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Abstract

Response surface methodology is a statistical procedure frequently used for optimization studies. It uses quantitative data from
an appropriate experimental design to determine and simultaneously solve multivariate problems. In this study, a two-factor central
composite design was used to establish the optimum conditions for enzymatic clarification of sapodilla juice. Sapodilla juice was
treated with pectinase enzyme at different incubation times (30-120 min), temperature (30-50 °C) and enzyme concentration
(0.03-0.10%). These three factors were used as independent variables whose effects on turbidity, clarity, viscosity and colour (L val-
ues) were evaluated. Significant regression models describing the changes of turbidity, clarity, viscosity and colour (L values) with
respect to the independent variables were established, with the coefficient of determination, R%, greater than 0.8. The results indi-
cated that enzyme concentration was the most important factor affecting the characteristics of the juice as it exerted a significant
influence on all the dependent variables. The recommended enzyme clarification condition was 0.1% enzyme concentration at

40 °C for 120 min.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

A large variety of new clarified fruit juice products
have recently appeared in the local market. However
there are no clarified tropical fruit juices. Therefore sap-
odilla with its unique flavour and aroma may be able to
diversify the market, thus providing a totally new expe-
rience for the consumer. Sapodilla is a fleshy berry, gen-
erally globose, conical or oval with one or more seeds.
The fruit generally weight about 75-200 g, ranging from
5 to 9 cm in diameter. The fruit has a thin rusty brown
scurfy skin and a yellowish brown or red pulp with a
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pleasant, mild aroma and an excellent taste (Mickelbart,
1996; Thompson, 2003). It is normally eaten fresh, but
sometimes it is served as candy, dehydrated slices, jelly
and juices.

For clarified products, clarity and homogeneity are
two important characteristics, which are achieved by
the complete removal of all suspended solids. The sus-
pended solids are mainly polysaccharides (pectin, cellu-
lose, hemicellulose, lignin and starch), proteins, tannin,
metals and microorganisms (Vaillant, Millan, Dornier,
Decloux, & Reynes, 2001). Crude sapodilla juice ob-
tained after hot water extraction is turbid, yellowish
brown in colour, very viscous and tends to settle during
storage, necessitating the use of enzymes to clarify the
juice.

In order to degrade pectins and polysaccharides, an
enzymatic treatment of the crude juice is usually carried
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out using pectinases (Grassin & Fauquembergue, 1996;
Kashyap, Vohra, Chopra, & Tewari, 2001; Vaillant
et al., 1999; Viquez, Laetreto, & Cooke, 1981). Pectin-
ases hydrolyze pectin and cause pectin—protein com-
plexes to flocculate. The resulting juice has a much
lower amount of pectin and also a lower viscosity, which
is advantageous for the filtration process (Alvarez,
Alvarez, Riera, & Coca, 1998; Isabella, Geraldo, &
Raimundo, 1995; Koffi, Sims, & Bates, 1991).

Enzymatic hydrolysis of pectic substances depends on
several physicochemical factors such as incubation time,
enzyme concentration and incubation temperature
(Baumann, 1981; Lanzarini & Pifferi, 1989; Rai, Majum-
dar, DasGupta, & De, 2004). The present work involves
optimization of different parameters affecting the
enzymatic clarification process. The general practice
for determining the optimal operating conditions is by
varying one parameter and keeping the others at a
constant level. The major disadvantage of this single
variable optimization is that it does not include inter-
active effects among the variables, and therefore, it
does not depict the net effects of various parameters
on the reaction. In order to overcome this problem,
optimization studies have been carried out using re-
sponse surface methodology (RSM). The basic theoret-
ical and fundamental aspects of RSM have been
reviewed (Cochran & Cox, 1957; Giovanni, 1983;
Henika, 1982; Myers & Montgomery, 2002; Thompson,
1982). RSM reduces the number of experimental trials
needed to evaluate multiple parameters and their
interactions; therefore, it is less laborious and time-
consuming than other approaches. RSM has been
widely applied for optimizing processes in the food
industry (Batistuti, Barros, & Areas, 1991; Frank,
2001; Luciane, Hilary, Aparecida, & De Silva, 2001;
Mudahar, Toledo, & Jen, 1990; Pietrasik & Li-Chan,
2002; Shieh, Koehler, & Akoh, 1996; Yusof, Talib,
Mohamed, & Bakar, 1988).

