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The production of methyl esters (biodiesel) by the transesterification of Podocarpus falcatus oil (PFO) with methanol was
optimized by response surface methodology (RSM) using the Box-Behnken design. The effects of parameters such as
temperature, reaction time, and alcohol/oil molar ratio using yield and viscosity as responses were investigated. The optimum
conditions for the production of biodiesel were as follows: temperature at 65°C, reaction time of 180min, and molar ratio of
10 : 1, while the minimum viscosity was obtained for a temperature of 50°C, a reaction time of 120min, and a molar ratio of
10 : 1. Physicochemical characterization by infrared spectroscopy (FT-IR) and UV visible spectroscopy showed that the free
fatty acid (FFA) content of Podocarpus oil was 1.9%, which is less than the maximum of 2% recommended for the application
of the one-step alkaline transesterification process. Also, the biodiesel obtained from the oil was seen to consist mainly of
methyl esters, and that its physicochemical characteristics are within the standard set by the American Standard for Testing
and Materials (ASTM).

1. Introduction

Despite its negative impact on the environment, the need for
fossil fuels has increased due to population growth and rapid
industrial development [1]. This situation has led to the search
for alternative energy sources that could be sustainable and
respectful of the environment [2]. Fossil fuels are one of the

most important energy sources, and they are widely used in
various industries such as transport and thermal power plants,
and their uses have caused serious pollution to the environ-
ment. Global crude oil demand in 2020 was estimated at
101.6 million barrels per day [3], while by 2040, aggregate
energy demand will be around 30% higher than they were in
2010 [4], with a resultant increase in the emission of
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greenhouse gases and the depletion of energy reserves. To
remedy these problems, there has been the need to look for
alternative energy sources.

Biodiesel, one of the main alternative fuels with low
greenhouse gas emissions, is one of such alternatives. It is
produced from various natural sources such as vegetable
oils, animal fats, and algae [4, 5]. There are several methods
for producing biodiesel from vegetable oils such as pyrolysis,
dilution, microemulsion, and transesterification [6]. Among
these methods, the transesterification process has been
found to be more efficient and economical due to its easy
implementation and relatively low cost [7]. During this pro-
cess (Figure 1), three conversion reactions occur: the conver-
sion of triglycerides to diglycerides, diglycerides to
monoglycerides, and finally, the transformation of monoglyc-
erides into glycerol. Each reaction uses one mole of alcohol in
the presence of a catalyst, which could be acidic or basic, to
chemically decompose the vegetable oil molecules into alkyl
esters with glycerol as a by-product [8–10].

The transesterification process is governed by the control
of several parameters that affect the desired product. It has
become increasingly difficult and more expensive to control
these parameters effectively by means of classical optimiza-
tions [11]. Current research is focusing on mathematical
models obtained from experimental design to overcome this
obstacle [10]. This method simultaneously studies the differ-
ent factors that influence the process and their interactions
with each other, while minimizing errors. The Box-Behnken
(BB) design in response surface methodology (RSM) is gener-
ally used to optimize parameters influencing the transesterifi-
cation reaction and using an appropriate software such as
Statgraphics or STATISTICA [12].

The price of edible vegetable oils is relatively higher than
that of diesel, and the use of these oils as a raw material for
biodiesel production competes with food [13] and is not eco-
nomical. Consequently, a solution is currently being sort
through the use second generation raw materials such as
inedible vegetable oils, used cooking oils, and animal fats.
Thus, the use of inedible oils reduces the dependence on
the use of edible vegetable oils for the production of biodie-
sel [14].

Podocarpus falcatus is an inedible oilseed species which
belongs to the Podocarpaceae family. It grows at an altitude
of 1,500-2,500m above sea level in areas of average annual
precipitation of 1,200-1,800mm [15]. This inedible oleaginous
plant is very abundant in Cameroon and can therefore be used
as a raw material for the production of biodiesel. However,
when we reviewed the literature, no work was reported on
the production of biodiesel from Podocarpus falcatus. The
novelty in the work is the search for the optimal conditions
of the reaction of alkali-catalyzed transesterification (KOH)
by response surface methodology to produce biodiesel.
Another novelty is in the use of Podocarpus falcatus oil
(PFO) as a new feedstock to produce biodiesel. The influence
of process parameters such as temperature, methanol/oil
molar ratio, and reaction time were investigated.

