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Abstract Watermelon juice was exposed to the enzyme
masazyme at varying enzyme concentrations (0.01–0.1 %
w/w) and different time (20–120 min) and temperature (30–
50 °C) combinations. The effects of the treatments on se-
lected responses (juice recovery, total dissolved solids
(TDS), viscosity, turbidity, cloud stability and L value) were
determined employing a second order Box Behnken Design
in combination with Response Surface Methodology. Enzy-
matic treatment effectively degraded polysaccharides,
resulting in reduced viscosity, turbidity and absorbance val-
ue and increased juice recovery, total dissolved solids and
lightness. R2 value for all models for the dependent varia-
bles were greater than 90 %. The maximum juice recovery
(86.27 %), TDS (8.7°Brix) and L value (17.57) while min-
imum viscosity (0.0020 Pa.s.), turbidity (39.37 NTU) and
cloud stability (0.033 abs) were obtained when enzyme
treatment was set up with 0.09 % w/w enzyme concentration
at 46.90 °C and 117.45 min.
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Introduction

Watermelon is one of the abundant and cheap fruits that is
available in India. Its production is high during summer

because of its tropical nature and its availability is almost
throughout the year. Watermelon production occupies 6–
7 % of overall fruit production (Reddy et al. 2008). Water-
melon juice is becoming increasingly popular due to its
sensorial, physical and nutritional properties (Edwards et
al. 2003; Huor et al. 1980). Watermelon juice contains small
amounts of phenolics as well as low vitamin C content
compared with other fruits (Gil et al. 2006). On the other
hand, watermelon juice is a rich natural source of lycopene,
a compound responsible for its red colour (Perkins-Veazie et
al. 2001). Intake of lycopene containing-products has been
associated with a reduced incidence of coronary heart dis-
ease and some types of cancer (Fraser and Bramley 2004;
Giovannucci 2002). Watermelon juice is a wonderful diuret-
ic agent and may be of importance in managing diseases
such as jaundice, typhoid and nephritis.

Pectinases are upcoming commercial enzymes, particu-
larly in fruit juice industry. Pectic enzymes are employed in
fruit processing to obtain better juice recovery, improve
filtration rate and produce clear juices of high quality for
concentration. Pectinolytic enzymes or pectinase act upon
the negatively charged high molecular weight pectic sub-
stances (Rastogi 1998). Maximizing yield from fruits is a
key demand for juice makers, because fluctuations in the
supply of raw fruit in the context of consistently growing
demand can increase price and decrease the availability of
quality fruit juice. Enzymes have been employed in the fruit
industry for the following purposes: a) to break down all
polymeric carbohydrates such as pectin, hemicelluloses and
starches, thus increasing the yield of juice by enabling better
pressing of the pulp; b) to improve the yield of substances
contained in fruit, e.g. acids, colouring or aroma substances
and c) to clarify the juice and to liquefy the entire fruit pulp
for maximum yield (Gerhartz 1990). Pectin is a major hin-
drance to filtration of juice as it forms a highly viscous gel-
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type layer on the membrane surface. Therefore, the juice
is treated with enzyme to degrade the viscous pectin
(Sahin and Bajindirli 1993; Rai et al. 2004). Pectinolytic
enzymes break down the pectin molecules, which facil-
itate the formation of pectin-protein flocs, leaving a
clear supernatant and significantly removing the colloi-
dal formulations in the juices (Yusuf and Ibrahim 1994;
Alvarez et al. 1998).

Increase in yield and clarity and decreases in viscosity in
fruit juices have been reported by use of pectin degrading
enzymes in dates (Kulkarni et al. 2010), peach (Santin et al.
2008), banana (Lee et al. 2006), mosambi (Rai et al. 2004),
kiwi fruit (Dawes et al. 1994) and pineapple (Sreenath et al.
1994). The enzymatic hydrolysis of pectic substances
depends on incubation time, temperature and enzyme con-
centration (Abdullah et al. 2007; Lee et al. 2006; Sin et al.
2006). The present study was conducted to ascertain the
effect of a pectin-degrading enzyme (masazyme) treatment
(at different time, temperature and enzyme concentration)
on watermelon juice (juice recovery, TDS, viscosity, turbid-
ity, cloud stability and L value) and optimize the process
condition by response surface methodology.

