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Abstract

Palm juice from palm tree (Borassus flabelliffer) is a seasonal and low priced drinking juice in
many of the countries like India. In our present study it has been used for palm wine production.
Using a batch fermentation process, Saccharomyces cerevisiae (NCIM 3045) was cultivated
in palm juice and different physical parameters such as temperature, pH and time have been
varied to maximize the yield of wine. The fermentation process was standardized by statistical
methods. Response surface methodology (RSM) based on the 23 factorial central composite
design (CCD) was applied to determine the optimum conditions for the maximum yield of
ethanol with the variation of temperature and pH. The highest yield of ethanol concentration of
was obtained at 32°C and pH 5.5 after 48 h of fermentation. The model showed that the value of
R?(0.9973) was high and p- value of interaction of variance was < 0.005. Hence the model can
be said to be of high significance. Highest concentration of ethanol obtained by fermentation

was found to be 82.3 g/l.

Response Surface
Methodology (RSM)

© All Rights Reserved

Introduction

Wine is a fermented beverage made from various
fresh fruits and vegetables. For the global fruit wine
industry, Europe and China has taken the place for
the largest fruit wine industry (Wang et al., 2004).
In Asia India has been taking an important role
for the production of the palm wine, produced by
alcohol fermentation of palm juice which has been
collected from the palmyra palm tree (Jirovetz et al.,
2001). The palmyra palm (Borassus flabelliffer), a
multipurpose tree of great utility, occurs extensively
in states of Tamil Nadu, West Bengal and other
places in India (Davis et al., 1987). This plant has a
commercial and medicinal value. Various parts of the
plant body like leaves, timber, fruits serve different
purposes in our life. The palm sugar can be produced
from the palm juice by boiled down into syrup or
crystallized into a palm sugar called jaggery in Hindi
(Rao et al., 2009). Toddy is also another fermented
product produced from palm juice. The juice that
has been collected without lime being added to the
receptacle is called toddy. Toddy is considered as
a non-beverage by modern medicine because of its
yeast and other atmospheric contaminated organism
content, but it is drunk by individuals occupying the
lower socioeconomic classes in India. Toddy is used
as a leavening agent in bread making and in “appam,”
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a type of pancake made with rice flour (Davis et al.,
1987). The plant possesses stimulant, anti-laprotic,
diuretic, antiphlogistic properties. It has been claimed
that the fruit contains some medicinal properties and
acts as stomachic, sedative and laxative. The juice
contain sugars, proteins, lipids, vitamin A, B-complex,
vitamin C and others minerals (Barh er al., 2008).
It has anti-inflammatory effects (Nadkarni 1954;
Vaidyaratnam 1994; Kapoor 2000). It has also been
reported to possess immunosuppressant properties
(Revesz et al., 1999). The recent investigation
has been carried out to find the effect of ethanolic
extract of male flowers (inflorescences) of Borassus
flabellifer for its anti-inflammatory activity in rodents
(Paschapur et al., 2009).

The fermentation can be carried out with the
help of wine yeast (Saccharomyces cerevisiae) to
catalyze the rapid and efficient conversion of sugar
to alcohol. The activity of the yeast is influenced by
temperature and pH of the environment. Temperature
controls yeast metabolism and growth rate (Torija et
al., 2003). The carbon and nitrogen source utilization
depend on the temperature which influences the
production of ethanol. Effects of pH on yeast vary
depending on strain specificity. Metal toxicity and
inhibition of yeast activity depend on the pH of the
medium (da-Silva et al., 2009).

The objective of this paper was to optimize the
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fermentation conditions for production of palm wine
from Indian palm juice (Borassus flabellifer). The
statistical model i.e. Response Surface Method (RSM)
was used in this study to see the aggregated effect of
several variables such as temperature, pH and time
and to seek optimum conditions for a multi-variable
system. The Central Composite Design (CCD)
(Murthy et al., 2000; Ambati et al., 2001) was used
for predicting the optimization of the different factors
that play an important role in ethanol production.

Materials and Methodology

Chemicals

Dextrose (GR), KH2PO4, K2HPO4, MgSO4.
7H,0, FeSO,. 7H,0, and Urea, were all purchased
from Merck, India. Glucose, Yeast extract and
Peptone were purchased from (Himedia, India), DN'S
reagent was of Merck, India.

