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Processing Using Pectolytic and Amylolytic Enzymes

Mugwiza Télesphore and Qian He
Focd Safety and Quality Control Laboratory, School of Food Science and Technology,
Jiangnan University, Wuxi, Jiangsu Province, P.R. China

Abstract: The effects of Pectinex Ultra SP-L concentration, Amylase AG XXL concentration, incubation
temperature, pH and incubation time on juice yield, turbidity and viscosity of cloudy passion fruit juice were
studied. Enzyme-treated passion fruit pulp sample showed increase in juice yield and turbidity with reduction
in viscosity. Response Surface Methodology (RSM) was employed to optimize the hydrolysis conditions for
production of cloudy passion fruit juice using enzymatic hydrolysis. The coefficient of determination (R’
values) for juice yield, turbidity and viscosity were greater than 0.900. Statistical analysis showed that
Pectinex ultra SP-L concentration, Amylase AG XXL concentration, incubation temperature, pH and incubation
time had effect at linear, square and interactive level on yield, turbidity and viscosity. Under the optimum
conditions, juice yield extracted from enzyme treated passion fruit pulp was 95.02%, with turbidity 724 NTU
and viscosity 1.84cP corresponding to the increase in vield and turbidity by 23% and 31.63% respectively with

0.58 cP decrease in viscosity.
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INTRODUCTION

Passion fruit (Passiflora eduiis) is one of the important
fruit crops grown in Hawaii, Australia, New Zealand, East
Africa, South Africa, Fiji, Peru and Srilanka. Passion fruit
is native to tropical America. It is grown practically in
every country with a suitable’ climate. There are two
types, yellow and purple. There are more than 500
species of passiflora and more than 50 of these species
are edible. Only the purple passion fruit, Fassiflora
edulis Sims, f. edifus and yellow passion fruit, P. edulis
Sims, f. flavicarpa Degener, are grown commercially.
Hybrids have been made between the purple and yellow
forms (Salunkhe and Kadam, 199%). The passion fruit
juice is fair to good source of pro-vitamin A, ascorbic
acid, riboflavin and niacin with also a high mineral
content. It has excellent flavor and is commonly used for
preparation of beverages. Tropical fruits juices have
become important in recent years due to the overall
increase in natural fruit juice consumptions as an
alternative to the ftraditional caffeine-containing
beverages such as coffee, tea or carbonated soft drink
(Jagtiani et al., 1988).

The use of cloudy juice becomes nutritionally important
because there is high tendency for most of the nutrients
to remain in the colloidal suspensions that characterize
cloudy juice. Studies have shown that juices containing
varying amounts of cloudy particles offer the consumer
the experience of a different feel compared with clarified
juices. Cloudy juices have been available on the world

market for a number of years; however, recent
development enzyme technology has led to a significant
improvement in the consistency and quality of cloudy
juices and concentrates (Beker and Bruemmer, 1972;
Korner ef al.,, 1980).

To enhance pulp liquefaction and provide a higher yield
of juice with high quality, application of enzymes is more
preferred than mechanical pressing of pulp because
mechanical pressing of pulp results in poor vyield and
juice instability. Anonymous (1991) indicated that the
use of total liquefaction enzyme for the mash treatment
results in an increase of juice flow, leading to a shorter
press-time, without the necessity for pressing aids.
During the mash treatment the middle-lamellas of the
fruit are depolymerised, at the same time, pectin is
broken down to such an extent that the viscosity of the
mash is reduced (Anonymous, 1991).

The general practice of determining optimum conditions
for enzymatic hydrolysis is varying one parameter while
keeping the other at an unspecified constant level. The
major disadvantage of this single variable optimization
is that it does not include interactive effects, among the
variables; thus it does not depict the net effects of
various parameters on the reaction rate. In order to
overcome this problem, optimization studies have been
done using Response Surface Methodology (RSM).
Response Surface Methodology (RSM) is an effective
statistical technique for optimizing complex processes.
The basic theoretical and fundamental aspects of RSM
have been reviewed (Cochran and Cox, 1957; Giovanni,
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1983; Henika, 1972; Myers and Montmogomery, 2002).
RSM reduces the number of experimental trials need to
evaluate multiple parameters and their interaction. It is
less laborious and time-consuming than other
approaches. It has constantly and successfully been
demonstrated that it can be used in optimizing
ingredients (Gallagher et af., 2003; Shelke et af., 1990;
Vaisey-Genser et al, 1987) and process variables
(Jackson ef af, 1996, Mastrocola et af., 1997, Pagliarini
et al, 1996; Shyu and Hwang, 2001; Truong ef al., 1988;
Vainionpaa, 1991) or both (Guerreros and Alzamora,
1997 Yusof et af., 1988).

