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The effect of ultraviolet (UV-C) treatment on enzymes (viz. Polyphenol oxidase and
Peroxidase) and nutritional properties (viz. Ascorbic acid, Antioxidant activity and Total
phenolic content) of tender coconut water (Cocos nucifera) were studied during this
research work. The process conditions for ultraviolet treatment were sample thickness (1,
2, 3 mm), treatment time (30, 60, 90 min) and distance of sample from lamp source (8.6,
13.7, 18.6 cm).The results obtained from this study showed that the UV- C treatment
conditions had significant effect (p< 0.0001) on ascorbic acid, total phenolic content,
antioxidant capacity, PPO and POD of TCW. The maximum inactivation of PPO was
achieved to be 51.5% in ultraviolet treatment, and the maximum inactivation of POD in
ultraviolet treatment was65.7%. The obtained results evident, that the PPO was most
resistant enzyme to UV light. Further, the results were compared with the thermal
treatment of tender coconut water which is conducted as a part of this experiment and
observed that, maximum inactivation of PPO and POD was achieved in thermal treatment
than ultraviolet treatment. In contrast, the deterioration of nutritional properties in thermal
treatment was high as compared to ultraviolet treatment. The obtained results suggested
that, although the thermal treatment was better processing option pertaining to enzyme
inactivation, but ultraviolet treatment was found superior based on retention of nutritional
attributes.

Introduction

Coconut (Cocos nucifera L.) is perennial plant
that flowers year round and belongs to the
family of the ‘“Arecaceae”. Coconut is
important fruit tree that provides food for
millions of peoples and with its many uses it
is popularly known as “Tree of Life” (Chan et
al., 2006).

The edible part of coconut fruit (coconut meat
and water) is the endosperm tissue.
Endosperm tissue undergoes one of three
main modes of development namely nuclear,

cellular, helobial (Lopes et al., 1993). Inside
each coconut’s outer shell is a white meaty
layer, and inside that is the central cavity
(Gabriel, 2009). This central cavity is coated
with a jelly-like substance. This jelly is
translucent and very soft when the coconut is
young (Jackson et al., 2004). The cavity is
filled up with a liquid endosperm, which is
cytoplasmic in origin (Yong et al., 2009).
This cavity can be filled with up to 600ml of
liquid (Chowdhury et al., 2005). Yong et al.,
(2009) stated that the liquid part of the
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coconut’s endosperm is the coconut water
(CW) or coconut juice.

Coconut water is a sweet clear liquid, filled in
nut when the nut is 5 to 6 months old.
Coconut water is tropical fruit juice, highly
valued and consumed in tropical areas since it
is tasty and has desirable nutritional and
therapeutic ~ properties.  Indonesia, the
Philippines, and India are the largest
producers of coconut in the world. Coconut
water has been called the “fluid of life” due to
its medicinal benefits such as oral
rehydration, treatment of childhood diarrhea,
gastroenteritis and cholera (Kuberski, 1980;
Carpenter and others 1964). It is high in
electrolyte content and has been reported as
an isotonic beverage due to its balanced
electrolytes like sodium and potassium that
help restore losses of electrolytes through skin
and urinary pathways. Coconut water was
claimed as a natural contender in the sports
drink market with its delicate aroma, taste and
nutritional characteristics together with the
functional characteristics required in a sports
drink [Food and Agricultural Organization
(FAO) 2005].

Generally, the tender coconut water present
inside the fruit is shelf sterile and stable for
few days (Yong et al., 2009), but shelf life of
extracted tender coconut water is very less.
The spoilage of extracted TCW mainly due to
the presence of enzymes, belonging to
oxidase family (Polyphenol oxidase and
Peroxidase), that in contact with atmospheric
oxygen. The oxidative enzymes have high
thermal resistance and their activity leads to
yellow, brown or even pink colouring during
storage, even under refrigeration.

Polyphenol oxidase (PPO) and Peroxidase
(POD) are widely detected in many fruits and
vegetables and are closely linked to
enzymatic color changes with consequently
loose on sensorial properties (Campos et al.,

1996). According to some food technologists,
Polyphenol oxidase is indirectly responsible
for fruit and vegetables enzymatic browning,
it catalyzes two types of oxidative reactions.
Such as hydroxylation of monophenols to o-
diphenols, and the oxidation of this last one
colorless compound to highly colored o-
quinones.