Microorganism and culture preparation

A stock culture of Saccharomyces cerevisiae
(NCIM 3045) was procured from National Chemical
Laboratory (NCL) Pune, India. The culture media
consisted of 0.3 malt extract, 1.0 glucose, 0.3 yeast
extractand 0.5 peptone all in g/100 mL. The organisms
were grown at a temperature of 30°C and pH 6.5.
The incubation period was 48 h. After incubation the
culture was stored at 4°C in a refrigerator.

Preparation of fermentation media

The palm juice was collected from rural areas
of West Bengal, India. It was preserved at —50°C in
an ultra low temperature freezer (Model C340, New
Brunswick Scientific, England). For fermentation,
carbon, nitrogen and other trace elements were
added to palm juice in appropriate quantities. The
composition of the fermentation media (g/100 ml)
was- palm juice 100 ml, glucose 1g, Urea 0.3g,
KH,PO4 0.05g, K,HPO, 0.05g, MgSO,. 7TH,0 0.05g,
FeSO,. 7H,0 0.001g. Fermentation was carried out
in a 250 ml flask. The pH of fermentation medium
was adjusted by ammonium solution (1:1) and 2(N)
HCI solution as per experiment before autoclaving.
After autoclaving, 100 ml of fermentation media was
inoculated with the yeast culture, the concentration
of yeast cells in OD was 1.3. The temperature was
also maintained at different range as per experiment.
The incubation time was 3 days under semi-
anaerobic conditions. The samples were withdrawn
at appropriate time intervals for the analysis.
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Estimation of ethanol, sugar and protein
concentration

A 5 ml aliquot of fermented sample was
centrifuged (Remi C-24, Mumbai, India) at 10000
rpm for 10 min. The supernatant solution was used
to determine the ethanol concentration by Gas
Chromatography (Perichrom SGE D11, column BP1-
dimethyl polysiloxane). The absorbance of the sugar
solution was determined using a spectrophotometer
(Model 2800, Hitachi, Japan) at 540 nm by DNS
method (Miller 1959). Protein was estimated by
Lowry method at 650 nm (Wilson et al., 2000).

Estimation of biomass concentration

The biomass concentration was determined by
the dry weight method. The cells were separated by
centrifuging at 3500 rpm for 20 min consecutively
twice with distilled water. The cells were dried at 65°C
for 2 days. Dilutions of the culture were also made
and the absorbance was measured. The calibration
curve correlating absorbance and dry weight gave a
straight line (Raychaudhury et al., 2003).

Total soluble solid

To determine the TSS (% w/v) using a
refractometers (Models 0-32 °Brix, Erma, Japan)
having resolution 0.1 “Brix (% w/v) for each.

Estimation of metals

Raw juice sample was centrifuged at 10000 rpm
for 10 min; the supernatant solution was used to
determine the concentration of Zn and Cu by atomic
absorption spectrophotometer (Chemito AA 203,
Ireland).

Estimation of ascorbic acid

Ascorbic acid content was measured using the
2,6-dichlorophenol-indophenol  spectrophotometric
method (Rangana 1986).

Response surface methodology

Response surface methodology (RSM), an
empirical modeling technique was used to estimate
the relationship between a set of controllable
experimental factors and observed results (Lee et al.,
2003; Li et al., 2002). It is one of the most popular
statistical optimization techniques in the field of food
science and technology because of its comprehensive
theory, responsibly high efficiency and simplicity
(Arteaga et al., 1994; Gacula 1984). In the RSM, the
Central Composite Design (CCD) is a most common
experimental design which has equal predictability
in all directions from the center (Liu et al., 1998;
Reddy et al., 2000). The CCD are optimized designs
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Table 1. Interactions of the independent variables as shown by the
central composite design matrix