There has been little information published on any
systematic study of the effect of enzyme treatment on the
passion fruit processing. The aim of this research was
to investigate the effect of enzyme treatment (Pectinex
Ultra SP-L dosage, Amylase AG XXL dosage,
temperature, pH and hydrolysis time) on cloudy passion
fruit juice and optimize the process conditions by using
Response Surface Methodology (RSM).

MATERIALS AND METHODS

Raw material and chemicals: Mature fresh purple
passion fruits (Passiflora edulis Sims, f. edilus) free from
insect infestation were supplied by Jin Sheng Bai Xiang
Guo (Guangxi province, P.R of China). The fruits were
transported to Jiangnan university laboratory under
ambient temperature and humidity and stored in the
refrigerator at 4°C for later use. All chemicals used in the
experiments were of analytical grade and bought from
chemical depot of Jiangnan University.

Enzyme source: Pectinex Ultra SP-L a commercial
pectolytic enzyme, and Amylase AG XXL amylolytic
enzyme, were obtained from Novozymes Investment Co.
Ltd (Beijing, China).

Juice extraction process: The fruits were sorted then
washed thoroughly in running tap water and drip dried.
Each fruit was opened by cutting in half with a kitchen
knife and the pulp was scooped out by spoon. The juice
was extracted using a blender and then squeezed
through cotton cloth to remove seeds.

Enzymatic treatment: Fresh passion fruit pulp was kept
in boiling water bath for 120 sec to inactivate natural
Polyphenol Oxidases (PPO). Based on preliminary
experiments, the range of variables for enzymatic
conditions was selected. These were Pectinex Ultra SP-
L dosage (0.009-0.017% whw passion fruit pulp),
Amylase AG XXL dosage (0.001-0.003% whw passion
fruit pulp), enzymatic treatment temperature (25-65°C),
pH (1.5-5.5) and incubation time (10-30 min). Pectinex

Ultra SP-L and Amylase AG XXL were simultaneously
used during enzymatic reaction. At the end of enzyme
treatment, the enzyme was inactivated by keeping
treated pulp in boiling water bath for 60 sec. After cooling
at room temperature, the passion fruit pulp treated with
enzyme was centrifuged at 10000 rpm for 10 min. After
centrifugation, juice yield, turbidity and viscosity were
determined.

Juice yield: Juice yield was calculated using the
following equation:

)= Wo) y40g

1

Juice yield{(%

Where,
W, = weight of sample before centrifugation
W, = weight of cake after centrifugation

Viscosity: Viscosity of passion fruit juice was
determined in an Ostwald viscometer at 30+1°C using
distilled water as standard.

pH: The pH of the pulp was measured using electronic
pH meter (Delta 320 pH meter, Metiler-Toledo
Instruments Shanghai Co., China)

Turbidity: Turbidity was measured using turbidimeter
(Wuxi Guangming Turbidimeter Factory Wuxi, China) and
results were reported in Nephelometric Turbidity Units
(NTU).

