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Biodiesel Production of Garcinia Mangostana Linn. seeds
by Two-Phase Solvent Extraction and Alkali-Catalyzed
Transesterification
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Abstract—The present study introduced the potential used of
Garcinia Mangostana Linn. seeds as feedstock for bio-diesel
production. The preparation of biodiesel by two-phase solvent
extraction (TSE) and alkali-catalyzed transesterification was
studied. The important factors including catalyst concentration,
ratio of methanol to oil and temperature on conversion FAME
were examined respectively by experiments. The results of
two-step transesterification showed that the optimal conversion
of Garcinia Mangostana Linn. seeds into fatty acid methyl ester
(FAME) were at condition of 4:1 methanol/oil volume ratio,
50°C reaction temperature, 0.5% ( catalyst / oil weight ratio w/w)
solid base catalyst amount and at 5 minutes reaction time.

Index Terms—Biodiesel, Garcinia Mangostana Linn. seeds,
two-phase solvent extraction, alkali-catalyzed
transesterification.

. INTRODUCTION

Nowadays, alternative fuels for diesel engines have
increasingly important due to decreasing petroleum resource.
Due to those factor, biodiesel fuels receiving greater attention
worldwide. Besides that, cost of diesel fuel is increasing day
by day in this recent few years i.e. cost of petroleum has been
estimated will rise from 0.67 to 0.75 which is from year
2004-2005 to 2012-2013, that is 11.94% in an eight year
comprehensive study [1]. Thus, a look out for alternate energy
resources of fuels such as biodiesel has been undertaken by
various research groups all over the world. In scientific word,
biodiesel fuel as mono-alkyl esters of long chain fatty acids
derived from a renewable lipid feedstock and typically make
from non-toxic [2]. The main reason biodiesel is receiving
great attention worldwide is due to the following aspects;
biodegradable and renewable diesel fuel. Indirectly, it could
also reduce the emissions of gasses such as carbon monoxide
(CO), hydrocarbon (HC), and particulate matter if compared
to petroleum —basic diesel fuel [3].

Normally there are four ways to produce biodiesel which
are direct use and blending, micro-emulsions, pyrolysis, and
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transesterification [4]. However, the most common way is
transesterification whereby the biodiesel from this method
can be used directly or blends with diesel fuel in diesel engine
[5].

In details, transesterification is a chemical reaction between
triglycerides and alcohol in the presence of a catalyst [6].
Triglycerides consists of a sequence of three consecutive
reversible reactions and it will convert to diglycerides, after
that diglycerides are convert to monoglycerides followed by
the conversion of monoglycerides to glycerol [1]. During
transesrification process, triglyceride is converted to methyl
esters with methanol using sodium hydroxide (represent as
catalyst which is dissolved in methanol) [7]. Generally,
alkali-catalyzed transesterification process is a sequential
reaction and currently the method of choice because it
produced high purity of oil and produce biodiesel with short
time.

Prior to alkali-catalyzed transesterification process,
two-phase solvent extraction (TSE) method and the addition
of acid pretreatment were applied to overcome the high FFA
level of Garcinia Mangostana Linn. seed oil as suggested by
[8] and [9]. Besides that, TSE method also having several of
advantages including oil leached by hexane and glusinolate,
colloid, free fatty acids colouring matter and other impurities
were extracted by a polar solvent phase which was composed
of methanol, assistant and water. In addition, the quality of
product is far better compared to traditional pre-press
leaching process [8]. Therefore, this study was conducted to
determine the yield of biodiesel production by using Garcinia
Mangostana Linn. seed as feedstock in attempt to enhance the
properties of the biodiesel.

Il. MATERIALS AND METHODS

A. Material

Garcinia Mangostana Linn. (GML) seeds was obtained
from Kelantan, Malaysia. GML seeds were removed from
the fruits, washed with water and left to air-dry under sun for
two days .Garcinia Mangostana Linn. Seeds were ground by
using mechanical crusher until it become powder form. The
powder was then screened by using mesh sample sieve to
determine the particle size. The detail characteristics of GML
seed were describes in [10]. Chemical such as methanol,
hexane, sodium hydroxide, acetone, and sulphuric acid were
supplied by A.R. Alatan Sains (K) Sdn. Bhd, Alor Setar.