Presently thermal treatment is most
commonly applied for inactivating enzymes
in coconut water. But the thermal treatment
leads to destruction of heat sensitive nutrients
which restricts its application for processing
of coconut water. Besides the loss of
nutrients, it also shows a detrimental effect on
color and flavor.

Alternative methods are high pressure
application, pulsed electric field, irradiation,
and aseptic packaging. However, there are
some disadvantages of these techniques in
terms of cost, loss of ascorbic and some other
quality attributes.

Considering these limitations of other
techniques, UV-Cradiation can be used as an
alternative method for processing and
preservation of TCW. This process does not
produce chemical residues (Canitez, 2002).
Besides, it is a low-cost operation and
effective against many microorganisms
(Bintsis et al., 2000) and enzymes.

UV Light is the part of electromagnetic
spectrum with wave lengths ranges from 100 -
400 nm. UV light is traditionally subdivided
into three categories (viz. UV-A, UV-B and
UV-C). UV-C is used for surface disinfection
of different fruits and other processing
equipment. Application of UV light on
various liquid foods like apple cider, orange
juice, grape juice, milk and honey have been
reported recently. Germicidal properties UV-
C is due to the absorption of the UV-light by
DNA, which causes formation of thymine
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dimer in the same DNA strand (Miller et al.,
1999). Due to this, the DNA transcription and
replication is blocked, which compromises
cellular functions and leads to cell death
(Miller et al., 1999). The penetration depth of
UV light in coconut water is more because of
the UV absorption coefficient of coconut
water is less, thus it facilitates UV rays to
pass through it.

By considering all above factors, the present
study was aimed to study the effect of UV-C
treatment on enzymes and nutritional
properties of tender coconut water.

Materials and Methods

Procurement of Tender Coconut Water
(TCW)

6-8 months matured tender coconut fruits of
approximately same size contained coconut
flesh (jelly like) less than 2 mm and without
any visible damage on outside were
purchased from local market at 1T
Kharagpur. Surface of coconut husk was
properly cleaned with distilled water followed
by 1% sodium hypochlorite sanitize solution
(Walter et al., 2009). After, the coconuts were
placed in laminar flow UV light chamber for
30 min to make coconuts free from surface
contamination.

Tender coconut water was manually extracted
from coconut fruit using free washed and
sanitized sharp stainless steel, and filtered
through muslin cloth. The filtered TCW
obtained from several fruits (4-5 coconut
fruits having same maturity level) was mixed
in a glass beaker.

The mixed TCW was filled and packed in
LDPE (low density polyethylene) pouches
and immediately stored at -18 "C before use.
Whole TCW extracted from fruit was
processed on the same day of extraction.

Chemicals and reagents

All the chemicals and reagents used in the
study were analytical grade and procured
from Merck, India and Sigma-Aldrich,
Germany.

UV-C treatment of tender coconut water

The tender coconut water was processed
using batch type UV-C apparatus designed
and fabricated at 11T Kharagpur with proper
development. The system was designed such
a way that, the distance of sample from lamp
source can be varied. Three 18 W low
pressure mercury vapor UV lamp which emits
the UV-C light continuously in the wave
length ranges from 200-300 nm were
mounted at the top of treatment chamber.
Time of UV-C exposure was controlled using
a manually operated control switch.

Measured quantity of TCW was poured in
150 mm standard size petri plates and placed
at the center of holder platform (used for
maintain different distances between sample
and lamp source). Different thickness of
sample was maintained by changing the
quantity of sample in petri plates. To prevent
the exposure of UV light to human skin, a
cover was placed in front of the system.

Experimental design

Full factorial design with 3 replications was
followed throughout the experiment. The
independent variables viz. Treatment time (t —
15, 30,45,60,75 and 90 min), Distance from
lamp source (H — 8.6, 13.7, 18.6 cm) and
Sample thickness (x — 1, 2, 3 cm) were
selected with three levels of each of
independent variables and their combinations
had been investigated for each attribute. After
each experiment, PPO, POD activity and
nutritional properties (Viz. Ascorbic acid,
Total phenols and antioxidant activity) were

2907



Int.J.Curr.Microbiol.App.Sci (2017) 6(5): 2905-2918

analyzed to know the effect of treatment on
its.