Table 1: Experimental design (in coded form of five variables)
employed for processing cloudy passion fruit juice with
Pectinex Ultra SP-L and Amylase AG XXL

Coded variables

Number of
X4 Xy Xy Xy X experiments
0 0 0 o] o] 8
+1 +1 +1 +1 +1 32
12 0 0 0 0 2
0 12 0 0 0 2
0 0 12 0 0 2
0 0 0 12 0 2
0 0 0 0 12 2
Total number of experiments 50

Code “0” is for center point of parameter range investigated;
“+1” for factorial points and “+2” for augmented points; X,
Pectinex Ultra SP-L concentration; X, Amylase AG XXL
concentration; X; incubation temperature; X, pH of pulp and
Xs incubation time

Experimental design and statistical analysis:
Experimental design in coded form is shown in Table 1.
The Response Surface Method (RSM) was used in
designing this experiment. Statistical analysis System
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Table 2: Coded parameter levels

Code
Experimental parameters -2 -1 0 1 2
Pectinex Ultra SP-L, X; (% wiw pfp™) 0.009 0.011 0.013 0.015 0.017
Amylase AG XXL, X; (% wiw pfp*) 0.001 0.0015 0.002 0.0025 0.003
Incubation temperature, X;(°C) 25 35 45 55 65
pH of the pulp (X,;) 1.5 25 35 45 55
Incubation time, Xs (min) 10 15 20 25 30

Where X is coded value, *Passion fruit pulp

(SAS) software version 8 was used to generate the
experimental desighs and statistical analysis. The data
were subjected to Analysis of Variance (ANOVA) and the
values expressed are means + standard deviation. Five
independent variables: Pectinex Ultra SP-L dosage (X)),
Amylase AG XXL dosage (X;), Temperature (Xg), pH (X))
and time (X;) were chosen. Coded levels of independent
variables are shown in Table 2. The three responses
were juice yield (Y,), turbidity (Y) and viscosity (Y3). The
response functions (Y,, Y, and Y,) were related to the
coded variables by a second degree polynomial using
equation below:
Y = (X, X, X;, X, X;) =b, + ibixn ibiix2 +i ib‘ixixj

i=1 j=

Where coefficients of polynomial were represented by by
(constant term), bi (linear effects), bii (quadratic effects)
and bij (interaction effects). The analysis of variance
(ANOVA) tables were generated. The significance of all
terms in the polynomial were judged statistically by
computing the F-probability (p) of 0.001, 0.01 or 0.05.

RESULTS AND DISCUSSION

Juice yield, turhidity and viscosity: Passion fruit juice
yield, turbidity and viscosity varied from 78.04-95.74%,
600.78-717.90 NTU and 1.848-2.149 Cp, respectively in
enzyme- treated passion fruit pulp. The juice yield and
turbidity increased by 6-23.74% and 8.4-23.38
respectively with 0.25-0.552cP reduction in viscosity. In
control (without enzymatic treatment) juice vield, turbidity
and viscosity were 72%, 550 NTU and 2.4cP respectively
(Table 3). Reduction in viscosity and increase in yield
and turbidity for enzyme treated passion fruit pulp is
mainly due to the degradation of pectin and starch by
pectolytic and amylolytic enzymes respectively.

Statistical analysis: The experimental results obtained
from 50-run-experiments on the effect of independent
variables namely Pectinex Ultra SP-L dosage, Amylase
AG XXL dosage, temperature, pH and time on the three
response functions (juice yield, turbidity and viscosity)
are shown in Table 3. The statistical analysis indicated

that the proposed model had no significant lack of fit
p>0.05 and with very satisfactory values of the R’ for all
the responses. The Analysis of Variance (ANOVA)
indicated that the R? value for juice yield, turbidity and
viscosity were 0.9370, 0.9370 and 0.9310 respectively
(Table 4). That means that the calculated model was
able to explain 93.70, 93.70 and 93.10% of the results in
the case of juice vyield, Turbidity and viscosity
respectively. The closer the value R? is the unit, the better
the empirical model fits the actual data.

The smaller the value of R’ the less relevant the
dependent variables in the model have to explain the
behavior variation (Little and Hills, 1978; Mendenhall,
1975). The adjusted R? values 0.894, 0.594 and 0.883
for juice yield, turbidity and viscosity respectively (Table
4) were also found in agreement with the R® values.
Therefore, the models were found to be adequate in
representing the response data of the juice vyield,
turbidity and viscosity and can be further used for
analysis and prediction purposes.