The objective of the present study was to establish the
optimum conditions (incubation time, temperature and
enzyme concentration) for enzymatic clarification of
sapodilla juices using RSM.

2. Materials and methods
2.1. Materials

2.1.1. Enzyme source

Pectinex 3X L from Aspergillus niger was obtained
from Novo Nordisk Ferment Ltd., Dittingen, Switzer-
land and stored at 4 °C. The activity of pectinase en-
zyme is 5000 IU per ml. The commercial enzyme
contained mainly pectin transeliminase, polygalacturo-
nase and pectinesterase. Other side activities include

small amounts of hemicellulase and cellulase (Novo
Nordisk Ferment, 2001).

2.1.2. Fruits

Sapodilla fruits (Achras sapota) were obtained from
Teluk Intan, Perak, Malaysia at commercial maturity
(16-18° Brix). The fruits were first allowed to ripen for
2-3 days (19-22° Brix) at room temperature and then
frozen at —18 °C before processing.

2.2. Juice extraction

Fruits were peeled, deseeded and blended using a
Waring blender (National, model Kenwood chef,
Malaysia) for 2-3 min until a homogenous fruit pulp
was obtained. Hot water extraction was used to facili-
tate the maceration process and to help extract more
juice from the pulp. Water was added in a ratio of 1:1
(weight/volume). Juice extraction was carried out at
60 °C for 120 min. The pH and total soluble solids
of the juice obtained were 4.7 and 10.2° Brix,
respectively.

2.3. Enzyme treatment

The juice was strained through a cheese cloth. For
each experiment, about 200 ml juice was subjected to
different enzyme treatment conditions as shown in Table
1. The incubation temperature was controlled using a
water bath (Model 903, Protech Electronic, Malaysia).
The pH of the juice was maintained between 4.6 and
4.8. At the end of enzyme incubation, the enzyme was
inactivated by heating the suspension at 90 °C for
5Smin. The treated juices were centrifuged at 3000g for
10 min (Avanti J-25, Beckman Coulter, USA) and the
supernatant was collected. The juice was filtered through
a Whatman no. 1 filter paper using Eyela vacuum
aspirator (Model A-3s, Tokyo Rikakikai Co., Ltd.,
Japan) at 25 mm Hg. The juice obtained from each
sample was then bottled and pasteurized at 90 °C for
10 min.

2.4. Physical and chemical analysis

2.4.1. Turbidity

Turbidity was determined using a portable Turbidi-
meter (Model 2100P, Hach Company, Loveland, Colo,
USA) and results were reported as Nephelometric
Turbidity Units (NTU).

2.4.2. Clarity

Clarity was determined by measuring the absorbance
at 660 nm using a Shimadzu UV-VIS spectrophoto-
meter (Model UV-1201, Shimadzu corporation, Japan).
Distilled water was used as the reference.
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Table 1

Effects of incubation time, temperature and enzyme concentration on four dependent variables

Independent variables

Dependent variables

Coded variables  Uncoded variables

Treatment X, X, X3 Time (min) Temp. (°C) Enzyme conc. (%) Turbidity (NTU) Clarity (abs)  Viscosity (cps) L value
15 0 0 0 75 40 0.065 16.6 0.0260 1.39 54.55
1 —1 0 0 30 40 0.065 34.4 0.0316 1.40 52.15
9 1 -1 1 120 30 0.1 223 0.0295 1.25 53.77
15 0 0 0 75 40 0.065 16.2 0.0210 1.35 54.01
10 -1 -1 1 30 30 0.1 19.0 0.0213 1.39 53.17
7 1 1 1 120 50 0.1 18.8 0.0140 1.34 54.89
15 0 0 0 75 40 0.065 17.0 0.0290 1.40 54.21
3 0 -1 0 75 30 0.065 18.1 0.0300 1.42 54.01
8 -1 1 1 30 50 0.1 29.9 0.0270 1.34 54.00
15 0 0 0 75 40 0.065 15.0 0.0210 1.38 54.42
12 -1 1 -1 30 50 0.03 65.3 0.0658 1.40 49.36
5 0 0 -1 75 40 0.03 49.7 0.0511 1.45 51.73
15 0 0 0 75 40 0.065 14.6 0.0250 1.40 54.38
11 1 1 -1 120 50 0.03 432 0.0511 1.39 51.88
13 1 -1 -1 120 30 0.03 52.1 0.0528 1.43 51.59
2 1 0 0 120 40 0.065 21.1 0.0176 1.28 54.11
6 0 0 1 75 40 0.1 12.2 0.0168 1.25 54.25
4 0 1 0 75 50 0.065 14.8 0.0192 1.41 54.10
14 -1 -1 -1 30 30 0.03 68.9 0.0750 1.46 48.10