Enzyme activity measurement

Polyphenol oxidase (PPO) was determined
according to the method proposed by Tan et
al., (2014) with slight modifications. Prepare
0.2 M Sodium phosphate buffer of pH 6
[2.745 g of sodium dihydrogen phosphate di-
hydrate (NaH,PO, 2H,0) and 0.427 g of
disodium hydrogen phosphate di-hydrate
(NagHPO,4 2H,0) was mixed in 100 ml of
double distilled water]. 0.2M Pyrocatechol
solution (0.2 M) was used as phenol substrate
[0.55 g of pyrocatechol in 25ml 0.2 M
Sodium phosphate buffer of pH 6]. A volume
of 5.5 ml of buffer and 1.5 ml of 0.2 M
pyrocatechol were added into a test tube. The
test tube was then immersed in a control
temperature water bath at 25°C for 2 min for
thermal stabilization. Then add 2ml of
coconut water mix properly and measure the
change in absorbance at 420 nm using UV-
1700 UV Visible spectrophotometer with
respect to the blank solution consist of 7.5ml
buffer and 1.5 ml 0.2 M pyrocatechol.

Peroxidase (POD) was Determined according
to the method proposed by Augusto et al.,
(2015) with slight modifications. 5% (w/v)
pyrogallol solutions were used as phenol
substrate. In each assay 0.32 ml of 5%
pyrogallol solution, 2.36 ml buffer and 0.16ml
coconut water were mixed in a cuvette. Then
0.16 ml of 0.5% H,0O, added to this mixture
(reaction will start after adding H,O;). The
changes in absorbance was measured at 420
nm with respect to the blank solution
contained 0.32 ml 5% pyrogallol, 2.52 ml
buffer and 0.16 ml 0.5% H,0,.

For both the enzymes, the absorbance was
measured at every 5sec interval for 15min.
then slope of the absorbance curve drawn
against time will gives the enzyme activity of
coconut water. The enzyme activity was

expressed in U.ml™ min™® (ug of protein)™.
The relative activity (Ar) can be calculated
by using equation 1.

Relative Activity (A) = () x 100.......... 1
Where ‘A’ is the enzyme activity of processed

coconut water. And ‘A’ is the initial enzyme
activity of unprocessed coconut water.

Measurement of Bioactive Components of
Tender Coconut water

Measurement of ascorbic acid (AA)

Ascorbic acid (AA) content of TCW was
determined by spectrophotometric method
based on its ability to decolorize 2, 6-
dichlorophenol-indophenol  dye  solution
proposed by Ranganna (1991). Briefly, take 1
mL of sample and make up to 5SmL with 2%
Metaphosphoric acid (HPOj3) solution. Then
mix with 10 mL dye solution and measure the
absorbance at 518 nm using UV-visible
spectrophotometer against blank (contains 5
ml 2% HPO; +10 mL distilled water).
Interference  was avoided by rapid
determination and the corresponding AA
content was obtained from a standard curve
drawn for pure L-ascorbic acid (Sigma-
Aldrich) solution (Egn. 2) which varied
within 0.2to 1 g-L™,

Standard AA conc. (mg.mL™) = 0.783 x
(absorbance) (2)

AA of coconut water (mg.mL™1) =

standard AA concentration * final make up volume

Vol.of sample taken

Total phenols by Folin-Ciocalteu reagent
(FCR) assay

The methanolic extract of coconut water was
used for analysis of total phenols and
antioxidant capacity. It was prepared by
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shaking a solution of 5 mL coconut water
with 25 mL 80% methanol in distilled water
for 3h at ambient temperature (27 £ 1 °C).

Total phenol content was determined using
the Folin-Ciocalteu reagent (FCR) assay
according to the method of Singleton et al.,
(1999) with slight modifications as described
by Wijngaard and Brunton (2010). The blue
color was developed using a Folin—Ciocalteu
reagent (FCR) in an alkaline medium (20%
sodium carbonate) over 90 minutes and its
absorbance was measured at 750 nm in a UV-
visible spectrophotometer (Model: UV1700;
Make: Shimadzu, Japan). Gallic acid was
taken as standard for the phenolic and total
phenolic content was expressed in Gallic acid
equivalent.