Effect of enzyme concentration, temperature, pH and
time: Juice yield, turbidity and viscosity were affected
most significantly by pectinex Ultra SP-L concentration
(%) (p =0.0001), Amylase AG XXL concentration ( X;) (p
= 0.0001), temperature (X3) (p = 0.0001), pH (X)) (p =
0.0001) and time (X;) (p = 0.0001). All linear parameters
( Xy, Xo, Xq, X, X)), quadratic parameters (X2, X2, X3, X%,
and X%) and three interaction parameters (X,X;, XX,
XXs) were significant at the level of p<0.05 or p<0.01 for
juice yield. All linear parameters (X;, X;, Xs, X4, Xg), four
quadratic parameters (X%, X%, X% and X%) and four
interaction parameters (X, X; X X; XX, XX;) were
significant at the level of p<0.05 or p<0.01 for juice
turbidity. All linear parameters (Xi, X;, X;, X4, X5), four
quadratic parameters (%, X%, X?,and X*), and three
interaction parameters (X, X;X; and XX, were
significant at the level of p<0.05 or p<0.01 for viscosity
whereas the other interaction and quadratic parameters
were insignificant (p=0.1).

Neglecting the non-significant parameters, the final
predictive equations obtained were given as follow:
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Y, = 94.2 + 1.31X, + 0.955X, + 1.24X, + 155X, + 0.711X, - 0412X, - 0.517X,X, - 0.730X,X, - 0.261X.X, + 0.0328X.X,
- 0.225X,X, + 0.102)X,X, - 0.185X.X, + 0.363X_X, - 0.428X X, - 0.532X? - 0.550)2 - 1.83X2 - 1.06XZ - 0.373X2

Y, = 716+ 9.99X, + 7.16X, + 9.20X, + 11.8X, + 5.48X, - 3.16X,X, - 3.90X,X, - 5.75X,X, - 2.11X,X, + 0.0594X_X,
- 177X X, +0.926X,X, - 149X, X, +2.75X,X, - 315X, X, - 3.28X2 - 3.11X2 - 1282 - 7.21X2 - 2.07X2

Y, = 1.85- 0.0262X, - 0.0187X, - 0.0243X, - 0.0333X, - 0.0129%, + 0.00881X,X, + 0.0106X,X, +0.0165X,X, + 0.00381X,X, - 0.00188X,X,
+0.004X,X, - 0.00181),X, + 0.00331X,X, - 0.0065X, X, + 0.0075X,X, +0.00806X? + 0.00798)X: + 0.0323X? + 0.0206X? + 0.00515X’

Where, Y, = Juice yield (%); Y,= Turbidity (NTU); Y, = Viscosity (cP); X, = Pectinex Ultra SP-L concentration (% w/w
passion fruit pulp); X;= Amylase AG XXL concentration (% wfiw passion fruit pulp); X; = Temperature (°C); X, = pH; X5
= Time (min).

Table 3: Effect of enzyme concentration, temperature, pH and time on three dependent variables
Dependent variables

Coded independent variables Yield (%) Turbidity (NTU) Viscosity (cP)