Materials and methods

Materials Fresh watermelon fruit (crimson sweet) were pur-
chased from local market. Masazyme encompassing a bal-
anced blend of enzyme complex with activity on celluloses,
pectins, beta-glucans, xylan and other hemicellulosic poly-
mer associated with fruit pulp was obtained from M/s Ad-
vanced Enzyme Technologies Ltd, Mumbai, India.

Enzyme treatment For each experiment, about 200 g of juice
pulp was subjected to different enzyme treatment conditions
as cited in Table 1. Based on preliminary experiments, the
range on the variables for enzymatic treatment was selected.
These were: concentration of enzyme, X1 (0.01–0.1 % w/w),
incubation time, X2 (20–120 min) and incubation temperature,
X3 (30–50 °C). The temperature of enzyme treatment was
adjusted to the desired level using a constant temperature
water bath (Narang Scientific Works Pvt Ltd, New Delhi,
India). The pH of the watermelon juice was kept at its natural
pH value. The enzyme was inactivated after the requisite
treatment by heating the suspension at 90 °C for 5 min in a
water bath. After that the juice was filtered through muslin
cloth and the filtrate was retained for further analysis.

Response measurement techniques Juice recovery was
reported as the % of clear juice obtain in g per 200 g of
pulp. Total dissolved solids (TDS) content was determined
using Atago digital refractometer (RP-101, Tokyo, Japan) at
20 °C with a scale ranging 0–45°Brix. Viscosity was

measured using Brookfield Viscometer (DV-II + Pro,
Brookfield Engineering Laboratory, Inc., Middleboro,
USA) at 100 rpm with LV-2 spherical spindle. Turbidity
was determined in term of Nephelometric Turbidity Unit
(NTU) using a portable turbidity meter (Systronics Digital
NTU-132, Ahmadabad, India). Cloud stability was deter-
mined by measuring absorbance at 660 nm using a Systronic
Double Beam Spectrophotometer (Systronic UV–vis-2203,
Ahmadabad, India). Distilled water was used as the reference.
L value of the clarified juice was measured using Hunter
colorimeter Ultrascan (SN 7877, Hunter Associates Labora-
tory, Inc., Virginia, USA). The Commission International de
L’Eclairage (CIE) system reference measures the L value on a
numerical scale, where white is equal to 100 and black is 0.

Experimental design The experimental design and statisti-
cal analysis were performed with Stat-Ease software
(Design Expert version 7.1.6 2009). In the present research,
a 3-level variables second order Box Bhenken Design with
quadratic model (Myers 1971; Khuri and Cornell 1989) was
employed (Table 1). The factors (independent variables)
were concentration of enzyme used (X1), incubation time
(X2) and incubation temperature (X3) of enzyme treat-
ment. The experimental design in the coded (x) and
actual (X) levels of variables is shown in Table 1. The
range of factors was chosen based on literature and
preliminary results. In each experiment, juice recovery
(Y1), TDS (Y2), viscosity (Y3), turbidity (Y4), cloud
stability (Y5) and L value (Y6) were determined as the
responses (dependent variables). The complete design
consisted of 17 combinations (including 5 replicates of
the center point) of independent variables. All the
experiments were carried out in random order (Table 1).
The variance for each factor assessed was partitioned into
linear, quadratic and interactive components and were repre-
sented using a second order polynomial (1) for 3 factors, as
follows:

Y ¼ b0 þ b1x1 þ b2x2 þ b3x3 þ b11x
2
1 þ b22x

2
2

þ b33x
2
3 þ b12x1x2 þ b13x1x3 þ b23x2x3 ð1Þ

The coefficients of the polynomial were represented by
b0 (constant term) b1, b2 and b3 (linear effects), b11, b22 and
b33 (quadratic effects) and b12, b13 and b23 (interaction
effects). Analysis of variance (ANOVA) tables were gener-
ated and the effects of individual linear quadratic and inter-
active terms were been determined (Khuri and Cornell
1989). The significance of all the terms in the polynomial
was judged statistically by computing the F-value at a prob-
ability (p) of 0.001, 0.01 or 0.05. Terms that were not
significant were deleted one at a time (stepwise deletion)
and the polynomial was recalculated.
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Result and discussion

Statistical analysis The results of the complete three-factor
three level factorial experiment designs with five-center
points presented in Table 1. Replications of runs at the
center points were used to estimate the experimental error
and to allow for checking the adequacy of the second-order
model. Model analysis, which included checking the valid-
ity of the model with the help of various relevant statistical
aids, such as—F-value, coefficient of determination (R2)
and coefficient of variation (c.v.) revealed that all the models
were statistically adequate (Chakraborty et al. 2011). The
result of the regression analysis and analysis of variance
(ANOVA) for all the models is reported in Table 2. The
probability values of all regression models were less than
0.05, indicating that models terms are significant at a confi-
dence level of 95 %. The F- value of lack of fit for all models
implies the lack of fit is not significant relative to the pure
error. The R2 values provide a measure of how much of
variability in the observed response value can be explained
by the experimental factors and their interactions. A good
model (R2 values above 90 % are considered very well)
explains most of the variation in the response. R2 values for
juice recovery, TDS, viscosity, turbidity, cloud stability and L
value were 98.89, 99.42, 96.67, 99.50, 99.45 and 99.12 %,
respectively. Coefficient of variation (C.V.) indicates the

relative dispersion of the experimental points from the predic-
tion of the model. It is desirable to have a C.V. of less than
10 %. In the present c.v. for juice recovery, TDS, viscosity,
turbidity, cloud stability and L value were 0.82, 0.68, 3.46,
3.07, 5.44 and 1.37 %, respectively.

Juice recovery Perusal of Table 2 reveals that enzyme con-
centration had a positive effect on juice recovery at linear
and quadratic level, showing a highly significant level (p<
0.001). The juice recovery could have increased because an
enzyme that hydrolysed protopectin might have liberated
water soluble pectin. The commercial pectin enzyme is
added to aid in liquefaction of plums in varying concentra-
tion of pectinase enzyme at constant temperature and time
(Chang et al. 1995). It is evinced from Table 2 that at
quadratic level incubation temperature significantly (p<
0.001) decreased juice recovery. From the Fig. 1a, the inter-
action effect between enzyme concentration and tempera-
ture significantly increased with increase in enzyme
concentration and temperature up to optimum level after
that temperature increased it decreases the juice recovery.
The interaction effect between incubation time and incuba-
tion temperature was significant (p<0.05) and its effect were
negative on juice recovery. Incubation temperature and in-
cubation time also increases enzyme activity by increasing
the kinetic energy within molecules i.e. faster reaction or

Table 1 Experimental design matrix and physical attributes scores of clarified watermelon juice by enzymatic method

Independent variables Dependent variables

RUN Enzyme
concentration
(w/w %) X1 (x1)

Incubation
time (min)
X2 (x2)

Incubation
temperature
(°C) X3 (x3)