Standard Phenolic conc. (GAE in mg.mL™) =
0.2437 x (absorbance) 4)

phenolic concentration of coconut water (GAE in mg.mL™!) =
standard phenolic concentration* volume made up a9

vol.of methanolic extract taken for estimation * Vol.of sample taken extraction

Antioxidant activity by 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) assay

The antioxidant activity of the extract was
measured in terms of its DPPH radical
scavenging ability. It represents the ability of
the food product to resist oxidation. The
advantage of the DPPH method is that free
radicals are allowed to react with the whole
sample and the relatively longer time given in
the method allows the free radical to react
slowly even with weak antioxidants (Kedare
and Singh, 2011). Methanolic extract of
coconut water was used for the analysis of
DPPH free radical scavenging activity and it
was prepared as described for total phenol
content. The DPPH assay was carried out
according to the procedure of Goupy et al.,
(1999) with slight modifications as described
by Wijngaard and Brunton (2010). The

change in color of the DPPH solution from
purple to yellow, resulting from the addition
of different quantities of methanolic extract of
coconut water or gallic acid (GA) standard
(20 to 200 pL) was measured at 517 nm after
allowing the solution to stand in the dark for
30 min. The decrease in absorbance of DPPH
after 30 min was calculated and expressed as
mg of GA equivalents antioxidant capacity
(GAEAC) per 100 mL of the sample using the
formula given in Eq. (3.9)

AAbsg,, v
GAEAC = ——28 5 ¢ (ﬁ) 100 (39)

AAbs,,

Where,

AAbsample IS the change of absorbance after
addition of coconut water extract

Cca IS the concentration of GA standard
solution (0.02 mg/mL);

AAbsga is the change of absorbance obtained
from a calibration curve when the same
volume GA standard solution as that of
coconut water extract was added;

V is the final make up volume of extract; and
W is the volume of sample used for extraction
Data Analysis

Analysis of variance (ANOVA) test was
conducted using Design expert version 7.0.0
software (State-Ease Inc., Minneapolis, USA)
to evaluate the significance (at 95%
confidence level) of the effect of independent
variables and their interactions on the
responses.

A full factorial design was used to estimate
the effect of independent variables (Treatment
time, sample thickness and distance sample
from lamp source) on responses (PPO, POD,
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Ascorbic acid, Total phenolic content and
Antioxidant activity).

Optimization of process parameters

RSM was applied to the experimental data
using Design expert version 7.0.0 software
(State-Ease Inc., Minneapolis, USA). The
critical responses were screened out based on
the effect and importance of responses. The
optimization was targeted for maximum
inactivation of PPO, POD and minimal
changes in nutritional properties of TCW.

Results and Discussion
Compositions of raw tender coconut water

The nutritional properties and enzyme activity
of TCW were analyzed before treatment. The
compositions of TCW varied from fruit to
fruit depending upon variety and maturity of
fruit (Jackson et al., 2004. Hahn et al., 2012.
& Tan et al., 2014). Although there was
important  initial  difference exists in
physicochemical properties of TCW between
different verities of fruit. But for comparison
these parameters kept as constant for whole
experiment. The compositions of fresh TCW
were measured and presented in table 1.

Effect of UV Light Treatment on Bioactive
Components of Tender Coconut Water

Effect on ascorbic acid (AA)

The % loss in ascorbic acid content in TCW
after UV light treatment at different
conditions  with  respect to  control
(unprocessed tender coconut water) were
presented in figure 1 (a-c).