Different methods can be used to obtain PFO from its
seeds, namely, the traditional extraction method, mechanical
extraction, and chemical extraction [13]. Among these,

mechanical press methods are generally used to extract vegeta-
ble oils from oil plants with an oil content greater than 20%
[13]. Generally, this process has the advantages of having a
low production cost and the oil produced has low concentra-
tions of free fatty acids [16]. Table 1 shows the fatty acid com-
position of PFO.

The challenge of our work lied in the in-depth application
of the concepts of experiment methodology design, to study
the parameters affecting the production of biodiesel derived
from PFO, thus providing useful guidelines to promote the
sustainable uses of biomass in general.

2. Material and Methods

2.1. Materials and Chemicals. All chemicals used such as
methanol (99.9% purity), ethanol (98% purity), phenolphtha-
lein, diethylether, sodium hydroxide (85% purity), and potas-
sium hydroxide (85% purity) were purchased from Prolabo,
Sion, Switzerland.

The fruits of Podocarpus falcatus were collected from the
University of Dschang, Menoua Division in the West Region
of Cameroon.

The freshly harvested fruits were stripped of their endo-
carps, dried in open air, and then shelled to obtain almond
seeds. These almonds were further dried in the sun and then
subjected to mechanical pressing extraction at the Renew-
able Energy Laboratory of the Faculty of Agricultural Sci-
ences at the University of Dschang, Cameroon. About
300 g of raw materials was placed in a strong and perforated
metal “cylindrical cage” and pressed by the movement of a
piston. An iron tray was used in the cage to provide constant
pressure through the volume of material and to speed up the
oil extraction process. The compressed almonds were evacu-
ated through a circular opening located at the bottom of the
cage. The yield of the extracted oil was determined by the
formula used by Carr [16].

Yield %ð Þ = mass of oil extracted gð Þ
mass of sample gð Þ × 100: ð1Þ

Figure 2 gives the different forms of biomass used and
the oil obtained.

2.2. Biodiesel Production. Biodiesel was synthesized according
to the procedure reported by Hassan and Fadhil [17]. The
transesterification process was performed in a 100mL three-
necked round bottom flask. 50 g of oil was used in each of
the 15 experiments. For each experiment, the oil was carefully
transferred to the flask and preheated on a hotplate to its reac-
tion temperature. A solution of potassium methoxide was
freshly prepared and added to the preheated oil, and the mix-
ture was heated to reflux and stirred. After the transesterifica-
tion process, the mixture underwent separation in a separating
funnel for six hours. The upper phase containing the biodiesel
was washed several times with hot water to remove residual
impurities. After washing, the biodiesel phase was dried in
an oven at a temperature of 110°C for four hours to evaporate
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the traces of water and methanol. The methodology steps are
illustrated in Figure 3.

The yield of the biodiesel from the esterification reaction
was calculated according to the following equation:

Yield %ð Þ = mass of biodiesel produced gð Þ
mass of oil used gð Þ × 100: ð2Þ

2.3. Experimental Design. Three-factor design was applied
with a total of 15 experimental runs generated by the BB
design. The parameters selected for optimization were as fol-
lows: methanol/oil molar ratio, A; reaction time (min), B;
and temperature (°C), C. Table 2 shows the 15 experimental
runs generated. The reactions were carried out at various alco-
hol/oil molar ratios (6 : 1–10 : 1), reaction times (60min–
180min), and at temperatures (50–80°C). Potassium hydrox-
ide (KOH: 1wt.%) was used as a catalyst for all the transester-
ification reactions. The parameter ranges were selected on the
basis of a review of the literature [18, 19].

2.4. Statistical Analysis. The data obtained from the experi-
ments were analysed using the STATGRAPHIC 16 software,
and the response surfaces were plotted from version 8 of the
STATISTICA software. The BB design reduces the number
of experiments without loss of precision and more efficiently
assesses complex response functions compared to other
designs [20–22]. The number of experimental trials is esti-
mated by equation (3).

N = k2 + k + Cp = 32 + 3 + 3 = 15, ð3Þ

where k and Cp are the number of variables studied and
the number of points replicated, respectively [23]. Table 3 pre-
sents the parameters of independent variables using the BB
design.

The effect of the variables (x1 , x2, and x3) on the viscos-
ity and the yield of the product was evaluated using a second
order polynomial model given by equation (4) [24].

Y = a0 + 〠
k

i=1
aixi + 〠

k

i=1
aiix

2
i + 〠

k

i=1
〠
k

j=1
aijxixj + ε, ð4Þ

where Y is the response obtained, a0 is a constant, ai is
the linear effect of the input factor xi, aij defines a linear
interaction between the factors xi and xj, aii is the quadratic
effect of the factor xi, and ε is random error. The goodness of
the fit of the model was assessed using a test of significance
and analysis of variance (ANOVA).

