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ABSTRACT

In the Central Composite Design, the method emplayas Response Surface Methodology, which is uséaki
analysis for optimizing the conditions of enzymatieatment, on physical characteristics. Pectinaas used to treat
carambola juice at various enzyme concentration @81 — 0.1%, Incubation time of 30 to 120 mimsl ancubation
temperature of 30 to 50°C. Central Composite Desifjsecond order was employed that had treatmemditons as
independent variables, which has a major impacfploysical characters such as turbidity, viscositd ditterability.
With coefficient of determination R?, the signifidaregression models are describing the changeshenphysical
characters, with respect to the independent vasathlat were established. According to the respsaface methodology
and the plots, the optimum treatment conditionscfarification of carambola juice were incubati@miperature of 40°C,

incubation time of 75 mints and enzyme concentmanin0.055%.
KEYWORDS: Enzymatic Treatment, Turbidity, Viscosity & Filtdility
INTRODUCTION

In the developed and developing countries, juidesdrape, mango, lime and blends are traditionedtgblished
well. These fruits are used to have value addedym® and are widely produced to extend its markétgabmainly in
exports. Recently, there is a great attention aeguand products of tropical fruits. The largeqicaters of carambola or
star fruit in the world are Malaysia, since 198% dahey have been exporting to countries such asgeurwhere this

commodity is a major product.

In the east, one of the popular tropical fruit iar&@mbola, which is relatively expensive. These racestly
consumed as fresh or served as fresh juices, bfeinds as flavoured ingredients. This is juicy a®dicious with an
exclusive flavour and an attractive flesh, sweet Enslightly acidic. It is from the family Oxalideeace, scientifically
known asAverrhoa carambola L. Five colour indices were used to indicate theowsr stages of maturity. This is highly
rich in Vitamin A and C, amounting to more thanr@§ per 100 mg of the fresh fruit. This varies frbght sour to sweet

in flavour.

Products or value added products such as fruieguiand blends have polysaccharides which are dslloi
The viscosity and turbidity of the juice is caussdthese polysaccharides like pectin and starch.ri@jor problem that is
faced in the preparation of juices is cloudinessictvis due to the presence of pectin; Enzymatiedgpization can be

used for removal. Due to the pectin which has fider molecular structure, the clarification progas difficult as it is
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associated with plant polymers and cell debris. fitieculation of pectin protein complex is causgdhydrolysation of
pectin, by pectinase in enzymatic depectinization. analysis, 0.15% wt of pectin was present indaembola juice.
From the pectinase, the treated relating juicerdetes the lower amount of pectin and the lowecasgity. For the
hydrolysis of pectin by enzymatic treatment, it ilfluenced by numerous factors like incubation tiremzyme
concentration and incubation temperature. Centoah@site Design (CCD) is the most suitable approftdetermining
optimum conditions of the processes. In the desigaxperts, response surface methodology is the eftisient and
effective optimization process. To consecutivelflveoand determine the multivariate equations fropprapriate
experimental design, this is used as a suitabledothe expenditure of quantitative data. In fo@b fruit juice production,

this method is very widely used for the optimizataf process.

MATERIALS AND METHODS

Materials
Fresh Carambola or starfruit, for the enzymatiatireent of carambola juice and Pectinase Ultra SP-L.

Methodology

Methodology to be followed in the Design Expertt@@fre: Choose the Central composite design in gspBnse
surface methodology. Then, set parameters arettependent variables, which are enzyme concentratioubation time
and incubation temperature that are to be detednitieen set the response activity such as filtétabturbidity and

viscosity. Then, apply it in the Design Expert safte Version 10.
Experimental Design

To study the combined effect of three independaniables that is enzyme concentration, incubatonperature
and incubation time the experiment was employed wjtiadratic model based upon the central compakdign.
These independent variables are coded as A, B afdhése variables are responsible for the mechaafstime enzyme
activity. According to the central composite designumber of 25 combinations having five replicatese carried out for
these chosen variables in table 1. The dependeiabies (y) measured were filterability (y1), tudlty (y2) and viscosity
(y3) of the carambola juice. The dependent vari@hble expressed individually as the function oepehdent variables
known as response function. Using the second grdimnomial function the variance for each factorsvessessed and

partitioned into linear, quadratic and interactbeenponents and are presented as follows.

Y1 = 0.081186 — 0.092185A — (3.77368E +004)B —498BE + 005)C + (3.3333E — 003)AB — (1.60494E +
003)AC + (4.44444E — 006)BC + 0.29890A2 — (3.07018ED7)B2 — (3.03227E — 008)C?

Y2 = 0.018233 — 0.21403A + (7.62125E - 004)B + §Z26E - 004)C - (7.222222E + 003)AB + (2.34568E -
003)AC - (5.000000E + 006)BC - 0.29938A2 — (6.23782007)B2 — (4.63986E — 008)C?