Run X1(°C) Xz Xzth) Ethanol(g/1)
Observed Predicted

1 32(0) 55000 48(0) 79.02 79.83
2 34 (+1) 450(-1) 36(1) 3890 36.68
3 32(0) 73530(+2) 48(0) 0763 06.31
4 32(0) 550(0) 48(0) 8230 79.83
5 30 (-1) 450(-1) o60(1) 4811 45.80
6 32(0) 35000 48(0) 79.02 79.83
7 34 (+1) 6530 (+1) 36(-1) 38.20 40.26
8 32(0) 55000 T2(H2) 5852 39.18
9 28 (-2) 550(0) 48(0) 0723 06.92
10 32(0) 550(0) 48(0) 79.02 79.83
11 32(0) 3350(0) 24(-2) 3356 S5E] 5
12 30 (-1) 650 (1) 60 (+1) 3511 37.08
13 36 (+2) 550(0) 48(0) 2645 27.01
14 30(-1y 630(+1) 36(-1) 23.00 22.66
15 34 (+1) 450(-1) 60 (+1) 48.20 4829
16 32(0) 33000 48(0) 8036 7983
17 32(0) 350(-2) 48(0) 09.89 11.45
18 30(-1) 4501y 36(1)y 2514 26.20
19 32(0) 335000 48(0) 79.02 79.83
20 34 (+1) 6.530 (+1) 60 (+1) 48.00 46.69

*Experimental results were average of three replications

for fitting quadratic models and the number of
experimental points in the CCD is sufficient to test
statistical validity of the fitted model and lack of fit
of the model (Arteaga et al., 1994).

Central Composite Design was used in the
fermentation optimization of the palm wine
production from the palm juice. The three different
parameters, temperature, pH and time were chosen as
main independent variables and designated as X, X,
and X, respectively. Each parameter was studied at
three different levels (—1, 0, +1). All parameters were
taken at a central coded value considered as zero.
The ranges of alpha values of these variables used
in the experimental design are given in Table 1. The
ethanol concentration (Y, g/l) was used as dependent
output variable. With the three independent variables
20 experimental sets were chosen to optimize the
parameters. The minimum and maximum ranges of
parameters were investigated and the full experimental
plans with respect to their values in actual and
coded form are listed in Table 1. This resulted in an
empirical model that related the response measured in
the independent parameters. All tests were performed
in triplicates and the data represented is a mean of the
three. The coefficients of the polynomial model were
calculated using the following equation-

n n n
Y=B0+Y piXi +X BijXiXj +3 pjjXj2
i=1 i<j j=1

where Y represent the predicted response, i and j
are linear and quadratic coefficients respectively, P is
the regression coefficient, n is the number of variables
studied in the experiments.

Inour present study, the statistical software Design
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expert, (Version 7.1.6, Sat-Ease, Inc, USA) was used
for regression analysis of the data obtained and to
estimate the significance of each coefficients of the
regression equation. The fit of the regression model
attained was determined by adjusted coefficient (Radj).
Appropriate model significance was determined by
Fischer’s F-test. The three dimensional graphical
representation and their respective contour plots were
determined by the interaction of dependent variable
and the independent variables.

Results and Discussion

The palm wine fermentation was carried out
by controlling various physical factors which were
important for production of ethanol. The composition
of the palm juice was analyzed and found as 16.80
Brix, reducing sugar 8.88 g/L, protein 0.66 g/L,
ascorbic acid 20.11 mg/L and metals Cu and Zn
0.0013 and 0.0001 g/L respectively, these results
more or less similar with reported results by Rao et
al, (2009) and Bhar et al. (2008). In this study, first
the temperature was optimized while when pH was
kept constant (the unadjusted pH of raw juice was
6.1-6.5) and on the other hand, pH was optimized
under optimized temperature conditions. The palm
juice contain total soluble solid was 16.8 Brix, it was
considered as total sugar it means that total sugar
concentration of the palm juice was 168 g/L (Naknean
et al., 2010). During the fermentation initial sugar
concentration was 168 g/L and again 10 g/L dextrose
was added for enhance the initial yeast growth. After
optimizing temperature and pH, these two factors was
interacted to each other with time were studied by the
RSM method at the same composition fermentation
medium.

