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ABSTRACT

Fermentation by using Saccharomyces cerevisiae is a potential method to produce the
Virgin Coconut Oil (VCO). A parametric study using Box-behnken design was used to evaluate
interaction effect of stirring speed, inoculum concentration and fermentation time on the percentage
of oil recovery. The results indicated that fermentation time is most significantly affecting the rate
of oil recovery. The surface and contour plots show that the oil recovery is gained up to 88.607%
for stirring speed of 175-250 rpm, inoculum concentration of 0.2-0.3% (w/v), and fermentation
time of 16-24 hours. GC analysis results indicate that the high lauric acid content of 53.0249%, is
obtained when stirring speed of 200 rpm, inoculum concentration of 0.3% (w/v) and fermentation
time of 24 hours. A parametric study has been successfully implemented in the production of VCO
using fermentation method with the coefficient of determination (R2) of 97.57%.
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INTRODUCTION

Coconut oil is well accepted by the
consumer as a functional food oil, and the demand
for this oil in baking industries, processed foods,
infant formulae, pharmaceuticals, and cosmetics
continues to increase1,2,3. Recently, the trend
towards producing coconut oil is no longer through
a dry process, that is refining bleaching and
deodorizing process (RBD process), but rather
through a wet process, which coconut oil was
extracted from coconut milk4,5. This process

appears more desirable due to the free usage of
chemical solvents, thus environmental friendly than
the solvent extraction. The coconut oil resulting
through a wet process is called Virgin Coconut Oil
which is more beneficial since the mode of extraction
retains more biologically active components such
as vitamin E and polyphenols6,7.

VCO contains more than 90% of saturated
fatty acids, and more than 70% are medium chain
triglyceride (MCT), which is  more rapidly absorbed
and hydrolyzed in the body8. These properties make
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MCT preferred carrier for flavors, vitamins,
essences, and colors and can be further processed
into emulsifier and biodiesel6,9. VCO with more than
50% lauric acid has been proved that the body could
convert it into monolaurin. Monolaurin is
antimicrobial and antiviral activity. Moreover, it is
used as anti obesity treatment10,11,12.

VCO manufacturing technology through a
wet process is diverse, namely enzymatic,
fermentation and centrifugation1,3,4. Some are
considered as an inferior quality product, which
indicated by high moisture and free fatty acid
content13. This product is easy to be rancid, turned
brown and exhibited relatively short lifetime.
Fermentation process has more beneficial and
safety effect rather than other wet process
methods14,15. Coconut milk fermentation process
using minimal energy produces VCO with low
rancidity, longer shelf life, bright color and the
aromatic is typical of coconut oil2,10.

Saccharomyces cerevisiae is a potential
microbial starter for extracting VCO through
fermentation system. S. cerevisiae is mold and able
to separate the layers of fermented in a short time16.
During the fermentation process, the microbe
produces enzymes protease and lipase. This
enzyme acts as a breaker of molecules contained
in coconut milk to produce coconut oil6.

Fermented coconut milk has been affected
by several parametric factors namely pH,
temperature, stirring speed, inoculum concentration,

fermentation time, and types of bacteria2,4,5,15. So
far, the effect of each variable on the yield of VCO
produced has been reported widely. However, the
effect of the interaction of parametric factors
simultaneously to yield VCO is still limited.

This study is aimed to observe the impact
of three major factors affecting the fermentation of
coconut milk; they are the stirring speed, the
concentration of inoculum added to the process,
and fermentation time. The methods of observations
were carried out simultaneously to obtain the effect
of the interaction of parametric factors and the
optimum conditions that could be achieved17,18.
Optimization is one of the most important
engineering tools for creating a process that is

economical, safe, and environmentally benign
throughout the whole lifetime of the plant19,20.

Interaction effects were observed using
RSM with the Box-Behnken design. RSM is a
sequential procedure with an initial objective to lead
the experiments rapidly and efficiently to the general
vicinity of the optimum. RSM is preferred because
of its responsible high efficiency, and it can
simultaneously consider several factors at many
different levels and corresponding interactions
among these factors using a small number of
observations16,21. Through these methods, the effect
of interactions on every two factors to response
variable (the percentage of oil recovery) is observed.