Juice
recovery
(%) Y1

TDSa

(°Brix) Y2

Viscosity
(Pa.s.) Y3

Turbidity
(NTU) Y4

Cloud
stability
(abs) Y5

Lightness
(L value) Y6

1 0.1(+1) 70(0) 30(−1) 84.85 7.8 0.0025 75.8 0.0524 17.45

2 0.01(−1) 70(0) 50(+1) 76.23 7.3 0.0035 109 0.1176 13.98

3 0.1(+1) 120(+1) 40(0) 88.54 8.5 0.0018 38 0.033 17.96

4 0.055(0) 20(−1) 50(+1) 78.56 7.9 0.0033 76 0.0519 15.98

5 0.055(0) 70(0) 40(0) 80.86 7.6 0.0034 93 0.0653 16.87

6 0.055(0) 70(0) 40(0) 79.65 7.6 0.0035 92 0.0699 16.98

7 0.055(0) 70(0) 40(0) 80.65 7.7 0.0035 89 0.0705 17.23

8 0.055(0) 120(+1) 50(+1) 76.45 8.1 0.0032 65 0.0514 15.47

9 0.055(0) 20(−1) 30(−1) 77.03 7.3 0.0034 104.7 0.0698 14.65

10 0.1(+1) 20(−1) 40(0) 88.45 8.3 0.0023 55.98 0.0412 18.01

11 0.01(−1) 20(−1) 40(0) 78.80 7.2 0.0035 116 0.1397 13.98

12 0.01(−1) 70(0) 30(−1) 77.32 7.1 0.0035 121.32 0.1543 13.57

13 0.055(0) 120(+1) 30(−1) 78.45 7.4 0.0034 92.89 0.064 15.2

14 0.055(0) 70(0) 40(0) 81.65 7.7 0.0034 90 0.0702 17.28

15 0.055(0) 70(0) 40(0) 80.45 7.7 0.0033 90 0.0706 17.36

16 0.1(+1) 70(0) 50(+1) 87.80 8.8 0.0017 40 0.036 17.57

17 0.01(−1) 120(+1) 40(0) 77.56 7.2 0.0035 107 0.1298 14.01

a Total dissolved solid
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catabolism or anabolism. Although at extreme temperature
and time, the enzyme denatures. The findings of Zhanga et
al. (2007) is comparable with the result of present study who
reported that juice recovery varied curvilinearly with in-
crease of α-amylase dosage, alcalase dosage and hydrolysis
time. Litchi pulp treated with pectinase enzyme facilitated
extraction of juice (Vijayanand et al. 2010). The use of
fungal enzyme in fruit juice extraction had shown signifi-
cant increases in juice recovery as compared to cold and hot
extraction (Joshi et al. 1991). Kaur et al. (2009) reported that
enzyme concentration was the most significant factor that
affects the juice recovery due to the degradation of pectin
substances. Diwan and Shukla (2006) also reported similar
behaviour in guava juice. An increase in pineapple juice
yield by 52.9 % was observed using xylalase enzyme (Pal
and Khanum 2011). Our results are, therefore, in corrobora-
tion with the result of other researches that enzyme concen-
tration boots the juice recovery.

Total dissolved solid (TDS) A simple Brix measurement
shows all of the dissolved solids in the sample which
includes soluble minerals, carbohydrates (sugars and
starches) and other soluble chemicals such as amino acids,

enzyme and so on. For fruits, high total dissolved solids are
desirable.

It can be inferred from Table 2 that enzyme concentration
significantly (p<0.001) affected the TDS at linear level.
Incubation time and incubation temperature also affected
the TDS at linear level with a positive effect but to a lesser
extent (p<0.01). Enzyme concentration, incubation time
and incubation temperature showed significantly positive
effect at linear level, but at quadratic level only enzyme
concentration showed significant (p<0.001) positive effect.
A significant (p<0.001) positive interactive effect showed
by enzyme concentration and incubation temperature. This
might be due to the action of enzyme on the pectic sub-
stances of juice pulp causing hydrolysis of these substances
and release of dissolve material. Influence of enzyme con-
centration and incubation temperature on TDS is shown in
Fig. 1b at constant time. According to Norjana and Noor
Aziah (2011), TDS content of the enzyme treated pulps
increased slightly with increase in incubation time. The
present result was in agreement with observation of Shah
(2007) who achieved significantly higher TDS by enzyme-
assisted process for juice extraction and clarification from
litchis.