Temperature optimization in palm wine fermentation

In batch fermentations, the fermentation process
is influenced by the temperature. But temperature
tolerance for growth of yeast and fermentation is
strongly strain dependent (Rousseau et al., 1992).
In the palm wine fermentation, initially, ethanol
production was high at 34°C upto 24 h but after 48
h, highest ethanol was obtained at 32°C was 76.7
g/L. The reason was that after a period of time this
high temperature (34°C) inactivated the yeast cell.
Therefore, initially the rate of ethanol production at
34°C was higher than 32°C, but gradually the yeast
activity increased at 32°C with time. It was reported
that ethanol producing yeast could grow rapidly at
temperature 25-33°C and again ethanol production
was high at 30-37°C (Ozcelik et al., 1996). At 36°C
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and 28°C, it was not favorable temperature for our
yeast strain therefore at these stress conditions ethanol
productions was lowest. At 30°C, the yeast cell was
moderately activated and ethanol concentration was
gradually increased with time upto 48 h. Therefore the
yeast cells were very much affected by temperature.
Temperature controls the cell viability, growth rate,
exponential phase, enzyme activity and membrane
function (Torija ef al., 2003).

PpH optimization in palm wine fermentation

To study the influence of pH on palm wine
fermentation, experiments were carried out at
different pH values to optimize the conditions
for maximum enzyme activity of Saccharomyces
cerevisiae for palm wine production. The growth
of biomass and ethanol production was highly
affected by variations in pH. The highest ethanol
was obtained at pH 5.5 was 80.5 g/L, at temperature
32°C and incubation time was 48 h, this result also
supported by Bennett et al., 1998 (Law et al., 2011).
The ethanol production at pH 3.5 was lowest. At pH
6.5, ethanol concentration was higher than pH 4.5.
On the third day, the ethanol production rate slowed
down with respect to the second day for all the pH
values studied. Prior research work (Narendranath et
al., 2001) states that the yeast growth was affected
by environmental pH which was controlled by acetic
acid or lactic acid produced by yeast. In such cases,
consumption of sugar and production of ethanol were
reduced along with decrease in the growth of yeast.
The increase in biomass production is dependent on
both pH and temperature. The maximum biomass
(6.7 g/L) was obtained at pH 5.5 and temperature
32°C for 48 h. In both cases of pH 3.5 and pH 4.5,
biomass increase was comparatively lower but steady
throughout. It may be due to the presence of sufficient
nutrients in the fermentation media till the third day
as the growth rate was low. On the other hand for
pH 5.5 and pH 6.5, the rate of biomass production
significantly decreased after the second day due to
high initial growth and later of nutrient deficiency in
the medium.

RSM analysis for the palm wine fermentation
Statistical significance of palm wine fermentation
model is explained by analysis of variance (ANOVA).
Nature of fit of the regression model is determined
by the adjusted co-efficient of determination (R?, dj).
The high value of R*, 4 0:9948 indicates the goodness
of fit of the regression equation. The predicted co-
efficient of determination (RZpre ») value was 0.9838.
The Rzpre . Will decrease when there are too many
insignificant values in the model. As per thumb rule,
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Table 2. Statistical significance of regression coefficient of palm wine
production

Factor Coefficient StandardEmor ~ Fvalie  povalue

Intercept 7983 073

Temperature 502 047 11361 <0.0001
pH 129 047 14 0.0213
Time 631 047 190.56 <0.0001
Temperature x pH 178 067 3 00235
Temperature x Tme -00 067 89 0.0134
pH Time 129 067 Nl 00807
Temperature x Temperature 572 038 171474 <0.0001
pHapH 114 038 0548 <0.0001
Time x Time 442 038 30116 <0001

these values should be within 0.2 of each other. Here
the difference was less than 0.2 and so the model was
significant. The probability of p-value for models of
less than 0.05 indicate that models were significant,
p-value less than 0.0001 indicate the models were
highly significant and p-value greater than 0.1000
indicate the models were not significant. So our
model p value was <0.001 it was significant. The
words lack of fit refers to the fact that the simple linear
regression model may not adequately fit the data.
There is evidence that the simple linear regression
model is not appropriate because the treatment means
do not appear to have a straight-line relationship with
the amount of the treatment factor. If the p-value
for lack of fit of model is significant (p<0.05), then
a more complex model would be required (Banik et
al., 2007). Our p value for lack of fit of model was
insignificant it indicted that our experimental model
system was statistically significant.