Bearing the explanation above, the
objectives of the study reported in this paper are to
develop a response surface method using Box-
Behnken design and to evaluate the interaction
effect of three dominant parametric factors that can
be increased VCO production in the fermentation
process using Saccharomyces cerevisiae.

MATERIALS AND METHODS

Materials
Uniformly sized of a 12  month  matured

nuts were collected from the local market where the
study was carried out. Yeast (Saccharomyces
cerevisiae) was a commercial yeast namely Le
Saffre® from PT. Saf Indonusa, Indonesia. All
chemicals and solvent used were of analytical
grades.

Experimental design
RSM with Box-Behnken design was used

to analyze the interaction effect between the variable
of fermentation of coconut milk. The Minitab 17® trial
version software (Minitab Inc. USA) was used for

design and regression analysis of the experimental
data. The experimental design was carried out by
three independent parameters with three levels (-
1, 0, +1) as shown in Table 1. The independent
parameters were as follows: stirring speed (rpm),
inoculum concentration (% w/v), and fermentation
time (h). The response (dependent parameter) was
oil recovery(%). A Box-Behnken design and three
replications at the center point (leading to a total
number of 15 experiments) were employed for
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optimization of fermentation condition. The
experimental data were analyzed by RSM to fit the
second-order polynomial equations 22.

Fermentation of coconut milk
The endosperm of mature coconut was

made into a viscous slurry and squeezed through
cheese cloth to obtain fresh coconut milk. Fresh

coconut milk was added to distilled water with the
ratio of 1:1 and then it was extracted for 30 min. in a
separation funnel to produce two layers. The bottom

layer was water (skimmed), and the upper layer
was coconut milk. Both layers were then separated.
In the coconut oil, the acetate acid was added to

increase pH 4. Then, the coconut oil was stirred at
100-300 rpm for 20 minutes. At the time of stirring,
the S. cerevisiae 0.1-0.3% (w/v) was added. The

mixture was then left to stand for 8-24 h at room
temperature.  As the layers of oil and water became
separated, the upper oil layer was directly decanted.

The acquired oil was prepared in duplicate and
kept refrigerated until further use. This procedure
was modified from the method of Prapun et al.,4

and Mansor et al.,10.

Oil recovery
The determination of oil recovery was

calculated according to the initial oil content in the
coconut milk to the oil extracted10.  The official AOAC
Soxhlet method23 and Gerber method using Gerber
butyrometer24 were applied to ascertain the oil
content in the coconut milk. The oil recovery was
determined by the following equation4,10.

Table.1:  The independent variables, levels, and factorial design in term of coded and actual,
together with the experimental values

                                              Coded (Actual) Variables

Test run Stirring speed, Inoculum concentration, Fermentation time, Oil recovery,
 X1 (rpm) X2 (% w/v)  X3 (h) Y (%)

1 -1 (100) -1 (0.1) 0 (16) 44.75
2 1 (300) -1 (0.1) 0 (16) 78.34
3 -1 (100) 1 (0.3) 0 (16) 71.34
4 1 (300) 1 (0.3) 0 (16) 82.98
5 -1 (100) 0 (0.2) -1 (8) 30.58
6 1 (300) 0 (0.2) -1 (8) 40.26
7 -1 (100) 0 (0.2) 1 (24) 73.84
8 1 (300) 0 (0.2) 1 (24) 91.25
9 0 (200) -1 (0.1) -1 (8) 43.64
10 0 (200) 1 (0.3) -1 (8) 65.27
11 0 (200) -1 (0.1) 1 (24) 82.82
12 0 (200) 1 (0.3) 1 (24) 92.73
13 0 (200) 0 (0.2) 0 (16) 85.94
14 0 (200) 0 (0.2) 0 (16) 91.32
15 0 (200) 0 (0.2) 0 (16) 88.56

Fatty acids analysis
Fatty acid composition in VCO was

analyzed by Gas Chromatography instrument
(HP6890) equipped with a flame ionization detector
(FID) and a high-temperature 190-200oC, flow rate
1.0 cm/s, fused silica capillary column (3 m length),
and volume of sample injection was 4 four μL [5].
Fatty acids were identified by comparing their
retentions times with those of individually purified
standards.