Ascorbic acid is a heat-sensitive bioactive
compound that plays a vital role in human
health and can act as an antioxidant. The AA
content of TCW was found to be in the range

of 2.7 to 3.1 mg/100 mL. The obtained values
of AA are found to be slightly higher than the
values reported by molecules et al., 2009. The
slight variation in AA might be due to the
maturity and variety of TCW (Jackson et al.,
2004). From ANOVA data it was showing
that the ultraviolet treatment conditions had
significant (p<0.0001) effect on ascorbic acid
content in TCW. The ultraviolet treatments at
different distances such as 8.6, 13.7 and 18.6
cm were showed slight changes in % loss of
ascorbic acid at different time intervals (0.0-
90.0 min). Further, at different thickness
levels viz.,, 1, 2 and 3 mm at a particular
distance and time interval for example 8.6 cm
at 90 min showed negligible changes in %
loss of ascorbic acid. The reason for such kind
alternations with thickness and distance were
not understood but largely attributed to the
fact that the alteration of thickness might
causes the penetration of UV light through the
sample whereas alterations of distance not
showed much effect. The sample which is
nearer to the lamp source and having less
thickness will receive more energy (Bolton,
1999). The maximum loss (2.96 %) of A.A
was observed at 8.6 cm sample distance, 1
mm thickness and 90 min treatment time. The
results show that the loss of A.A increases
with treatment time. The loss of Ascorbic acid
may be due to heating affects with increasing
processing time, which results in degradation
of ascorbic acid in an aerobic pathway due to
its heat-sensitive characteristic in the presence
of oxygen. In addition to this, the depletion of
ascorbic acid may be due to the formation of
free hydroxyl radicals by photochemical
reaction, related to oxidative processes. The
similar results were reported by Goh et al.,
(2012). So far there is no review available to
compare the loss of A.A value of TCW after
ultraviolet treatment. However, similar kinds
of studies related to the UV-C effect in other
commodities were reported recently (Pala et
al., 2013; Tiwari et al., 2009; Alothman et al.,
2009(b)).
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Effect on total phenolic content (TPC)

The total phenolic content values of UV light
processed TCW at different treatment
conditions were presented in figure 2 (a-c).

Phenolic  compounds  are  beneficial
compounds mainly found in fruits and
vegetables. They have been implicated in the
reduction of degenerative diseases in human
beings primarily because of their antioxidant
potential.

The TPC of coconut water was found to be in
the range of 6.2 to 7.6 mg of GAE/L. The
obtained values of TPC were found to be
slightly higher than the values reported by
Tan et al., (2014).

The slight variation in TPC might be due to
the maturity and variety of TCW (Jackson et
al., 2004). From ANOVA data it was showing
that the ultraviolet treatment conditions had
significant (p<0.0001) effect on total phenolic
content in TCW.

The ultraviolet treatments at different
distances such as 8.6, 13.7 and 18.6 cm were
showed slight increases in total phenolic
content at different time intervals (0.0-90.0
min). Further, at different thickness levels
viz., 1, 2 and 3 mm at a particular distance
and time interval for example 8.6 cm at 90
min showed negligible changes total phenolic
content of TCW.

The reason for such kind alternations with
thickness and distance were not understood
but largely attributed to the fact that the
alteration of thickness might causes the
penetration of UV light through the sample
whereas alterations of distance not showed
much effect. The sample which is nearer to
the lamp source and having less thickness will
receive more energy (Bolton et al., 1999).
Application of UV can either enhance or

decrease the antioxidants, which are entirely
dependent on the exposure time, delivered
dose, solvents used and the basic raw
material.

In this study, methanol was used as an
extracting solvent as it has been shown to
exhibit potentially high antioxidant activities
(Ndhlala et al., 2008).

Different behavior of TPC content was
reported by different authors in literature. For
example, Noci et al., (2008) found a
significant decrease in total phenol content of
apple juice after UV-C treatment. On the
other hand, Caminiti et al., (2012) reported
that there were no significant changes in total
phenol content of apple juice exposed to UV-
C light.

Moreover, Pala et al., (2011a) reported that
there were no significant changes in total
phenol content of pomegranate juice
subjected to UV-C light.

Effect on antioxidant capacity

The GAE Antioxidant capacity of coconut
water values after UV light and thermal
treatment at different conditions were
presented in figure 3 (a-c).

The GAE Antioxidant capacity of coconut
water was found to be in the range of 0.75 to
0.82 mg of GAEAA/L. From ANOVA data it
was showing that there was slight increase in
Antioxidant capacity of TCW after UV
treatment.

