, total phenolics and Hunter
a and b values. Further, it was also observed that the
addition of honey and additives led to significant (p
< 0.05) changes in pH, total titratable acidity, total soluble
solids, reducing sugars, antioxidant activity, total phenolics
content and Hunter L, a and b values. The activities of
enzymes PO and PPO changed significantly (p < 0.05) for
both factors, i.e., filtration as well as addition of honey and
additives. On the other hand, no significant (p > 0.05)
changes in SNI activity were observed for both filtration
and addition of honey and additives. Statistical data are
given as Supplementary data.

Kinetic analysis

Mathematical analysis of the data as shown in supple-
mentary data (Table S2) suggests that changes in TA, FFA
and reducing sugars followed a zero order reaction while
total soluble solids, protein and antioxidant followed a first
order reaction during storage due to better coefficient of
determination and RMSE values. (Supplementary data 2).
In microfiltered samples, honey alone or in combination
with ascorbic and citric acid was able to reduce the rate
constants in the microfiltered samples for changes in TA,
FFA, total soluble solids and antioxidant activity. Addition
of additives increased the rate for changes in reducing
sugar. Addition of ascorbic acid and citric acid reduced the

reaction rates for soluble protein changes while honey
caused an increase. Further the kinetic data was inconclu-
sive to ascertain reaction order for changes in pH and
soluble sugars probably due to insufficient changes. Even
though changes in phenolic content could not be ascer-
tained probably because of very large RMSE value, first
order reaction was apparent. Rate of change was difficult to
ascertain in non-microfiltered samples due to variable
microbial activity and reactions orders.

Conclusion

In conclusion, the current study proved that microfiltration
along with addition of additives, honey and packaging in
glass bottles in nitrogen flushed atmosphere helped in
obtaining a sterile product from tender coconut water up to
day 90 of refrigerated storage. The supplements ascorbic
acid (180 mg/L), citric acid (200 mg/L) and honey (5%)
were were the effective additives. Microfiltration caused
minimal impact on the physicochemical properties of the
different samples while addition of orange honey caused an
increase in soluble protein in tender coconut water. The
microfiltered products were sterile for a period of 190 days
with no haemolytic activity after packaging during storage.
The addition citric acid and ascorbic acid showed to pro-
vide stability and effectively reduced browning enzyme
activity thereby increased shelf life. Also addition of
orange honey had a sweetening effect and was accept-
able to the panel members. The microfiltered samples had a
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shelf life of 115 days but was acceptable for sensory
properties till day 91 of refrigerated storage. Honey alone
or with acids helped to maintain antioxidant activity during
storage. Sensory attributes are important for a mar-
ketable product and additional research on externally added
flavour delivery strategies may be helpful for further
enhancing shelf life along with acceptable sensory
properties.
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