Table 2 Analysis of regression and variance of the second order polynomial models for dependent variables of clarified watermelon juice by
enzymatic process

Source Juice recovery TDS Viscosity Turbidity Cloud stability Lightness

Regression

Model 80.65* 7.66* 3.420* 90.80* 0.069* 17.14*

Linear

X1 4.97* 0.58* −7.125* −30.44* −0.047* 1.93*

X2 −0.023N.S. 0.063** −7.500 N.S. −6.22* −3.050 N.S. 2.50 N.S.

X3 0.17 N.S. 0.31** −1.375** −13.09* 0.010* 0.27**

Interactive

X1 \ast X2 0.33 N.S. 0.050N.S. −1.250 N.S.. −2.24 N.S. 4.250 N.S. −0.020 N.S.

X1 \ast X3 1.01** 0.20* −2.000** −5.87** 5.075*** −0.072 N.S.

X2 \ast X3 −0.88*** 0.025 N.S. −2.500 N.S. 0.20 N.S. 1.325 N.S. −0.26***

Quadratic

X1
2 3.31* 0.11** −5.850* −4.84** 0.024* −0.42**

X2
2 −0.62 N.S. 0.032 N.S. −6.000N.S. −6.72* −7.088** −0.74*

X3
2 −2.41* −0.017 N.S. −3.500 N.S. 0.57 N.S. −2.937 N.S. −1.08*

ANOVA

R2, % 98.89 99.42 96.67 99.50 99.45 99.12

R2(adj), % 97.46 98.80 96.96 98.85 98.74 97.99

R2(Pre), % 93.07 96.25 85.42 93.59 92.56 92.24

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Coefficient of variation, % 0.82 0.68 3.46 3.07 5.44 1.39

Adequate precision 24.87 43.84 22.18 43.24 37.006 26.60

Lack-of-fit 0.6290 N.S. 0.541 N.S. 0.1985 N.S. 0.0867 N.S. 0.051 N.S. 0.3783N.S.

X1 0 Enzyme concentration; X2 0 incubation time; X3 0 incubation temperature, N.S. non significant, * Significant at 0.001 level, ** Significant at
0.01 level., *** Significant at 0.05 level
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Viscosity Fruit and vegetable products exist in various forms
from simple newtonian fluids (clarified juices), disperse
systems (juices and pulps) to solids (fresh and processed
fruits and vegetable). Fluids, however viscous, yield in time
to stress and begin to flow; but solids, however plastic,
require a certain magnitude of stress before they begin to

flow. The science of rheology is devoted to the study of flow
and deformation.

Table 2 showed the effect of the independent variables on
the viscosity. Enzyme concentration was significantly (p<
0.001) affect the viscosity at linear as well as quadratic level.
The effect of incubation temperature was also significant (p
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Fig.1 Response surface plots for different parameters as a function of enzyme concentration, incubation time and incubation temperature
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<0.01) at linear level. Enzyme concentration and incubation
temperature showed a negative effect on linear and quadrat-
ic level. It was clear from the Fig. 1c that viscosity de-
creased with the increase in enzyme concentration and
temperature at constant time. This phenomenon may be
due to the breakdown of cohesive network of pectinaceous
substances because of enzymatic action, which decreases
the water holding capacity (WHC) of juice pulp and there-
fore available water released to the juice to further reduce
the viscosity. The interaction effect between enzyme con-
centration and incubation temperature was significant (p<
0.01) and its effect was negative on viscosity as evident
from Table 2, meaning that the action of enzyme was de-
pendent on the incubation temperature during enzyme treat-
ment. Lee et al. (2006) reported that the rate of enzymatic
action increase with increase in temperature. Abdullah et al.
(2007) and Sin et al. (2006) also reported that enzymatic
action upon the pectin, leading to a reduction of WHC,
releasing free water into the system and reducing the vis-
cosity of the juice

Turbidity In preparation of fruit juices, haziness is the major
problem due to the presence of pectins. Pectin can be asso-
ciated with plant polymers and the cell wall debris which are
fibrous molecular structures that principally consist of cel-
lulose and protein with small amount of hemicelluloses and
hydroxyproline-rich protein (Smock and Neubert 1950).
Turbidity in fruit juice can be a positive or negative attrib-
utes dependending on the expectation of the consumers
(Hutchings 1994).