Experiment B e mmmmmmmmemmmmmeees e
numbers X % % X % ¥y ¥ ¥

1 0 0 2 0 0 88.80+0.84 679.07+4.35 1.943+0.018
2 -1 -1 1 1 1 91.80+1.10 702.77+£2.40 1.888+0.009
3 0 0 -2 0 0 78.04+0.56 600.78+2.65 2.149+0.018
4 0 -2 0 0 0 87.50+1.12 672.1242.57 1.966+0.022
5 1 -1 1 -1 -1 89.21+0.56 682.20+3.02 1.939+0.035
6 1 1 1 1 -1 92.40+0.70 706.00+1.28 1.878+0.039
7 0 0 0 0 -2 89.55+0.71 684.80+1.25 1.935+0.007
8 0 0 0 0 0 93.75+0.84 716.88+3.02 1.848+0.012
9 1 -1 1 1 -1 91.50+0.56 699.71+2.84 1.894+0.035
10 -1 -1 1 -1 -1 84.70+0.42 647.71+1.69 2.028+0.039
11 1 1 -1 1 1 92.00+0.57 703.00+1.97 1.886+0.014
12 -1 -1 -1 -1 1 83.50+0.76 638.53+2.72 2.052+0.021
13 -2 0 0 0 0 88.50+0.84 676.77+3.19 1.953+0.015
14 -1 -1 -1 -1 -1 83.00+0.70 634.71+4.01 2.063+0.010
15 1 1 1 -1 1 93.50+0.63 715.01+0.86 1.856+0.019
16 -1 1 1 -1 -1 87.00+£0.71 665.30+1.97 1.984+0.025
17 1 1 -1 -1 -1 90.00+0.97 689.16+2.20 1.921+0.015
18 0 0 0 0 0 93.70+0.62 717.54+2.03 1.848+0.021
19 -1 -1 1 1 -1 91.00+0.81 697.19+1.38 1.901+0.002
20 0 0 0 0 0 93.75+0.67 717.90+1.54 1.850+0.009
21 -1 1 -1 -1 -1 85.40+0.42 653.00+1.97 2.014+0.019
22 -1 -1 -1 1 -1 88.00+0.43 672.95+2.75 1.963+0.018
23 2 0 0 0 0 92.99+0.41 711.17+1.65 1.865+0.018
24 -1 -1 -1 1 1 88.70+0.66 678.30+4.04 1.949+0.012
25 0 0 0 0 0 93.76+0.84 717.00+1.69 1.850+0.008
26 0 0 0 0 0 95.74+0.90 701.07+1.68 1.896+0.008
27 1 -1 1 1 1 92.01+0.56 703.61+3.09 1.884+0.007
28 -1 -1 1 -1 1 88.00+0.80 672.85+2.61 1.982+0.008
29 1 -1 -1 1 1 91.80+0.28 702.01+2.84 1.888+0.009
30 -1 1 -1 -1 1 88.00+0.24 672.75+3.46 1.983+0.005
31 0 0 0 0 0 93.73+0.56 717.77+1.51 1.849+0.012
32 0 0 0 0 2 93.74+0.14 716.84+0.76 1.850+0.010
33 1 1 1 -1 -1 91.00+0.90 695.89+:2.81 1.904+0.005
34 1 -1 -1 -1 1 90.00+0.79 688.24+2.34 1.924+0.007
35 0 0 0 -2 0 83.00+0.29 636.10+£3.67 2.086+0.009
36 1 1 1 1 1 92.99+0.12 711.11+1.85 1.865+0.070
37 -1 1 1 1 -1 92.40+0.57 705.30+2.68 1.862+0.070
38 0 0 0 0 0 95.00+0.46 717.00+£2.54 1.850+0.010
39 0 2 0 0 0 93.79+0.14 717.68+£2.50 1.851+0.007
40 1 1 -1 -1 1 90.50+0.15 692.07+2.92 1.914+0.010
41 0 0 0 2 0 92.50+0.34 707.36+1.78 1.874+0.018
42 1 1 -1 1 -1 92.73+0.20 709.12+1.72 1.870+0.010
43 1 -1 1 -1 1 92.14+0.20 704.61+2.27 1.880+0.004
44 -1 1 1 1 1 92.80+0.17 709.65+3.57 1.868+0.010
45 -1 1 1 -1 1 92.10+0.14 704.30+£3.25 1.882+0.015
46 -1 1 -1 1 -1 89.90+0.70 687.468+3.64 1.926+0.008
47 1 -1 -1 1 -1 91.70+0.29 701.24+2.46 1.890+0.012
48 -1 1 -1 1 1 91.00+0.83 698.80+3.95 1.897+0.009
49 0 0 0 0 0 93.69+0.25 717.46+2.07 1.848+0.036
50 1 -1 -1 -1 -1 90.15+0.21 689.39+4.79 1.921+0.021
Control (untreated sample) 72.0040.70 550.00+4.24 2.400+0.014
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Table 4. Analysis of Wariance (ANOWA) for surace quadratic model

Source of Sum of Degres of hes=n p-value

Fesponzes variation sguares freedom srjuare F-value prob = F

Juice yield hodel 5582 20 2810 216 = 0.0001* significant
R esidual 391 28 135
Tatal 621 49
Lack of fit 34.80 22 158 257 0.101 not significant
R2= 09370 R (adj) = 0.894