The empirical model obtained was validated using the
STATGRAPHIC 16 software as an evaluation instrument.
The model is considered good when the experimental values
obtained are close to those predicted by the t-test and the p
value. In general, a model is validated when R2 is greater
than 75% or the p value ≤ 5%, with a confidence level of
95% [25].

2.5. Physicochemical Characterizations

2.5.1. Fourier Transform Infrared Spectrometry (FT-IR)
Analysis. The functional groups of the extracted oil and the
produced biodiesel were determined by FT-IR spectroscopy
using the Thermo Scientific Nicolet iS5 FT-IR spectrometer.
A few drops of each sample of biodiesel and oil were placed
in the previously cleaned sample compartment and scanned
using an IR spectrum of a wavelength range of 4,000-500 cm-

1, using the OMNIC Spectra software.

2.5.2. UV Spectroscopy Analysis. In order to study changes in
electronic energy levels, π electron systems, and conjugate
unsaturation within molecules present in Podocarpus falca-
tus oil and biodiesel, a Thermo Scientific UV/Vis spectro-
photometer, GENESYS 10S was used. The spectra scans
were 200-600nm, with a 1 cm quartz cuvette. All samples
were diluted in ethanol.

2.5.3. Physicochemical Properties of the Oil and Biodiesel
Produced. The objective of this characterization was to deter-
mine the physicochemical properties of the extracted oil and
the produced biodiesel in order to compare them with Euro-
pean (EN 14214) and American (ASTM D6751) standards.
These parameters were as follows: acid number, saponifica-
tion number, iodine number, cetane number, calorific value,
pour point, density, and viscosity. The reproducibility of all
the measurements was verified by repeating two experiments
under the same conditions.

H2C

HC

H2C O

O

O COR

COR + 3CH3OH

COR

Catalyst
H2C OH

HC

H2C OH

OH + 3R COOCH3

Triglyceride GlycerolMethanol Methyl esters
(Biodiesel) 

Acid or base 

Figure 1: General equation of the transesterification reaction.

Table 1: Fatty acid composition of Podocarpus falcatus oil [15].

Fatty acids Content (%) Saturation level

Palmitic acid (16 : 0) 8.87 Saturated

Stearic acid (18 : 0) 4.45 Saturated

Oleic acid (18 : 1) 78.94 Monounsaturated

Linoleic acid (18 : 2) 4.70 Polyunsaturated

Linolenic acid (18 : 3) 3.04 Polyunsaturated
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2.5.4. Determination of the Acid and the Free Fatty Acid
Levels. The acid level of the oil and of the biodiesel was
determined according to the protocol derived from the
AFNOR NF EN ISO660 standard of 2009. Briefly, 1.5 g of
sample was placed in a 250mL Erlenmeyer flask and then
supplemented with 50mL of a 1 : 1 (v : v) neutralized solu-
tion of ethanol and diethyl ether. The mixture was titrated
with an ethanolic solution of potassium hydroxide KOH
(0.1N) until the appearance of a persistent pink colour.
The values of the acid number (IA) and the free fatty acid
number (IFFA) were calculated using the formulas in equa-
tions (5) and (6):

IA =
N ×V × 56:1

m
, ð5Þ

IFFA = IA
1:99 :

ð6Þ

N is the normality of the ethanolic solution of KOH in
eq/L; V is the volume of the ethanolic KOH solution used
for the titration in mL; m is the mass of the test sample in
grams.

2.5.5. Determination of the Saponification Index. The sapon-
ification indices of the oil and the biodiesel were determined
according to the protocol derived from the AFNOR NFT60-
206 standard. Briefly, 1.5 g of fatty substance was placed in a
flask, followed by the addition of 20mL of alcoholic potas-
sium hydroxide solution (0.5N). The mixture was heated
at reflux in a water bath for 45 minutes until complete
saponification. After cooling, the excess KOH was titrated
with a solution of hydrochloric acid, HCl (0.5N) in the pres-
ence of phenolphthalein, until the pink colour of the solu-
tion turned colourless. A blank test was carried out
beforehand under the same conditions, by titrating the etha-
nolic solution of KOH in the absence of fatty substances.