The result presented in Table 2 showed that enzyme con-
centration, incubation time and incubation temperature

significantly (p<0.001) reduced the turbidity at linear level
whereas at quadratic level enzyme concentration (p<0.01)
and incubation time (p<0.001) showed negative effect on
turbidity. Interaction between enzyme concentration and in-
cubation temperature showed significant (p<0.01) negative
effect at constant time (Fig. 1d). Juice turbidity may be de-
crease due to the action of pectinase on the pectin layers
encapsulating the protein core of proteinaceous pectin par-
ticles in suspension. This action result in an electrostatic
agglomeration of oppositvely charged particles that may lead
to transient turbidity increase and subsequently results in
precipitation of agglomerated complex resulting in decreased
turbidity. Similar result were achieved by Grassin and Fau-
quembergue (1999) that increases enzyme concentration, in-
cubation time and incubation temperature might decrease the
turbidity due to polygalacturonase action that corresponding
to hydrolysis of pectin substances and causing pectin protein
complex to flocculate.

Cloud stability For clarified fruit a juice, a juice that has an
unstable cloud is considered ‘muddy’ is unacceptable to be
marketed as clear juices (Floribeth et al. 1981). Figure 1e
shows the surface diagram of the independent variables on
the juice cloud stability. From Table 2, it may be observed
that cloud stability depends on the enzyme concentration as
its linear effect was negative at p<0.001 whereas quadratic
effect was positive at p<0.001. Hence overall effect was
curvilinear in nature (Fig. 1e). Lower absorbance values
indicated a good stability of cloud. Increase in enzyme
concentration may increase the rate of clarification by ex-
posing the positively charged protein beneath, thus reducing
electrostatic repulsion between cloud particles which
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clumps together and theses clumps are eventually settle out.
The similar result was reported by Sin et al. (2006). Incu-
bation temperature also showed significant (p<0.001) effect
on linear level. At quadratic level incubation temperature
showed non-significant negative effect whereas incubation
time showed significant (p<0.01) negative effect. Figure 1e
showed significantly (p<0.01) positive interaction effect
between enzyme concentration and incubation time at con-
stant temperature. Ahmad et al. (2009) also reported that
cloud stability decreased significantly (p<0.01) with in-
crease in levels of enzymes and incubation time. In general,
time required to obtain a clear juice inversely proportional to
the concentration of enzyme used at constant temperature
(Kilara 1982).

Lightness L value represents the lightness index of a juice.
In clarified juice value should be very high. A dark colour
product is usually less appealing to the consumers as it may
indicate deterioration. An attractive red colour is one of the
main characteristics of watermelon juice. Most of the unde-
sirable changes on the attractive red colour and flavour of

watermelon juice are catalyzed by enzymes such as perox-
ides, lipoxygenase, pectin methyl esterase and polygalactur-
onase (Robinson 1991).

All the independent variables showed a positive effect on
lightness at linear level whereas the effect was negative at
quadratic level and interactive level on lightness. From the
Table 2, it was observed that enzyme concentration signif-
icantly affect the lightness at linear (p<0.001) and quadratic
(p<0.01) level. Incubation time and temperature also signif-
icantly (p<0.001) affected the L value at quadratic level
whereas at the linear level only incubation temperature
showed significant (p<0.01) positive effect. The interaction
between incubation time and temperature deteriorated the
colour significantly (p<0.05) at constant enzyme concentra-
tion. It is evince from Fig. 1f that L value decreased with
increase incubation time and temperature up to particular
level at constant enzyme concentration. The changes in L
value may be due to the formation of brown pigment. When
maillard reaction takes place between amino acid and car-
bonyl compounds, the subsequent formation of 5 hydroxy-
methyl furfural (HMF) and other decomposed products
causes undesirable brown colour development. Mackinney
and Chichester (1952) also reported that colour deterioration
in strawberry fruit was due to the formation of brown pig-
ments. Heating can creates an opportunity for oxidative
reactions, which cause a degradation of the pigments.