Statistical analysis
The experimental data in Table 1 were

analyzed by response surface regression

(1)
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procedures of Minitab 17® trial version software to
fit the following second-order polynomial equation
of the form:

The regression analysis taken shows that
the second-order polynomial model is an adequate
representation of the actual relationship between
the response and significant parameters with small
p value (<0.05) and satisfactory coefficient of
determination (R2). The high value of R2 = 0.9757
means that the quadratic regression model can be
employed to explain the fermentation process. The
smaller the p values the significant is the
corresponding variables18,20.

Fig.1. Surface and contour plot of oil recovery, Y
(%), as function of inoculum concentration, X2 (%
w/v) and stirring speed, X1 (rpm) at fermentation

time, X3 = 16 hours

The analysis also shows that the most
important factors are the linear term of the stirring
speed (X1) and fermentation time (X3) and the
quadratic term of stirring speed (X1X1) and
fermentation time (X3X3). The linear term of inoculum
concentration (X2), the interaction between stirring
speed and inoculum concentration (X1X2), and
inoculum concentration and fermentation time (X2X3)
are significant but less important. The interaction
between stirring speed and fermentation time (X1X3)
and the quadratic term of inoculum concentration
(X2X2) do not produce a significant effect on the VCO
production within the designed intervals.

(2)

where Y  = oil recovery  (%) ; X1 = stirring
speed (rpm); X2 = inoculum concentration (% w/v);
X3 = fermentation time (h);  b0 = intercept (constant);
bi = linear coefficient;  bii = quadratic coefficients; bij

=cross product coefficient20. The regression
analysis, statistical significance and response
surfaces were done using Minitab 17® trial version
software package.

RESULTS AND DISCUSSION

The production of VCO from coconut milk
using S. cerevisiae was performed. These microbes
are expected to separate the layers of fermented in
short time. During the fermentation process, S.
cerevisiae would produce the enzymes protease
and lipase, which would break down the protein
molecules surrounding the oil in coconut milk3,10. In
this period the oil phase would be separated to the
liquid phase.

Optimization of VCO production by regression
analysis

Acquisition of coconut oil through a
fermentation process is generally low14. Hence, it is
important to improve the acquisition by studying the
relationship between the parameters, in which
significantly influence the fermentation process.

In the present study, the levels of parameters
(stirring speed, inoculum concentration and
fermentation time) and the effect of interaction on
fermentation process are determined by the Box-
Behnken design of RSM. Table.1 shows the
independent parameters, levels, and factorial
design in term of coded and actual and the
experimental values as well. Out of total 15
experiments, the treatment number 12 (stirring
speed 200 rpm, inoculum concentration 0.3%
(w/v), and fermentation time 24 h) provides the
greatest yield (92.73%). Where as the treatment
number 5 (stirring speed 100 rpm, inoculum
concentration 0.2% (w/v), and fermentation time
8 h gives the lowest yield (30.58%).
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Fig.2. Surface and contour plot of oil recovery, Y
(%), as function of fermentation time, X3 (h) and

inoculum concentration, X2 (% w/v) at stirring
speed, X1 = 200 rpm

Y=88.607+9.040X1+7.846X2+20.111X3
_5.488X1X2

_2.93X1X3
_15.693X2

1
_13.931X2

3     (3)

The best fitting of response function can
be described by Eq. 3.

Fig. 4. GC Spectra of fatty acid composition of the VCO produced by
fermentation method

where Y is the percentage of oil recovery,
and X1, X2, X3 are the stirring speed, inoculum
concentration and fermentation time, respectively.

Analysis of the response surface
To study the effect of the three parameters

as well as their interactions on the fermentation of
coconut milk, response surface, and contour plots
are generated using software Minitab 17® trial
version, as shown in Fig.1-3. The two-dimensional
contour plot describes the interactive effect between
a pair of independent parameters with the other
one maintained at the respective zero level.