B. Two-Phase Solvent Extraction (Oil Leaching Process)
A Rotary Evaporator (EYELA N-1100S) with maximum
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18mL/ min (water) evaporation capacity and a digital water
and oil bath (EYELA OSB - 2100) was used for oil leaching
process. At the beginning, 200 ml of polar solvent phase
solution and 50 ml of n-hexane were added to a 1 L pear shape
sample flask. The flask was submerge in a water bath, with
50<C and 200 rpm to promote a sufficient agitation. Then, 20
g of Garcinia Mangostana Linn. seeds powder were added to
the flask and start the leaching process for 15 minutes. After
the leaching process, the mixture was poured into a separator
for the separation process. The liquid phase is left to separate
in two layers for about 30 minutes. The upper layer was
non-polar phase, containing n-hexane and Garcinia
Mangostana Linn. seed oil. The lower layer was the polar
solvent phase solution containing glucosinolate, methanol,
desolved free fatty acid, and other toxic substances. The
upper layer was collected for next synthesizing biodiesel
process.

C. Alkali-Catalyzed Transesterification

The upper layer solution from leaching process were
poured into 1L sample flask and it was immersed in a water
bath and heated to a predetermined temperature, the rotary
were set at 200rpm to promote a sufficient agitation. Next,
different ratio of methanol to oil which predissolved sulfuric
acid is added into agitated reactor. This acid pretreatment was
conducted for 15 minutes to reduce the level of FFA content
of G.M.L seeds oil feedstock to be less than 1% [1]. After
completed those steps, methanol predissolved sodium dioxide
is added into agitated reactor again and transesterification
step was conducted for certain time. After that, reaction
mixture is poured into the funnel to settle for about 2 hours
into two layers: the upper layer know as methyl ester phase
which is containing commercial hexane, methyl esters and
lower layer know as glycerol phase which is containing
glycerol, methanol, catalyst, and soap [8], [9] and [11]. Upper
layer need to be washed several times with distilled water at

50°C to remove the residual substances until it become neutral.

After the washing process, the methyl ester phase was firstly
evaporated at 95°C to remove the hexane by using dried
110°C in an oven. This is to remove the remaining impurities
until its weight become constant. Finally, the final product
was biodiesel.  Several parameter affecting the
transesterification were investigated including
methanol-to-oil ratio (v/v), sodium hydroxide catalyst
concentration, and reaction temperature. Several run of
biodiesel are summarized in Table I.

TABLE I: THE EFFECT OF REACTION CONDITION ON EXPERIMENT

Run | Methanol-to-oil Sodium Catalyst Temperature (°C)
ratio (v/v) concentration (%
w/w on oil basis)
1 6:1 1 50
2 4:1 1 50
3 2:1 1 50
4 4:1 0.5 50
5 4:1 15 50
6 4:1 0.2 50
7 4:1 1 45
8 4:1 1 55
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D. Analytical Methods

For the quantification of reaction product, the biodiesel
samples were analyzed by a gas chromatography (GC), model
Hewlett Packard HP 5890 Series Il (FID detector, HPIB
communication, split/splitless injection port with manual
pneumatics). Separation was performed on column HP88.
The weight loss was recorded from 25°C — 850°C and infrared
(IR) spectrums of biodiesel and raw material were obtained
using a Faurier Transformed Informed Spectrometer (FTIR)
model PerkinElmer Spectrum 400FT-IR/FT-NIR
spectrometer.

I11. RESULTS AND DISCUSSIONS

A. Effect of Methanol-to-Oil Ratio

The one important factor affecting the reduction of FFA
content in the oil is the amount used of methanol [12]. In this
investigation, different methanol-to-oil ratios (6:1, 4:1, 2:1)
were used to investigate their effect on FAME conversion as
well. The reactions were carried out with the catalyst
concentration of 1% w/w on oil basic and temperature of 50°C.
The fatty acid compositions of biodiesel samples (conversion
FAME) versus methanol-to-oil ratio were shown in Fig. 1.

High saturation fatty acid FAME are preferable because it
will increase the cetane number, heating value and improve
stability [13]. Stoichiometic transesterification reaction
requires 3:1 molar ratio of methanol to G.M.L. oil. However,
in practice a higher molar ratio was required in order to shift
the reaction equilibrium towards the products side and the
reaction close to completion [8] and [14]. As shown in Fig. 1,
with increasing methanol-to-oil, the saturated fatty acid was
increased considerably. When the methanol-to-oil ratio is 6:1,
the saturated fatty acid can achieve until 67.15% w/w, which
indicated the percentage is more than reaction on
methanol-to-oil ratio in 2:1 and 4:1. Moreover, all the samples
show that mono-unsaturated fatty acid is higher than
poly-unsaturated fatty acid. Unsaturated of fatty acid
composition will cause polymerization and oxidation of the
fuel. However, mono-unsaturated FAME is better than
poly-unsaturated for oxidation stability without any adverse
effect on fuel cold properties [15].