Y3 = =8.87231 — 21.99514A — 0.46626B + 0.59204C70B78AB — 0.2796AC — 0.012964BC + 128.27473A2 +
0.016892B2 + (1.28275E — 004)C?
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Table 1: Experimental Design Matrix Developed by Reponse Surface Methodology

Factor 1 | Factor = Factor 3 | Response 1 esponse 2 Response 3
sta |[Group| Run |AaEn=wme o |eincubation . |cancubation Filterability Turbidity s cosite
— B degree © rmin = Pas
10 1 Bl 40 s o.os= o.01s 1z
= 1 = <0 s o.07= o.007 =22
11 1 = 40 s o.os9 0.02 s.=
=Y = a 20 s o.071 o.o0o0s =59
Za = s 40 7S 0.064 0.015 5.5
=s = = 40 s o.073 o.009 =57
s = - so =0 o.07s 0.0 =.a7
- = = so 120 o.07s o.o1s =5
=S = = so =0 o.073 0.011 =5
= = 10 0.1 so 120 o.07= 0.0z =5
== Py 11 o.oss 20 s o.07s oc.o1= =
=1 - 1z o.oss <0 s o.oss o.o=s =
=o - Y o.0ss 40 s o.071 o.01s =
- s 1 o1 30 120 o.028 0.0z 2s.9
Bl s 1s =0 =0 o.o0ss 0.0 ==
= s 15 =0 120 o.07 o.00s =2a.a
= s a7 =0 =0 o.07 o.o00s =2
1 = 1a 20 152 .54z o.071 o.oos B
18 s 19 40 s o.071 o.007 =2
1= s =o <0 -z sazzo o.064 o.oo= =2
ar = =1 40 s o.os= 0.011 =2
1= ke == zz.s7oes s o.osS oc.o1= =52
1z rd =3 zz.s79s s o.07= o.01= 3.89
s = EY sv.=2o0s s o.o83 o014 =257
1 s 2s sv.=zo0s s o.087 o.014 [3-8

RESULTS AND DISCUSSIONS

Statistical Analysis

For the three response variables that is filteitgbilturbidity and viscosity the analysis of vargan and
experimental values are obtained under differesgtiment conditions. It characterised that it wasgadte for all response
variables which are developed in the response srfzodel. The reaction was explained well by tlggassion model for

all these response variables &saRs higher.
Filterability

Filterability was related to linear effect of thenzgme concertation, incubation temperature and .time
Filtration has an interaction effect among inculattime and enzyme concentration. In the juice, fitherability was

found to increase with an increase in enzyme cdraiion having incubation time at its lowest.
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Figure 1: (a), (b) and (c) Shows the Relationshipf d-ilterability with that of the Physical Characteristics and (d)

Shows the Relationship of Filterability with that d Incubation Temperature and Enzyme Concentration
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Turbidity

Turbidity was majorly a function of the enzyme centration. An increase in enzyme concentrationtibaly
decreases turbidity. The turbidity decrease evigeat enzyme concentration was raised, irrespedaivéncubation
temperature and time of the enzyme treatment. Mtexaction of enzyme concentration and incubatiore twas also

important. The interaction effect was positive orbidity.
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Figure 1: (A), (B) and (C) Shows the Relationshipfolrurbidity with that of the Physical Characteristi cs and (D)

Shows the Relationship of Turbidity with that of Incubation Temperature and Enzyme Concentration
Viscosity

Viscosity was reduced considerably due to highewyer concentration. Enzyme concentration and indaa

time has a significant interaction effect with \asity.
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Figure 1: (a), (b) and (c) shows the Relationshipf&/iscosity with that of the Physical Characteristcs and (d) shows

the Relationship of Viscosity with that of Incubatbn Temperature and Enzyme Concentration
Optimization

The optimum conditions for the process of clartiica which facilitates the preceding filtration s yield
minimum viscosity, minimum turbidity and maximunttérability. To obtain minimum levels of viscosignd turbidity,
and maximum levels of filterability, there are numes combinations available, having different Vialea at different
conditions. It was done to obtain all the contolatof the superimposition, as each dependanabiaridid not accurately
fall in the same region in the optimum responses bést combination of the response functions ferpitocess variables
are incubation temperature at 40°C, incubation fione/5 mints and enzyme concentration of aboub®%4. The final

polynomial is used to determine the response fanstivhich were turbidity, filterability and viscogi
CONCLUSIONS

These different conditions like enzyme concentrgtilmcubation temperature and incubation time fog £nzyme

treatment revealed that, these variables affecfilteeability, turbidity and viscosity of the cardola juice. The enzyme
treatment conditions can be related by second grdlgnomials. In order to obtain desirable conditidor the properties
of the carambola juice, that will be suitable foe imembrane based clarification, the optimum opeyatalues have been

determined graphically.
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