2.4.3. Viscosity

Viscosity was measured using a Brookfield viscome-
ter (Model LVDV-II+, Brookfield Engineering Labora-
tory, Inc., Middleboro, USA) at 100 rpm with spindle
SC4-18.

2.4.4. Colour measurement

The colour of the clarified juice was measured using a
Hunter Laboratory Calorimeter (model SN 7877, Ultra-
scan, Hunter Associates Laboratory, Inc., Virginia),
where +I’ represents lightness and —L’ represents
darkness.

2.5. Experimental design

RSM was used to determine the optimum conditions
for the enzymatic clarification of sapodilla juice. The
experimental design and statistical analysis were per-
formed using ECHIP Software Version 6 (Echip Inc.,
Hockessin, Delaware, USA).

Central composite design (CCD) was employed to
study the combined effect of three independent vari-
ables—incubation time, temperature and enzyme con-
centration—coded as X, X> and Xj, respectively. The
minimum and maximum values for incubation time
were set at 30 and 120 min, incubation temperature at
30 °C and 50 °C, while 0.03% and 0.1% for the effect
of enzyme concentration. According to Baumann
(1981), these are the key factors that influence the mech-
anism of enzyme activity in the juice. The complete
designs consisted of 19 combinations (including five rep-

licates of the center point) and were carried out in ran-
dom order (Table 1). Variance for each factor assessed
was partitioned into linear, quadratic and interactive
components were represented as shown below:

J J J
Y=bo+ > bix;+ > byxi+> > byxix;, (1)

= =1 i#j=1
where, b is the constant, b; the linear coefficient, b; the
quadratic coefficient and b;; the cross product coefficient.
x; and x; are the levels of the independent variable. The
three-dimensional plots were drawn by keeping one
variable constant at the center point and varying the
other two variables within the experimental range. The
combinations of the three independent variables to-
gether with the responses are shown in Table 1. The
responses measured were turbidity, clarity, viscosity
and colour (L value).

3. Results and discussion

Coefficient of determination, R, is defined as the ratio
of the explained variation to the total variation and is a
measure of the degree of fit (Haber & Runyon, 1977). It
is also the proportion of the variability in the response
variables, which is accounted for by the regression anal-
ysis (Mclaren et al., 1977). When R* approaches unity,
the better the empirical model fits the actual data. The
smaller the value of R?, the less relevance the dependent
variables in the model have in explaining the behavior
variation.
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Regression coefficients and R? value for four dependent variables for enzymatic clarified sapodilla juices

Regression coefficient Turbidity (NTU) Clarity (abs) Viscosity (cps) L value
b 16.449484 0.023128 1.377732 54.223608
by —0.133333" —0.000124™" —0.000667""" 0.021022"
by —0.084000 —0.000315 —0.000700 0.035900"""
by —505.714303" —0.534857" —1.600000" 49.771423"
b? 0.005229" 0.000002 —0.000015 —0.000484™
b3 —0.007113 0.000031 0.000451 —0.000556
b3 11256.049479" 10.132549™ —16.242336 —914.790594"
bi» —0.005472"" —0.000004 0.000044 —0.000189
b3 2.468254" 0.002548""" —0.007937 —0.358730""
bas 71071417 0.000393 0.050000 0.142856
R? 0.996 0.964 0.829 0.978
P 0.0000 0.0000 0.0138 0.0000
Subscripts: 1 = incubation time; 2 = temperature; 3 = enzyme concentration.

" Significant at 0.001 level.

™ Significant at 0.01 level.
™ Significant at 0.05 level.

Analysis of variance for the four response variables Turbidity temp = 41.880

(Table 2) indicated that the response surface models
developed for all the response variables were adequate.
The R? values for these response variables were higher
than 0.8, indicating that the regression models explained
the reaction well.