(a) (b)

(c) (d)

Figure 2: Different forms of Podocarpus falcatus fruit and Podocarpus oil: (a) fresh fruits; (b) seeds before peeling; (c) seeds after peeling; (d)
P. falcatus oil.
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(a) (b)

(c)

Figure 3: Steps of (a) reaction, (b) settling, and (c) washing the biodiesel.
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The saponification index was calculated by formula (7):

IS =
V0 −V

m
×N × 56:1: ð7Þ

V0 is the volume of HCl (mL) required to titrate the
blank; V is the volume of HCl (mL) necessary to titrate the
sample to be analysed; N is the normality of HCl (eq/L); m
is the sample mass in grams for the test.

2.5.6. Determination of the Iodine Value. The AFNOR
NFT60-203 standard was used to determine the iodine num-
bers of oil and biodiesel according to the following protocol:
1 g of sample was introduced into a 250mL Erlenmeyer
flask, followed by addition of 15mL of carbon tetrachloride
and 25mL of Wijs reagent. The mixture was stoppered, stir-
red, and left in the dark for one hour. Then, 20mL of 10%
potassium iodide (KI) and 150mL of distilled water were
added to the mixture, and the excess iodine was titrated with
a sodium thiosulfate Na2S2O3 solution (0.1N) using starch
solution as an indicator. Equivalence point was identified
by the change in colour from a blue-violet solution to col-
ourless. A blank test was carried out in the same way.

The iodine number was calculated by the following for-
mula:

II =
V0 − V

m
× 126:9 ×N , ð8Þ

where V0 is the volume of sodium thiosulfate Na2S2O3
(0.1N) required to titrate in the blank test, V is the volume
(in mL) of sodium thiosulfate Na2S2O3 (0.1N) necessary to
titrate the sample, m is the test sample mass (in g), and N
is the normality in eq/L of Na2S2O3.

2.6. Determination of the Cetane Number. Biodiesel cetane
number (CN) was calculated by the correlation given by
Krisnangkura [26] relating the iodine number (II) and the
saponification index (Is), as shown by equation (9):

CN = 46:3 + 5458
IS

− 0:225 II: ð9Þ

2.6.1. Determination of the Calorific Value. The calorific
value (PC) of biodiesel was calculated from the model devel-
oped by Demirbas [27] using the iodine number (II) and the
saponification number (Is) as illustrated by equation (10):

PC = 49:43 − 0:015 IIð Þ − 0:041 ISð Þ: ð10Þ

2.6.2. Density Determination. The density of a substance is
defined as the mass of that substance contained in a fixed
volume, under the same well-defined temperature and pres-
sure conditions [28]. The respective masses of the oil and
biodiesel corresponding to well-defined volume were mea-
sured using a Sartorius balance. Knowledge of these masses

Table 2: Experimental matrix and theoretical experiments and responses.

Test
Temperature (°C)

(x1)
Time (min)

(x2)
Molar ratio

(x3)
Viscosity (mm2/s) Yield (%)
YV YV

∗ YR YR
∗

1 65.0 60.0 10.0 3.84 3.945 83.6 83.9725

2 65.0 120.0 8.0 4 4.12 96.1 95.2533

3 65.0 180.0 10.0 3.84 3.715 94.3 93.7875

4 65.0 180.0 6.0 4.64 4.765 87.12 86.7475

5 80.0 120.0 10.0 4.10 4.02 88.66 89.7725

6 65.0 120.0 8.0 4.08 4.12 95.40 95.2533

7 80.0 60.0 8.0 4.08 4.285 93.46 91.975

8 80.0 180.0 8.0 4.74 4.715 87.9 87.3

9 50.0 60.0 8.0 4.42 4.445 85.86 86.46

10 50.0 120.0 10.0 3.58 3.68 94.72 92.7475

11 80.0 120.0 6.0 5.54 5.54 91.22 92.1925

12 65.0 60.0 6.0 5.64 5.54 90.88 91.3925

13 50.0 120.0 6.0 4.72 4.8 92.82 91.7075

14 50.0 180.0 8.0 3.78 3.575 94.82 96.305

15 65.0 120.0 8.0 4.28 4.12 94.26 95.2533

x1: reaction temperature; x2: reaction time; x3 : alcohol/oil molar ratio; YV : experimental viscosity; YV
∗ : theoretical viscosity; YR : experimental yield; YR

∗:
theoretical yield.

Table 3: Parameter of independent variables used by the BB plan
for the optimization of oil transesterification of the oil Podocarpus
falcatus.

Variables Symbols Level
-1 0 1

Temperature (°C) A 50 65 80

Reaction time (min) B 60 120 180

Molar ratio C 6 : 1 8 : 1 10 : 1
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and volumes was used to determine the density and relative
density according to equations (11) and (12):

ρ = m
V
, ð11Þ

d = ρ

ρe
: ð12Þ

m is the mass of the sample in grams (g); V is the volume
of the sample in millilitres (mL); ρ is the density of the sam-
ple in grams per litter (g/L); ρe is the density of water (g/L).