Figure.1 shows the VCO synthesis
interactive effects of inoculum concentration and
stirring speed. The surface plot in Fig.1 indicated
that the oil recovery could be achieved up to 90%
at the middle level stirring speed and the highest
level of inoculum concentration. Contour plot in Fig.1
illustrates more clearly that the increase of inoculum
concentration and stirring speed both of them
increases the percentage of oil recovery. In the
range of observed values, further increasing the
stirring speed reduces the amount of oil recovery.
As the result of analysis of variance, the contour
plots in Fig.1 shows a significant interaction
between inoculum concentration and stirring speed.
The optimal oil recovery is around 90% at inoculum
concentration 0.2-0.3%  (w/v) and stirring speed
175-250 rpm.
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When the inoculum concentration rises,
there is more S. cerevisiae is available to produce
the proteolytic enzymes. The function of enzymes is
to separate the peptide bonds of proteins in coconut
milk. The more proteolytic enzymes, the more the
oil can be extracted from the protein clumps4,15,.
Hence, the higher percentage of oil recovery can
be produced.

As for the stirring speed, an optimum speed
of stirring is needed to get the maximum mass
transfer. The increasing of stirring speed is initially
aimed to increase the mass transfer through the
increasing of fluid turbulence. However, in Figure 1,
it can be seen that further increasing of stirring speed
decreases mass transfer. It is indicated by, the
decreasing of oil recovery percentage. It is due to
the fact that after gaining the optimum value in which
the coconut oil has been produced the maximum in
the mixture, the viscosity of the mixture is increased
and thus, the laminar flow is occurred (Reynolds

number is low). The laminar flow means reduced
mass transfer. Although the stirring speed is an
increase, it cannot increase the yield of coconut oil
and it fact, and the oil recovery is reduced. The result
is consistent with that report of Bregas et al.,25 the
increasing of stirring speed ends with the decreasing
the oil mass transfer coefficient.

The relationship between fermentation
time and inoculum concentration with oil recovery
is shown in Fig.2. The data were obtained at the
stirring speed of zero level (constant at 200 rpm).
The surface plot indicates that the inoculum
concentration is significantly increasing the oil
recovery to the fermentation time. It is also proved
by the contour plot shown in Fig.2 that the oil
recovery is optimum at the inoculum concentration
of 0.15% (w/v) and fermentation time more than 20
hours. For fermentation time of 15 h, the optimum
oil recovery can be obtained when the inoculum
concentration is maximum (0.3% w/v).

From these results and for the economic
reason, the optimum fermentation to produce VCO
can be concluded at the inoculum concentration of
0.15% (w/v) and the fermentation time of 18 hours.
Under this condition, the oil recovery can be
obtained about 90%.  In short, it is the best
compromise state among the optimum results where
there is worth amount of inoculum concentration
and the short of fermentation time.

The addition of S. cerevisiae as inoculum
uses carbohydrate in the coconut milk as the primary
energy source. As a result, the coconut milk substrate
is broken because the bonding among
carbohydrate, fats, and protein becomes loose and
finally detached26,27. Also, when S. cerevisiae
hydrolyze the carbohydrate (glucose), then acetic
acid and water are produced. In the final process,
there are three layers are created, they are water in
the bottom layer, oil at the mild layer and clumps of
protein at the top layer. Moreover, the acid can
detach the bonding of fats and proteins, and thus,
the more fats are released from protein10. Based on
this facts, the increasing of fermentation time and
inoculum concentration resulting in the increasing
of oil recovery but fermentation time and inoculum
concentration should be standby at the optimum
value in order to avoid the examine water produced
as “side product.”

Fig.3. Surface and contour plot of oil recovery, Y
(%), as function of fermentation time, X3 (h) and

stirring speed, X1 (rpm) at inoculum concentration,
X2 = 0.2% (w/v)
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From Fig.2, it can be concluded that
inoculum concentration of 0.15-0.3% (w/v) and
fermentation time of 15-24 h, are the useful condition
for the production of VCO. The result of the study
shows a similar agreement to Neela14 and Aladin
et al.,27. They reported that for fermentation using
Lactobacillus sp., the usage of inoculum
concentrations exceeding its optimum value ended
with the low quality of VCO product.