The stress response induced by UV-C
processing may increase extraction of
antioxidant compounds. On other hand the
thermal treatment causes the reduction in
antioxidant capacity in TCW. The increase in
antioxidant activity after ultraviolet treatment
was reported by Bhat et al., (2011).

2911



Treatment Time (min)

84

Treatment Time (min)

Int.J.Curr.Microbiol.App.Sci (2017) 6(5): 2905-2918
T T T 6 6
ES)1 % ! L '
(a) B2 ] ( ) RN ; mm | ( )
3 b o c
5 - 5 - gl
=] Pt — = -
8 5 2
o «a 7 ) © 1 1
2 B8 3 2
S 34 41 2 34 e
0928 § i 1
s 55 § 2+ i e i
3 ::::: 3 OO g
8 £S5 o 7 :.o:o:o E 4 4 — ]
B2 =y 2505054 =1 sreses:
Pedels 14 pLelels - 14 5050 -
5% N 2
5 1 %»:o:':o ; 1 o *
. b 3 NN sSesed o 82es’

Treatment Time (min)

o4

Fig.1 Effect of different treatment conditions on ascorbic acid of TCW (a) UV, 8.6 cm (b) UV, 13.7 cm (c) UV, 18.6 cm

Total phenolic content

Treatment Time (min)

100 . r v r
E 1mm
A tod2mm
90 (b) 3 mm
80 -
70+
- 73
T ] o
2 e %
Sa ] 25
owm 504 oS
R 882
§ 40 4 55
Q g ) e
- 30 0%
£ ] R
= 204 5::
1 o
10
0 T

Treatment Time (min)

Total phenolic content
(mg GAEIL)

100 .
%0 (C)
80 ]

i

70

60

50
a0
30
20

104

Treatment Time (min)

[E511 mm
02 mm

Fig.2 Effect of different treatment conditions on total phenolic content of TCW (a) UV, 8.6 (b) UV, 13.7 (c) UV, 18.6 cm

2912




Int.J.Curr.Microbiol.App.Sci (2017) 6(5): 2905-2918

Treatment Time (min)

Treatment Time (min)

Treatment Time (min)

12
1'2 T Ll Al T 1'2 | 1 o I I v ! (c)l ¥
1 (@) 1 (b) Bormd] ~ ]
O 1.04 g 1.0 smel | & 1.04
- O 084
5 0.8 4 x :E:E = 5 0.8 § ; |
(=] “ 55 p o 4 £
E 358 £ > 0.6
> 064 2355 - = 0.6+ = ::
o] 3 X X & 1 o
© 0% 15X 4 8 4 a 254
=3 538 505 =3 3 5%
] s 355 ] 0.4 0.4+ X
204 R ‘o‘o' S5 € 0
S 0% o0 5 @ - 'oted
@ 2 g 008 ] @ 4 - 2
b=} K5 ’0” = s 5%
2 RS 0505 = o 024 So%0%
o 024 Lol g4 O 0.2+ = XX
z o 250 §=4 & .:‘:
g S et = 1R
R 4 0.0 ot
0 20 40 60 80 100 0 20 40 ' ]
Treatment Time (min) Treatment Time (min) Treatment Time (min)
Fig.3 Effect of different treatment conditions on antioxidant capacity of TCW (a) UV, 8.6 (b) UV, 13.7 (c) UV, 18.6 cm
100 . . . . 100 . - . T 100 T T T g T
) ) ) ] N —a— 1 mml
N\ a —m—1mm N —m—1mm c
0 : @ - 2mmf] 90+ (®) e 2mm] i s = —®—2mmT]
4 N 4 4 —A—3mm
80 NN —A—3mm 80 —A—3mm 80 - \\
1 X 1 \\.\ b M y
__ 70 \ _ 70 > 4 __ 704 | R -
= 4 = 4 =2 e ey 4
~ =l ~ 4 A == a4 S il
z ] el z . 7
g 501 g 501 1% 27 i
® 1 ® ] ] ®© ]
Q404 . Q40+ 4 2 404 .
= o o = 4 a‘-“' r
3 304 1 3 9] ]l 3 304 1
'3 1 1 4 ] | & ]
20 e 20 - 20 ~ -
10 - 104 i 104 4
0 T T b T 0 T T T 0 ¥ 1 |2 J
0 30 60 90 0 30 60 90 0 30 60 90