2.6.3. Viscosity Measurement. The kinematic viscosity was
studied in accordance with standard ASTM 445, using a cap-
illary viscometer of the UBBELOHDE type, a viscometer
support allowing the instrument to be kept in a vertical posi-
tion, a bath equipped with a thermostat, a stopwatch to mea-
sure time, and a filter paper. For a given test temperature, the
viscosity was determined by the formula given by equation
(13):

η = k ∗ t, ð13Þ

where k is viscometer constant, t is the liquid flow time
in seconds, and η is viscosity in mm2/s.

3. Results and Discussion

3.1. Optimization by Response Surface Methodology. Several
parameters influence the transesterification reaction, the
most important of which are the temperature (x1), the reac-
tion time (x2), and the methanol/oils molar ratio (x3). The
regression surface equations and response curves were
obtained as a function of these three parameters.

3.1.1. Regression Equation for Methyl Esters and Viscosity. In
order to study the effects of the interaction between the
parameters affecting the transesterification reaction on the
response variables, yield, and viscosity, experiments were
carried out by varying these parameters and using the BB
design. The experimental results were fitted to the polyno-
mial equations for viscosity and methyl ester (biodiesel)
yield, which are presented in equations (14) and (15):

Ymethyl ester = 11:0006 + 1:10835 ∗ x1 + 0:280403 ∗ x2

+ 7:9725 ∗ x3 − 0:00296296 ∗ x1 ∗ x1
− 0:00403333 ∗ x1 ∗ x2 − 0:0371667 ∗ x1 ∗ x3
− 0:00102685 ∗ x2 ∗ x2 + 0:031375 ∗ x2 ∗ x3
− 0:587917 ∗ x3 ∗ x3,

ð14Þ

Yviscosity = 14:1944 − 0:0325185 ∗ x1 − 0:0419167 ∗ x2

− 1:39667 ∗ x3 + 0:000196296 ∗ x1 ∗ x1

+ 0:000361111 ∗ x1 ∗ x2 − 0:0025 ∗ x1 ∗ x3

+ 0:00000671296 ∗ x2 ∗ x2 + 0:001875 ∗ x2 ∗ x3
+ 0:0635417 ∗ x3 ∗ x3:

ð15Þ
In the above equations, a positive sign in front of the

terms indicates a synergistic effect while a negative sign indi-
cates an antagonistic effect. Therefore, temperature (x1),
reaction time (x2), molar ratio (x3), temperature-molar ratio
(x1x3), and time-molar ratio (x2x3) interactions played an
important role in increasing the yield, while the
temperature-time (x1x2) interactions and the quadratic
temperature-temperature (x1x1), time-time (x2x2), and
molar-molar ratio (x3x3) effects had a negative contribution
to the yield of the biodiesel. In addition, the effects of
temperature-time (x1x2), time-molar ratio (x2x3) interac-
tions, quadratic temperature-temperature (x1x1), and
molar-molar ratio (x3x3) increased the viscosity. Also, the
temperature (x1), the reaction time (x2), the molar ratio
(x3), and the temperature-molar ratio interaction (x1x3) pro-
moted the decrease in viscosity.

3.1.2. Analysis of Model Variance. The validation of the
model was made with the coefficient of determination R2,
which was 0.95 for the viscosity and 0.94 for the yield, thus
indicating that this model conformed with the experimental
results. Linear, quadratic, or interaction effects of variables
on responses were investigated using ANOVA. With regard
to Table 4, it can be seen that the variables which had a more
significant effect on the yield of biodiesel were the interac-
tions between temperature and the methanol/oil ratio and
between temperature and time where p < 0:05, followed by
the quadratic terms of reaction time and molar ratio, which
also had p < 0:05. We also note that the alcohol/oil molar
ratio had a more significant effect on the viscosity (p < 0:05
), followed by the reaction temperature and the interaction
between temperature and reaction time.