T i dlity hodel 313E+004 20 1 S6E+003 2.7 = 0.0001* significant
R esidual 2.09E+003 28 T2
Total 334E+004 43
Lack of fit 1 G6E+003 22 54.4 253 0.10:5 not significant
R2= 0937 R2 (adjiy=0.894

Wi arosity hodel 019 20 oo 196 = 0.0001* significant
Residual 00162 28 000056
Total 0235 49
Lack of fit 00143 22 0000650 235 0.125 not significant
R=z= 0931 Rz (adj)= 0.8683

*Significant at p=0.05

{n)

Fig. 1: Response surface for passion fruit juice yield as a function of (a) pH and Pectinex Ultra SP-L concentration
(Amylase AG XKL concentration, temperature and time kept at their O level); (b) Termperature and Pectinex Ultra
SP-L concentration (Amylase AG XXL concentration, pH and time kept at their O level) and () pH and Time
iPectinex Ultra SP-L concentration, Amylase Al XX L concentration and temperature kept at their O level)

The significant effects of independent variables and their
mutual interaction on the juice yield, turbidity, and
viscosity can be seen on the three dimential response
surface curves and contour plots shown fraom Fig. 1-3.
The plats were generated by platting the response using
the z-axis against two independent wariables while

keeping the ather three independent variables at their
zero level

Fig. 1a shows the interaction between pH and Pectinex
Ultra SP-L concentration on the juice yield. Increase in
pectinex Ultra SP-L concentration fram 0.011-0.014 %
whw passion fruit pulp with increase in pH fram 2.5-4.0
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Fig. 2. Response surfacefor passion fruit juice turhidity as a function of (&) pH and Pectinex Ultra SP-L concentration
Ay lase AG XL concentration, temperature andtime kept at their O levely; () Temperature and Pectinex Litra
SP-L concentration (Armylase AG ¥xL concentration, pH and time kept at their 0 level and (o) Ay lase AG XKL
concentration and Pectinex Utra SP-L concentration {pH, temperature and time kept at their 0 level; (d) Time
and pH demperature, Pectinex ukra SP-L and Armylase AG XEL concentration kept at their 0 level)

enhanced the juice yvield, while increase of Pectinexs Ultra
SP-L cancentration awver 0.0714% wiw passion fruit pulp
and pH over 4.0 did not show a significant variation of
juice yield.

Fin. 1k indicates the effect of temperature and Pectine:
Llitra SP-L concentration on juice vield. Increase of
Fectinex Ultra SP-L concentration from 0.011-0.014%
welvy passion fruit pulp with increase of termperature from
35-50°C increased the juice wield. The increase of
FPectinex Ultra SP-L over 0.074% wiw passion fruit pulp
showed a little increase of juice vield while the increase
of temperature over S0°PC decreased the juice yield.

Fin. 1o presents the variation of the juice vield with time
and pH at a fixed temperature Pectinex Ultra 5P-L and
Arwlase AG ¥EL concentration. It may be observed from
the figure that the juice vield increased with the pH for
the pH range 254, The increaze of pH over 4
decreased the juice yield. It may also he observed from
the Fig. 1c that the increase of time from 19-22.9 min
increased the juice vield while the increase of time over
228 minincreased juice vield at a slow rate.

1811

Fig. 2a describes the dependence of turbidity with pH
and Pectinex Ultra SP-L dosage at fixed Anwlazse AG XxL
dosage, temperature and tirme. It is clear fromthe Fig. 2a
that at constant Arwlase AG X¥L dosage, time and
temperature, juice yield increased with Pectinex Ulitra
SP-L concentration. Increase in pH from 2540
enhanced the turhidity while the increase of pH over 4
decreased the turhidity.

Fin. 2h indicates the effect of interaction bebtween
temperature and Pectinex Ultra SP-L on turbidity of
passion fruit juice. Turbidity increased with increase in
pectinex Ultra SP-L concentration and increase of
termperature  from  35-45°C while the increase of
temperature above 45°C decreased the turbidity.