3.1. Turbidity

Turbidity in fruit juices can be a positive or a negative
attribute depending on the expectation of the consumers
(Hutchings, 1999). In the case of orange and tomato
juices, the juices are usually cloudy and have colloidal
suspensions. However, this cloud is desirable and
acceptable by the consumers. For clarified fruit juices,
a juice that has an unstable cloud or whose turbidity is
considered “muddy” is unacceptable to be marketed as
clear juices (Floribeth, Celsa, & Cooke, 1981).

Time and enzyme concentration significantly
(p <0.001) affected the turbidity in both linear and qua-
dratic manners. Both independent variables showed a
negative effect on linear terms but showed a positive
effect on its quadratic terms. The interaction effect be-
tween incubation time and temperature was negative;
whereas it showed a positive interaction effect between
incubation temperature and enzyme concentration
(p <0.01). The interaction between incubation time
and enzyme concentration was also significant
(p <0.001), and its effect was positive on turbidity mean-
ing that the action of enzyme was dependent on the
incubation time during enzyme treatment (Fig. 1).

According to Grassin and Fauquembergue (1999),
pectin was the main cause of turbidity. Application of
enzyme will reduce the turbidity by degrading the pectin
content in the juice. It is evident from Fig. 1 that at a
fixed temperature, the turbidity decreased with increase
in enzyme concentration. However, turbidity decreased

60

40

NTU

40

Fig. 1. Three-dimensional plots for turbidity as a function of enzyme
concentration and incubation time at 41.88 °C.

with time up to 90 min and increased thereafter. This
phenomenon may be due to the formation of haze par-
ticles that consisted of protein—carbohydrates or pro-
tein—tannin complex as time increased.

3.2. Clarity

Upon enzyme treatment, pectolytic enzymes break
down the pectin molecules, which facilitate the forma-
tion of pectin—protein flocs, leaving a clear supernatant
and significantly removing the colloidal aspect of the
juices (Alvarez et al., 1998; Yusof & Nurzarina, 1994).
Therefore, clarity is an important index of clarified juice.

From Table 2, it may be observed that clarity de-
pended on the enzyme concentration as its linear effect
was negative at p <0.001 and its quadratic effect was
positive at p < 0.01. It showed only a significant inter-
action effect between time and enzyme concentration
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Clarity

temp = 50.000

Absorbance Value

Fig. 2. Three-dimensional plots for clarity as a function of enzyme
concentration and incubation time at 50 °C.

at p <0.05 with a positive effect, therefore the incuba-
tion time was dependent on enzyme concentration.
Fig. 2 shows the clarity with enzyme concentration
and incubation time at a fixed temperature. It was clear
from the figure that absorbance value decreased with the
increase in enzyme concentration. Clarity showed the
lowest absorbance value at highest enzyme concentra-
tion. Lower absorbance values indicated a clearer juice.
Increase in enzyme concentration may increase the rate
of clarification by exposing part of the positively
charged protein beneath, thus reducing electrostatic
repulsion between cloud particles which cause these par-
ticles to aggregate to larger particles and eventually set-
tle out. It may also be observed from the figure that the
absorbance values decreased with increasing incubation
time at fixed temperature. As shown in Table 2, the lin-
ear negative effect of time at p <0.01 level was more
dominant.

3.3. Viscosity

Enzyme concentration had a negative effect on viscos-
ity at linear terms, showing a highly significant level of
p <0.001. Viscosity was significantly reduced with
higher enzyme concentration as observed in Fig. 3.
The pectinaceous substances possess a high water hold-
ing capacity and developed a cohesive network struc-
ture. Degradation of pectin by enzyme led to a
reduction of water holding capacity and therefore, free
water was released to the system to further reduce the
viscosity. Incubation time also affected the viscosity at
linear terms with a negative effect but to a lesser extent
(p <0.05). Incubation time showed a maximum viscosity
at 90 min but reduced as the incubation time increased
(Fig. 3).

Some authors (Alvarez et al., 1998; Kashyap et al.,
2001; Vaillant et al., 2001) showed that fruit juices with

Viscosity

temp = 36.140

1.40

1.35

1.30

Centerpoise (cps)

100
.80
me 60

40

Fig. 3. Three-dimensional plots for viscosity as a function of enzyme
concentration and incubation time at 36.14 °C.

high viscosity may lead to problems during the filtration
process. The formation of a highly swollen fouling layer
on the membrane surface will greatly reduce the perfor-
mance. To enhance filtration performance, fruit juices
are usually treated before filtration with enzyme prepa-
ration aimed at hydrolyzing mainly soluble polysaccha-
rides responsible for high viscosity (Cheryan & Alvarez,
1995). The decreased in the viscosity of fruit juices due
to enzymatic hydrolysis of pectin has been reported by
Urlaub (1996). Therefore the juice with lower viscosity
is preferable in the enzymatic clarification of juice.