3.1.3. Study of the Effects of Factors on Viscosity. The varia-
tion in the viscosity of biodiesel as a function of the interac-
tion between reaction time and temperature is illustrated by
the 3D response surface curve, coupled to the contour dia-
gram, in Figure 4(a). This figure shows that the reaction time
is a factor that changes in the opposite direction to that of
the change in kinematic viscosity. When moving from low
values for the reaction time to high values (60min and
180min), we saw that the viscosity decreased significantly
from 5.54mm2/s to 3.78mm2/s. Since transesterification is
a reaction which greatly reduces the viscosity of oils, the high
viscosity observed at low reaction times could be due to
incomplete conversion of oil to methyl ester. Unreacted oil
could thus increase the viscosity of the biodiesel [29]. Fur-
thermore, the high viscosity observed after the optimum
reaction time could be attributed to side reactions, such as
saponification and esterification, since the reaction is revers-
ible and takes place in an alkaline medium. These phenom-
ena can lead to difficulties in separating the biodiesel layer
from glycerol [30]. These observations were similar to those
made by Chigozie et al. [31]. According to the American
material standard test (ASTM D9751), the standard viscosity
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of conventional diesel is around 1.9-2.6mm2/s. Therefore, a
viscosity value outside this range does not have the proper-
ties that can be adapted to a diesel engine [32].

Figure 4(b) further shows that the methanol/oil molar
ratio did not have a significant effect on viscosity. This was
also confirmed by the low value of the constant observed
compared to the molar ratio factor (x3) in equation (15).
This is not surprising, since after the reaction, the biodiesel
was completely separated from the glycerol.

3.1.4. Study of the Effects of Methanol/Oil Molar Ratio,
Reaction Time, and Temperature on the Biodiesel Yield. To
investigate the interaction effects of the parameters on the
reaction yield, two 3D response curves were plotted as
shown in Figures 5(a) and 5(b) obtained using RSM.
Figure 5(a) shows the interaction effect of reaction time
and molar ratio on biodiesel yield. With respect to this fig-
ure, we noticed that high yields of 96.1% were obtained at
relatively long reaction times of 120-180min and molar
ratios of 10 : 1 when the temperature was fixed at its average
value of 50°C. This high yield of methyl ester could be due to
the fact that the methanolysis of PFO is a reversible reaction
and depends on the stoichiometry of the reaction. Indeed, an
excess of alcohol in a molar ratio range 6 : 1 to 10 : 1 is
needed to push the equilibrium in the direction of methyl
ester production [33]. Moreover, for a very short reaction
time (60min), the low yields recorded could be explained
by incomplete reactions. The optimal reaction time
(180min) being the longest duration could be linked to the
moderate temperature, 50°C. It can be noticed that the inter-
action effect between reaction time and molar ratio has a
positive effect on the reaction yield, as shown in equation
(14). According to the results shown in Figure 5(b), the
highest biodiesel yield (96.1%) was observed at the moderate
reaction temperature (50°C) when the molar ratio was set at
a value of 10 : 1. A slight reduction in yield was observed at
temperature above 60°C, due to saponification reaction,
which is faster than transesterification at high temperature

[34, 35]. Fadhil [32] obtained a similar result where he had
an optimum production of esters from Prunus amigdalus
seed oil at an optimum reaction temperature of 50°C.

The study of the effects of the various parameters and
their reciprocal interactions led to the determination of the
optimal conditions mentioned in Table 5:

3.2. Yield of Oil and Biodiesel Produced. Podocarpus oil was
obtained with a yield of 47.8%; this may be because we used
the power press. Moreover, the biodiesel produced under
optimal conditions resulted in a yield of 96.1% (Figure 6).
This value was very close to that predicted by the BB plan
used.

3.3. Physicochemical Characteristics of Oil and Biodiesel. The
physicochemical properties of biodiesel produced from PFO
under optimum reaction conditions were measured accord-
ing to ASTM standards. These properties were compared
with those of PFO and diesel as shown in Table 6. From
the results presented in this table, it can be seen that the cal-
orific value of biodiesel produced from PFO is lower than
that of diesel. This may be due to the higher oxygen content
of biodiesel compared to diesel. Indeed, it has been demon-
strated by Yamane et al. [36] that the presence of oxygen in
the fuel improves combustion properties and emissions but
lowers the calorific value. From the results presented in
Table 6, it is clear that biodiesel has a lower density than
PFO. This lower density of biodiesel compared to PFO is
linked to the formation of methyl esters by eliminating glyc-
erol. These results are close to those found by Tchuifon et al.
[37].

Viscosity is an important parameter that affects fuel
injection, lubrication, and atomization [38]. Fuels of high
viscosity tend to form deposits in the engine. However,
Table 6 shows that the kinematic viscosity of PFO decreased
from 29.53 to 3.58mm2/s at 40°C. This significant drop in
viscosity confirms the efficiency of the transesterification
reaction. Moreover, it is important to note that the high

Table 4: ANOVA results for biodiesel yield and viscosity.