The relative effect of fermentation time and
stirring speed on the percentage of oil recovery can
be explained in Fig.3. In this study, the fermentation
time was carried out from 8 to 24 h and stirring
speed of 100-300 rpm at a constant inoculum
concentration of 0.2% (w/v). Percentage of oil
recovery increases from low to high level of
fermentation time and the low level of stirring speed.
But after 18 h of fermentation time, increasing the
fermentation time do not increase the percentage
of oil recovery. For fermentation time below 15 h,
the increasing of stirring speed, in the beginning,

Table.  2:  Fatty acid composition of the VCO produced by fermentation method

Peak Type of fatty acid Retention time Composition Standards APCC
(min) (%) for VCO (%)28

1 C6 (Caproic) 3.264 0.0571 0.4-0.6
2 C8 (Caprylic) 6.007 4.5892 5.0-10.0
3 C10 (Capric) 9.981 5.7501 4.5-8.0
4 C12 (Lauric) 13.640 53.0249 43.0-53.0
5 C14 (myristic) 16.569 19.6641 16.0-21.0
6 C16 (Palmitic) 19.133 8.4652 7.5-10.0
7 C18 (Stearic) 21.425 2.1247 2.0-4.0
8 C18:1 (Oleic) 21.716 5.2182 5.0-10.0
9 C18:2 (Linoleic) 22.260 1.0755 1.0-2.5
10 C20 (Arachidic) 23.734 0.0209 <0.5
11 C20:1 (Gadoleic) 24.117 0.0100 <0.5

decrease the oil recovery. In contrast, when the
stirring speed is gained up to 175 rpm, the
increasing of oil recovery is achieved.

From the surface and contour plots, the
optimum interaction effect is observed between
fermentation time and stirring speed. It is found an
optimal area in which the fermentation of coconut
milk produces the highest oil recovery. The
conditions are at high levels of fermentation time
and middle level of stirring speed. In detail, the
conditions are at the stirring speed 175-250 rpm,
the fermentation time of 16-24 h where inoculum
concentration is at 0.2% (w/v). It is due to the reason
that stirring is aimed to destabilize the emulsion so
that oil can be realized out from the protein sheath.
When stirring is optimum, the increasing of
fermentation time provide an adequate time to
destabilize the protein layer which covering the oil
so that the dissolution is reduced2,5. Under this
condition, protein is coagulated and turns out, while
water is eliminated.

Fatty acid analysis
The results of GC analysis of the samples

can be explained in Fig.4 and Table 2. It shows that
VCO contains 11 types of fatty acids. Lauric acid
dominates the fatty acid composition with the
percentage ranging from 53.0249%. It is under the
category of VCO standard according to APCC
200328. The fatty acid composition in Table 2 shows
that VCO has a reasonably high content of saturated
fatty acids (SFA) compares to unsaturated fatty acids.
Polyunsaturated fatty acid (PUFA) found is linoleic
acid (C18:2), and mono-unsaturated fatty acid
(MUFA) found are oleic acid (C18:1) and gadoleic
acid (C20:1). PUFA is more prone to oxidation than
MUFA and SFA. Thus, the low degree of unsaturation
leads to the high resistance to oxidative rancidity2,9,10.

CONCLUSION

A parametric study using Box-Behnken
design was found as an efficient and useful tool in
studying VCO production through the fermentation
method. Fermentation time has the most significant
affecting the percentage of oil recovery. The highest
of fermentation time provide an adequate time to
destabilize the protein layer which covering the oil
to coagulate and turns out, and water was
separated from the virgin coconut oil. Interaction
effects of stirring speed, inoculum concentration,
and fermentation time, shows that oil recovery
conversion increase with the increasing values of
these three variables. From the model, the optimum
oil recovery 88.607% obtained in stirring speed of
175-250 rpm, inoculum concentration of 0.2-0.3%
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(w/v), and fermentation time of 16-24 hours.
Moreover, the 53.0249% of lauric acid was
succeeded obtain under the optimal condition of
stirring speed of 200 rpm, inoculum concentration
of 0.3% (w/v) and fermentation time of 24 hours.
The statistical analysis obtained show that the value
of determination coefficient of (R2) of 97.57%. The
values indicated that the model is significant to

represent at least 97% of the variation dependent
variable value in this study.
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