Fin. Zc indicates that the turbidity of passion fruit juice
increased quickl with the increase of pectinex Ultra SP-
L and Armylase AG XX L concentration from 0.011-0.014
and 0.00150.0025% wiw passion fruit pulp respectively.
The increase of Pectiner Ulta SP-Land Arwlase AG H¥L
concentration over 0.014 and 0.00225% wihw passion
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k)

Lt
o.0ais0 0110

Fin. 30 Response surface for passion fruit juice viscosity as a function of (a) pH and Pectinex Litra SP-L concentration
CArmylase AG ¥¥L concentration, termperature andtime kept at their 0 level);, (b Temperature and Pectinex Ultra
SP-L concentration A nwlase AG XL concertration, pH andtime kept attheir 0 levelh and (o) Armylase AG HHL
and Pectinex Litra SP-L concentration demperature, pH and time kept attheir 0 level)

fruit pulp respectively did not showe obwvious effect on
turbidity.

Fig. 2d indicates the effect of interaction hetween time
and pH on turbidity of passion fruit juice. Turbidity
increased with increase of time fram 15-22.9 min and
increase of pH from 2.%4. The increase of time over
2259 min showed increase in turhidity at a slow rate
wehile the increase of pH over 4 decreased turhidity.

Fin. 3a shows the interaction between pH and Fectine:
Liitra SP-L concertration on viscosity of passion frud.
There was a decrease in wiscosity when pH and
Fectinex Lltra SP-L concentration were increased from
28-4 and 0.0110-0.0140% wiw passion frut puolp
respectivel. We can also see from Fig. 3a that the
increase of pH and Pectinex Utra SP-L concentration
over 4 and 0.014% wiwpassion fruit pulp did nat show
any ohlwious effect an viscosity.

Fig. 3h depicts the effect of termperature and Pectinex
Liltra SP-L concentration onthe viscosity of passion fruit
juice. “iscosity decreased ouickl with increase of
temperature from 35-45°C and then increased wit the
increase of the temperature over 45°C, while viscosity
decreased with increase in Pectinex Ultra SP-L

concentration from 0.0110-0.0140% sy passion fruit
pulp and no obwious change for concentration over
0,071 40% witw passion fruit pulp.

Fig. 3c shows the effect of Anwlase AG XXL and Pectines
Ultra SP-L concerntration on the wiscosity of passion fruit
juice. The increase of Amylase AG ¥¥L and Pectinex
Uitra SP-L concentration from 0.0015-0.00225% ww
passion fruit pulp and 0.0110-0.01 40% witi passion fruit
pulp decreased the wviscosty while the increase of
concentration of the above enzyvmes over 000225 and
0.014% wiw passion fruit pulp respectively did not show
any okwious effect on viscosity.

Optimization: The optimum processing conditions to
obtain high juice yield with high turbidity and the lowest
viscosity were investigated. The optimum conditions o
the abome responses are presented in Tahle A,
Optimum walues aof the responses were in the
experimental range indicating the v alidity of the selection
of the wariahle range. At the optimum condition, juice
wield, turbidity and wiscosity were 95.6%, 728 MTL and
1.82 cP respectively. This condition was experimentally
verified in the laboratory and juice wield, turbidity and
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viscosity values were found to be 95.02%, 724 NTU and
1.84 cP respectively, which are in good agreement with
the predicted values.

Conclusion: Juice yield , turbidity, and viscosity of cloudy
passion fruit juice can be brought to the desired level by
using Pectinex Ultra SP-L and Amylase AG XXL
treatments. The different conditions for enzyme
treatment showed that Pectinex Ultra SP-L dosage,
Amylase AG XXL dosage, temperature, pH and time
significantly affected juice yield, turbidity and viscosity of
cloudy passion fruit juice. Using Response Surface
Method (RSM) the optimum condition of enzymatic
treatment was obtained. These conditions were Pectinex
Ultra SP-L dosage 0.0136% wfw passion fruit pulp,
Amylase AG XXL dosage 0.0024% w/w passion fruit
pulp, temperature 49°C, pH 3.8 and time 25 min.
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