Source
Viscosity Yield

Sum of squares Df F-ratio p Sum of squares F-ratio p

x1 (temperature) 0.4802 1 10.73 0.0220∗ 6.09005 2.33 0.1878

x2 (reaction time) 0.0968 1 2.16 0.2012 14.9605 5.71 0.0624

x3 (molar ratio) 3.2258 1 72.11 0.0004∗ 0.2312 0.09 0.7783

x21 0.0072 1 0.16 0.7048 3.20493 0.63 0.4645

x1x2 0.4225 1 9.44 0.0277∗ 52.7076 20.13 0.0065∗

x1x3 0.0225 1 0.50 0.5099 4.9729 1.90 0.2267

x22 0.0022 1 4.53 0.8349 50.4567 19.27 0.0071∗

x2x3 0.2025 1 4.53 0.0867 56.7009 21.65 0.0056∗

x23 0.2385 1 5.33 0.0690 20.4197 7.80 0.0383∗

Total error 0.2237 5 13.0942

R2 = 0:95449 R2 adjusted = 0:87 R2 = 0:94; R2 adjusted = 0:83
∗Significant at 95% confidence interval.
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initial viscosity of this oil is due to its higher molecular
weight compared to that of diesel fuel [39]. The interesting
information is that the kinematic viscosity of biodiesel pro-
duced from Podocarpus falcatus oil is in the range 1.9-
6.0mm2/s as specified by ASTM. When a biodiesel having

a viscosity in this range is used in a diesel engine, it helps
to lubricate parts of the engine [40]. Pour point analysis in
the characterization of biodiesel is very important because
it determines the suitability of the biofuel for large-scale
storage. Pour point is the lowest temperature at which the
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Figure 4: (a) Response surface contour for the effect of interaction between temperature and time on viscosity (KOH concentration: 1 wt.%).
(b) Response surface contour for the effect of the interaction between time and molar ratio on viscosity (KOH concentration: 1 wt.%).
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Figure 5: (a) Response surface contour for the effect of the interaction between time and molar ratio on yield (KOH concentration: 1 wt.%).
(b) Response surface contour for the effect of the interaction between time and temperature on yield (KOH concentration: 1 wt.%).

Table 5: Optimal viscosity and yield conditions.

Optimal values of parameters Predicted responses

Parameters Viscosity Yield Viscosity Yield

Temperature (°C) 79.985 50

5.4738mm2/s 98.738%Reaction time (min) 60.0 180

Molar ratio 6.00027/1 9.99997/1
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fuel can still flow before it has gelled. This also reflects the
biodiesel’s ability to be used in cold climates [41]. The pour
point found in this work is -15°C for the biodiesel obtained.
On the other hand, the pour point value of -8.6°C obtained
for Podocarpus falcatus oil is significantly higher than that
of biodiesel. This could be due to the presence of glycerol
in this oil which makes the medium more viscous and thus
promotes gelation. This result is in harmony with that found
by Fadhil et al. [42]. The cetane number (CN) of PFO
(42.06) is lower than that of biodiesel (51.03). This variation
can be attributed to the unsaturated fatty acids present in the
oil. Chemical properties such as acid value, saponification
value, and iodine value of PFO and biodiesel were deter-
mined and compared in Table 6. It appears that these prop-
erties are comparable with the standards of the American
Society for the Testing of Materials (ASTM).

3.4. Analysis by IR-TF Spectrometry of Oil and Biodiesel.
Figure 7 shows the superimposed infrared spectra of Podo-
carpus falcatus oil and the biodiesel obtained from it.

(a) (b)

Figure 6: (a) Podocarpus falcatus oil. (b) Optimized biodiesel.

Table 6: Physicochemical properties of PFO and biodiesel compared to ASTMD6751.

Properties Units PFO Biodiesel Diesel ASTMD6751

Density (at 15°C) kg/m3 922 872 845 880

Viscosity (40°C) mm2/s 29.53 3.58 2.4 1.9-6

Pour point °C -8.6 -15.20 −17 -15 at -16

Calorific value MJ/kg 39.47 39.87 42.54 35

Cetane number - 42.06 51.03 50 48–60

Acid index mg KOH/g 1.90 0.40 - Max. 0.5

Iodine number g I2/100 g 147.10 103.10 - -

Saponification index mg KOH/g 189.11 195.44 - -

4000

92

94

96

98

Tr
an

sm
itt

an
ce

 (%
)