3.4. Colour

The L value is a measure of lightness and so this
should be as high as possible for clarified juices. Colour
is an important sensory attribute (Brimelow & Groes-
beck, 1993). A dark product is usually less appealing
to the consumers as it may indicate deterioration. The
CIE system of colour measurement transforms the
reflection or transmission spectrum of the object into
three-dimensional space using the spectral power distri-
bution of the illuminant and the colour matching func-
tions of the standard observer (MacDougall, 1993). L
value generally showed similar trends as turbidity where
incubation time and enzyme concentration were the
most influential independent variables, as reflected in
the significant linear and quadratic terms (p < 0.01).
Incubation time and enzyme concentration have a posi-
tive linear effect and negative quadratic effect. The other
factor that also contributes to L value was temperature.
Temperature showed a significant positive effect
(p <0.05) at linear terms. In addition, the interaction ef-
fect of time and enzyme concentration was significant at
p <0.01 with negative effect. L value with enzyme con-
centration and time at fixed temperature is presented
in Fig. 4. A parabolic curve was obtained for the L value



318 H.N. Sin et al. | Journal of Food Engineering 73 (2006) 313-319

L value

temp = 40.000

L value

Fig. 4. Three-dimensional plots for L value as a function of enzyme
concentration and incubation time at 40 °C.

in relation to the enzyme concentration and incubation
time. This may be due to increased agglomeration of floc
as more pectin was degraded by higher enzyme concen-
tration. As time increased, the fine particles in the juice
may also slowly settle down. Therefore, it is clear that
increasing enzyme concentration and incubation time
increased the L value.

In general, enzyme concentration was the most
important factor influencing the enzyme clarification.
Its effect on all the dependent variables was significant
(p <0.001) at linear regression. On the other hand, its
quadratic regression showed significance (p < 0.01) for
L value, clarity and turbidity. Temperature was found
to be the least important since the model did not show
any significant effect on both linear and quadratic
regression. However, there was a significant effect
(p <0.05) on L value at linear regression. According to
Kilara (1982), temperature may aid in the rate of enzy-
matic clarification process as the temperature is below
denaturation temperature (40-60 °C). Therefore, mod-
erate temperature could and should be used during
enzymatic clarification of sapodilla juice.

3.5. Optimization

The optimum clarification condition was then deter-
mined by superimposing the contour plots of all the
responses. The final product would be considered opti-
mum if the turbidity, absorbance value and viscosity
were as low as possible while the L value was as high
as possible. Therefore, the criteria applied for graphical
optimization were as follows: (a) minimum turbidity (b)
minimum absorbance value (c) minimum viscosity (d)
maximum L value. The computer generated plots for
turbidity, clarity, viscosity and L value (Figs. 1-4); and
the criteria outlined above produced an optimum region

combine
temp=40.00
100 — —
£ 40 45 50 \
3.
50 —, —
&l
\ \ \
0.04 0.06 0.08 0.10
enzy. conc
enzy.con=0.1000 time=119.75 Value=5.78

Fig. 5. Contour plots for optimum combine condition as a function
of enzyme concentration and incubation time at 40 °C.

in the superimposed plot (Fig. 5). Emphasis was placed
on turbidity, clarity, viscosity and L value since they are
important indexes of the physical characteristics of the
clarified sapodilla juice. Figs. 1-4 also showed the opti-
mum conditions for each respective response. Therefore,
by overlaying all the responses, the optimum combined
condition was found to be at 0.1% enzyme concentra-
tion at 40 °C for 120 min (Fig. 5).

4. Conclusion

Statistical analysis using RSM appeared to be a valu-
able tool for optimizing the effects of incubation time,
temperature and enzyme concentration on enzymatic
clarification of sapodilla juice. The response surface
and graphical optimization methods lead to a better
understanding for optimizing the clarification process.
The recommended enzyme clarification condition was
0.1% enzyme concentration at 40 °C for 120 min.
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