Fig.4 Effect of different treatment conditions on PPO activity of TCW (a) UV, 8.6 (b) UV, 13.7 (c) UV, 18.6 cm

2913




Int.J.Curr.Microbiol.App.Sci (2017) 6(5): 2905-2918

Relative activity (%)

1N\ (a) —&—1mm
90 4 —o—2mm[]
4 N i
804 N Sinin
1 R0k
70 4 A -
] \ ek 9
60 \ o A ;
50 - = o &
. I 4 ©
40 4 E ‘1>>
4 —u g -
0] ] 8
4 4
20 4 4
10 -
0 Ll o T -~ T
0 30 60 90

Treatment Time (min)

100 r v r v T
N b —&— 1 mm|]
904 ) —8—2mm]
80-. A3 mm
- \ "--.,*;7—; R
70 - s -
{ X e |
60 ~ . T .
: 3. o J
50 "-"_____ —
p ____“I -
40 -
30 4 R
20 4 e
10 4 -
0 T T T v T
0 30 60 90

Treatment Time (min)

Relative activity (%)

100 ' | l
|
‘ - 5 —=—1mmi1

90 \ ( ) =

| N |
80 —
70 il : '\. -
60 - == :
‘ \\h_ e e D -
- T — P —— ]
| a |
30 4 -
20 -
10 - -
0 ! ' ' '

| . T 90

Treatment Time (min)

Fig.5 Effect of different treatment conditions on PPO activity of TCW (a) UV, 8.6 (b) UV, 13.7 (c) UV, 18.6 cm

Table.1 Enzyme activity and biochemical characterization of tender coconut water

Parameters Value
Ascorbic acid 2.7+0.25
Total phenolic content (mg of GAE/ L) 63.1+0.4
Antioxidant activity (mg of GAEAC/ L) 8105
PPO (U.mL™. min™°Brix™) 0.59 +0.015
POD (U.mL™. min™Brix™) 0.06 + 0.024

Note: Values reported as mean + standard deviation (N = 12).
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Table.2 Constraints for optimization of ultraviolet process parameters

Variables Condition Lower Limit Upper Limit  Importance
Treatment time (min) Minimize 30 90 4
Sample thickness (mm) Maximize 1 3 3
Distance of sample from Minimize 8.6 18.6 2
lamp source (cm)

Responses Condition Lower Limit Upper Limit  Importance
Relative activity of PPO Minimize 48.82 85.2 4

(%)

Relative activity of POD Minimize 34.3 76.2 4
Loss of Ascorbic acid (%) Minimize 0.35 2.7 3
Total phenolic content (mg Maximize 69 79 3

of GAE/ L)

Antioxidant capacity (mg Maximize 0.6 0.8 3

of GAEAC/L)

Table.3 Predicted optimum values for ultraviolet variables and responses

S.No Time Thickness Distance R.A RA AA TPC  Antioxidan Turbidity Desirability
(min) (mm) (cm) of of (%) (mgof tcapacity (%)
PPO POD GAE/L) (mg of
(%) (%) GAEAC/L)
1* 30 1.27 8.6 63.45 5324 095 7214 0.76 3.6 0.647
2 30 1.31 8.6 64.2 5542 0955 73.2 0.77 3.51 0.647

* Selected for further studies

Effect of UV Light Treatment on Enzyme
Activity of Tender Coconut Water

Effect on Polyphenol oxidase (PPO)

The relative activity of PPO (with respect to
control) of UV light processed TCW at
different conditions were presented in figure 4

(a-c).