Applying the multiple regression analysis on
the experiment, the response variables and the test
variables are related by following second order
polynomial equation:

Y=+79.93+5.02X,-1.29 X, +6.51 X, +1.78 X, X, -2.00
X, X,-129 X, X, - 1572 X *-17.74 X} 8.42 X ?

Table 2 shows the response of the variables
temperature, pH, time, temperature?, pH?, time? and
temperature X pH, temperature x time were significant
with p-value of less than 0.05. For pH x time, p-value
was > 0.05 and therefore this value was insignificant.
But most of the values were significant, and thus the
whole model was significant. Actually temperature,
pH and time were linear term of the model and had
high influence on palm wine fermentation therefore
their p value were significant (Table 2). But effect of
these three variables in interactive term of the model
i.e. (temperature x pH, temperature x time) here
significant, but p value for (pH x time) was 0.0807
hence insignificant. It means that 91.93 %, of the
model was affected by this interactive relationship.
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Figure 1(a-c). 3D Response surface and contour plot showing the
effect of pH, temperature and time on the production of ethanol by
Saccharomyces cerevisiae

It can be said that pH and time have effect on
model but have been statistically low than the other
relationships. And the quadratic term of the model,
the temperature?, pH? and time? are shown in  Table
2, their p value were highly significant i.e. 0.0001.
It means that the temperature, pH and time play
a significant role in ethanol production in terms of
quadratic relationship.

Interaction of factors and optimization of palm wine
fermentation

The response surface and the contour plot show
the conditions for ethanol production. The interaction
between the two variables and their optimum level
can be determined from Figure 1a which shows the
interaction between the two variables i.e. temperature
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and pH. It was found that with increase of pH and
temperature, ethanol production is increased. But
beyond a certain limit, upto temperature 32°C and
pH 5.5 with increase in temperature and pH, ethanol
concentration is decreased. Actually wine yeast is
very particular for their optimum condition (Torija
et al., 2006). This optimum condition is also varying
with strains. The midpoint of the curve showed that
maximum production of ethanol was obtained at pH
5.5 and temperature 32°C.

Figure 1b shows the interaction between
temperature, time and their effect on ethanol
production. The temperature 32°C and 48 h are the
optimum conditions for highest ethanol yield. Longer
incubation time with high temperature also decreases
the production of ethanol in the fermentation. Again
at optimum temperature for long time incubation the
ethanol concentration was also decreased because
ethanol was utilized by the yeast. It was indicated that
at 32°C optimum temperature after 48 h incubation
maximum ethanol production could be attained.

Figure 1c shows the interaction between pH and
time and the optimum pH for the highest ethanol
production was 5.5. Low pH and long time incubation
decreased the production level. The enzyme activity
was influenced by surrounding pH. The hexokinase
and alcoholdehydrogenase these two enzymes present
in yeast which are most important for glycolysis and
ethanol production. Both the enzyme activity was
influenced by pH (Kalinman 1975; Kumar et al.,
2004). But in vivo, these enzyme activities vary
depend upon mutant strain also. According to the
response surface graph, at pH 5.5 and 48 h incubation
time ethanol produced was the highest. From the
experiments, the highest yield of ethanol production
was obtained as 82.3 g/l with pH-5.5, temperature 32
°C and time 48 h.

Conclusions

A cheap source of raw material, palm juice
was used for ethanol production. The effect of
temperature and pH with time on the palm wine
fermentation was studied. Optimum pH and
optimum temperature enhance fermentation with
Saccharomyces cerevisiae and as a result increase
ethanol production. The statistical optimization of
palm wine production was carried out using RSM
based on the 23 factorial CCD. The experimental
design and regression analysis was done to study
the effect of temperature, pH and time on palm wine
fermentation. It was found that temperature, pH and
time in terms of linear and quadratic relationship
significantly influenced the ethanol production from
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palm juice. The experimental values and predicted
values (Table 1) were close to each other; hence
optimum conditions for this particular fermentation
with this strain of Saccharomyces cerevisiae (NCIM
3045) were temperature 32°C, pH 5.5 and time 48 h.
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