Optimization of enzyme treatments for clarified watermelon
juice and model validation The optimum formulation was
determined by superimposing the contour plots of all the
responses. The final condition would be considered opti-
mum if the juice recovery, TDS and L value were as high as
possible while turbidity, cloud stability and viscosity were
as low as possible. Figure 2 shows the optimum condition of
clarification process to generate maximum juice recovery, L
value and TDS and minimum absorbance value, turbidity
and viscosity, respectively. The goal that was set for obtain-
ing the best result combination is illustrated in Table 3
regarding to the efficiency and it’s cost-effectiveness.

Table 4 Optimized level of process parameter for clarification of watermelon juice by enzymatic method along with the predicted values for the
response

Responses Predicted value# (μo) Experimental value@ (μ1) % deviation tcal

Juice recovery (%) 84.71 86.27 1.35 3.245

TDS (°Brix) 8.6 8.7 1.14 1.724

Viscosity (Pa.s.) 0.0020 0.0020 0.0 0.000

Turbidity (NTU) 39.70 39.37 0.83 −0.520

Cloud stability (abs) 0.033 0.033 0.0 0.000

Lightness (L value) 17.18 17.57 2.21 0.586

The recommended enzyme clarification condition was 0.09 % enzyme concentration at 46.90 °C for 117.45 min, Ho: μo 0 μ1, tcal < ttable at p<0.1,
‘Ho’ was accepted., @ mean of five replications., # the desirability for this result was 0.64

Table 3 Optimization parameter in the response optimizer for clarifi-
cation of watermelon juice by enzymatic method

Name Goal Lower
limit

Upper
limit

Enzyme (%) Minimize 0.01 0.1

Incubation time (min) Is in range 20 120

Incubation temperature (°C) Is in range 30 50

Juice recovery (%) Maximize 76.23 88.54

TDS (°Brix) Maximize 7.1 8.8

Viscosity (Pa.s.) Minimize 0.0017 0.0035

Turbidity (NTU) Minimize 38 121.27

Cloud stability (abs) Minimize 0.033 0.154

Lightness (L value) Maximize 13.57 18.01

Lower and upper weights values were 1 and Importance values were 3
for all variables
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Criteria set in Table 3 produced an optimum region in the
superimposed plot shown in Fig. 2. The data were analyzed
in Design Expert version 7.1.6 (2009) and a solution
obtained for optimization as detailed in Table 4, which gives
the optimum parameters for responses juice recovery, TDS,
viscosity, turbidity, cloud stability and L value along with
predicted response values. The juice recovery, TDS, viscos-
ity, turbidity, cloud stability and L value were 86.27 %, 8.6°
Brix, 0.0020 Pa.s., 39.37 NTU, 0.033 abs and 17.57L value,
respectively when enzyme treatment was set up with 0.09 %
w/w enzyme concentration at 46.90 °C incubation tempera-
ture and 117.45 min incubation time. The calculated values
of ‘t’ for all responses were found non significant at 5 %
level of significance. It is, therefore, confirmed that the
selected combination is the best in term of juice recovery,
TDS, viscosity, turbidity, cloud stability and lightness
(Table 4).

Conclusion

The methodology of the experimental design was shown to
be very useful for the evaluation of enzyme hydrolysis for
watermelon juice clarification. The different conditions (in-
cubation time, incubation temperature and concentration of
the enzyme) for enzyme treatment revealed that all these
variables markedly affected the different physical parame-
ters (juice recovery, TDS, viscosity, turbidity, cloud stability
and L value) and can be related to the enzyme treatment
conditions by second order polynomials. The recommended
enzyme clarification condition was 0.09 % enzyme concen-
tration at 46.90 °C for 117.45 min.
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