Generally, Polyphenol oxidases (PPQO) are
copper containing oxidoreductases that
catalyze the hydroxylation and oxidation of
phenolic compounds in the presence of
molecular oxygen. The PPO activity of TCW
was found to be in the range of 0.58 to 0.62
(U.mL™. min®Brix™). The obtained values of
PPO were found to be within the reported

range in the literature (Tan et al., 2014).From
ANOVA data it was showing that the
ultraviolet  treatment  conditions  had
significant (p<0.0001) effect on PPO activity
in TCW. The ultraviolet treatments at
different distances such as 8.6, 13.7 and 18.6
cm were showed slight decrease in relative
activity of PPO at different time intervals
(0.0-90.0 min). Further, at different thickness
levels viz., 1, 2 and 3 mm at a particular
distance and time interval for example 8.6 cm
at 90 min showed great changes in relative
activity of PPO. The reason for such kind
alternations is, the sample which is nearer to
the lamp source and having less thickness will
receive more energy (Bolton et al., 1999).
The minimum activity of PPO obtained at 90
min treatment time, 1 mm sample thickness
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and 8.6 cm sample distance from lamp source.
So far the exact mechanism for inactivation of
enzymes using UV light treatment was not
mentioned by any authors. The probable
mechanisms reported by Augusto et al.,
(2006). The inactivation of enzymes may be
due to, when enzyme is exposed to the
radiation; the absorbed energy leads to
changes on its spatial-structure, in general a
partial molecular unfolding. These
configurations result in inactivation of
enzymes.

Effect on Peroxidase (POD)

The relative activity of POD of UV light
processed TCW at different conditions was
presented in figure 5 (a-c). POD activity of
TCW was found to be in the range of 0.06 to
0.078 (U.mL™. min®Brix?). The obtained
values of POD were found to be within the
reported range in the literature (Tan et al.,
2014). The results show that the relative
activity of POD is lesser than the relative
activity of PPO. From ANOVA data it was
showing that the ultraviolet treatment
conditions had significant (p<0.0001) effect
on POD activity in TCW. The ultraviolet
treatments at different distances such as 8.6,
13.7 and 18.6 cm were showed slight decrease
in relative activity of PPO at different time
intervals (0.0-90.0 min).Further, at different
thickness levels viz., 1, 2 and 3 mm at a
particular distance and time interval for
example 8.6 cm at 90 min showed great
changes in relative activity of PPO. The
reason for such kind alternations is the sample
which is nearer to the lamp source and having
less thickness will receive more energy
(Bolton et al., 1999).The minimum activity of
POD obtained at 90 min treatment time, 1 mm
sample thickness and 8.6 cm sample distance
from lamp source. So far the exact
mechanism for inactivation of enzymes using
UV light treatment was not mentioned by any
authors. The probable mechanisms reported

by Augusto et al., (2006). The inactivation of
enzymes may be due to, when enzyme is
exposed to the radiation; the absorbed energy
leads to changes on its spatial-structure, in
general a partial molecular unfolding. These
configurations result in inactivation of
enzymes.

Optimization of process parameters

Optimization condition for ultraviolet and
thermal treated coconut was determined with
the help of commercial software (Design
Expert Version 7.0.0). The optimization of
ultraviolet treatment conditions was aimed to
maximum inactivation of enzymes (viz. PPO
and POD) which cause browning and off
flavor, maximum retention of Ascorbic acid,
Total phenolic content and Antioxidant
activity. The detailed parameters with their
importance and the obtained optimized
condition are shown in tables 2 and 3
respectively.

In conclusion, effect of ultraviolet (UV-C) of
tender coconut water (Cocos nucifera) on
Enzymes (PPO and POD) and nutritional
properties (viz. Ascorbic acid, Total phenolic
content and Antioxidant activity) were studied
during this research work. The process
conditions for ultraviolet treatment were
sample thickness (1, 2, 3 mm), treatment time
(30, 60, 90 min) and distance of sample from
lamp source (8.6, 13.7, 18.6 cm). The results
obtained from this study showed that the
ultraviolet treatment (UV) have any
significant effect on PPO, POD, Ascorbic
acid, Total phenolic content and Antioxidant
activity of tender coconut water (TCW).
Further, the results were compared with
enzyme activity and nutritional properties of
tender coconut water after thermal processing
in literature. The results indicate that the
maximum inactivation of PPO and POD was
achieved in thermal treatment than the
ultraviolet treatment. In contrast, the
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deterioration of nutritional properties in
thermal treatment was high as compared to
ultraviolet treatment. The obtained results
suggested that, although the thermal treatment
was better processing option pertaining to
enzyme inactivation, but ultraviolet treatment
was found superior based on retention of
nutritional attributes.
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