100

102

104

106

PFO

3500 3000 2500

1435 cm–1

CO-O-CH3

722 cm–1

722 cm–1

–CH2
1744 cm–1

C=O 1169 cm–1

C–O

Wave number (cm–1)
2000 1500 1000 500

BPFO

Figure 7: FT-IR spectra of Podocarpus falcatus oil (PFO) and
biodiesel (BPFO).
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The characteristic absorption peaks of Podocarpus falca-
tus oil have been shown in Figure 7 in black. The absorption
peak appearing at 722 cm-1 corresponds to the strain vibra-
tion of -CH2, and the one at 1,744 cm-1 corresponds to the
stretch vibration of the C=O ester group. The spectrum of
biodiesel shows an absorption peak appearing at 1,435 cm-

1, characteristic of a methyl ester group (CO-O-CH3), and
the absorption peak at 1,194 cm-1 corresponding to the ester
group (CO). The reduction in the peak at 1,435 cm-1 on the
biodiesel spectrum can be attributed to the departure of the
glycerol molecule and the appearance of CH3-O vibrations
in the biodiesel. Additionally, the separation of 1,169 cm-1

in the oil sample to 1,194 cm-1 and 1,171 cm-1 in the biodie-
sel sample indicates the conversion of the oil into biodiesel.
Table 7 shows the characteristic band positions of the TF-
IR for Podocarpus falcatus oil and the Podocarpus falcatus
oil biodiesel produced.

3.5. UV-VIS Spectrophotometric Analysis of Oil and
Biodiesel. Figure 8 below shows the superimposed UV-VIS
spectra of Podocarpus falcatus oil and its biodiesel. In this
figure, we observe an intense band around 250nm on the

spectrum of Podocarpus falcatus oil which is not present
on the spectrum of biodiesel. This peak observed at around
250 nm is probably absorption due to the π⟶ π∗ transi-
tion of the carbonyl of the triglycerides. A second peak is
also observed around 300nm which can be attributed to
the n⟶ π∗ transition of the carbonyl. Moreover, from
these curves, we can conclude that the absence of the π
⟶ π∗ carbonyl transition of the triglycerides on the black
spectrum confirms the absence of glycerol in the ester mix-
ture formed.

4. Conclusions

Oil from Podocarpus falcatus was used to produce biodiesel
by transesterification. The oil used was extracted mechani-
cally using a hydraulic press that gave an extraction yield
of 47.8% by mass, making the oil a promising raw material
for the synthesis of biodiesel. Since an analysis of the oil
showed that it had an acid number of less than 2%, the bio-
diesel was therefore produced through a one-step transester-
ification process with methanol, using KOH as catalyst. The
optimization of the process was achieved by applying the
response surface methodology, using the Box-Benhken
design. The optimum conditions to produce the highest
yield of biodiesel (96.1%) were as follows: a molar ratio of
10 : 1, a temperature of 50°C, and a reaction time of 180
minutes. The minimum viscosity, 3.58mm2/s, was obtained
at a molar ratio of 10 : 1, temperature of 50°C, and a duration
of 120min. Physicochemical analyses of both oil and the
biodiesel using IR and UV-VIS confirmed the conversion
of triglycerides into methyl esters, and that the properties
of the biofuel produced comply with the standard prescribed
by ASTM6751. Based on the results of this study, we can
conclude that Podocarpus falcatus oil can be used as a non-
edible oil to produce good quality biodiesel under optimal
conditions.
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ANOVA: Analysis of variance
ASTM: American Standard for Testing Materials
BBD: Box-Benhken design
BPFO: Biodiesel of Podocarpus falcatus oil

Table 7: Main position of characteristic bands for oil and biodiesel.

PFO BPFO
Absorption vibration (cm-1) Functional groups Absorption vibration (cm-1) Functional groups

722 Deformation –CH2 722 Tilting –CH2

1362 CH2 group deformation vibration 1362 CH2 group deformation vibration

1744 Elongation C=O 1742 Elongation C=O

1169 Stretching C-O
1194
1171
1110

Elongation C-O
Elongation

C-O-O-CH2-C

1435
Deformation vibration

CH2

1435
Methyl ester group

(CO-O-CH3)

2925 Elongation –CH2 2927 Elongation –CH2

0

1

2

3

4

5

Ab
so

rb
an

ce

200 300 400 500 600

Wave number (nm)

PFO
BPFO

Figure 8: Superimposed UV-VIS spectra of Podocarpus falcatus oil
(PFO) and it biodiesel (BPFO).

12 Journal of Chemistry



RSM: Response surface methodology
FFA: Free fatty acid
FT-IR: Fourier transform infrared spectroscopy
PFO: Podocarpus falcatus oil
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