B. Effect of Catalyst Concentration

Catalyst concentration is one of the crucial parameter that
affects the methyl ester formation in the alkali-catalyst
transesterification because the presence of the catalyst
accelerates the conversion of triglycerides to FAME and
glycerol. Prior report indicates that the ester formation does
not occur without the presence of catalyst even though it was
reacted with methanol for 120 minutes in transesterification
process [16].

Fig. 2 showed the fatty acid compositions on conversion
FAME versus different catalyst concentration. As shown in
the figure, the optimal saturated fatty acid FAME was
observed at 0.5% w/w. But when the catalyst concentration
exceeded 0.5% w/w, the saturated fatty acid was decreasing.
It is because the saponification occurred when soap formed in
the side reaction resulting in increasing the viscosity of



International Journal of Chemical Engineering and Applications, Vol. 4, No. 3, June 2013

reactants. Soap that dissolve into glycerol phase will make the
separation of glycerol more difficult [9]. The experiments
were carried out in the range of 0.2% to 1.5% by weight of

G.M.L. oil with 4: 1 methanol-to-the oil ratio and 50°C
reaction temperature.

TABLE II: FATTY ACIDS COMPOSITION OF BIODIESEL ON SEVERAL EFFECT

Fatty acid composition (% w/w) / Run 1 2 3 4 5 6 7 8
carbons
Lauric acid 12:0 0.05 0.02
Myristic acid 14:0 0.03 0.03 0.05 0.05 0.06
Myristolein acid 14:1 0.03
Palmatic acid 16:0 3.61 5.49 6.17 481 4.85 4.95 7.13 7.29
Palminitolein acid 16:1 0.02 0.04 0.03
Margaric acid 17:0 0.20 0.19 0.25 0.22 0.25 0.22 0.16
Heptadecenoic acid 17:1 0.03 0.04 0.03 0.05 0.04
Stearic acid 18:0 6259  60.55 5940 6582 5976 5841 5200  51.70
Oleic acid 18:1 1854  17.97 1714 1433 1891 1962 2143 = 2132
Linoleic acid 18:2 1404 1049 1362 1035 1481 1575  18.19 18.51
Linolenic acid 18:3 0.10 0.08 0.12 0.12 0.19 0.19
Arachidie acid 20:0 0.67 0.78 0.64 0.93 0.63 0.57 0.50 0.46
Gadoleic acid 20:1 0.07 0.12 0.13 0.13 0.13 0.11
Eicosadlenoic acid 20:2 453 2.73 2.95 0.45 0.06
Eicosatrienoic acid 20:3 0.05 0.03 0.04
Eicosapentaenoic acid 20:5 0.03 0.06
Heneicosanoic acid 21:0 0.05 0.30 0.21 0.04 0.07 0.06
Behenic acid 22:0 0.04
Docosahexaenoic acid 22:6 0.02
Total saturates 67.15 67.01 66.51 72.07 65.53 64.25 59.97 59.77
Total mono-unsaturates 1861  17.97 1714 1453 1912 1981 2161 2147
Total poly-unsaturates 14.24 15.02 16.35 13.41 15.38 15.93 18.42 18.76
A. Effect of Temperature B. Effect of Reaction Condition on Fatty Acid
80 Composition (FAME Conversion)
é?o 6551 E7.01 5715 The typical fatty acid composition of G.M.L. comprise C;,
S — C,, which is lauric acid, myristic acid, palmitic acid,
_E 5 margaric acid, stearic acid, oleic acid, linoleic acid, arachidie
E‘ acid, gadoleic acid, eicosadienoic, behenic acid, and other[17]
g4 and [18]. The quality of the biodiesel, after purification
z 30 samples was evaluated by measuring final content of FAME.
gzo 17441635 ¥ 1502 BTPN As generally accepted, FAME content of biodiesel phase was
& 10 used to evaluate the catalyst activity and the esters content
0 which are indicator degree of conversion of the
2:01 4:01 6:01 transesterification reaction [19].

Methanol-to-oil ratio [v/v)
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Fig. 1. Fatty acid compositions of biodiesel samples (FAME conversion)
versus methanol-to-oil ratio

Study was carried out at different reaction temperatures
which are 45°C; 50°C and 55°C with methanol-to-oil ratio and
catalyst concentration were 4:1 v/v and 1% w/w on oil basic,
respectively. Fig. 3 shows the fatty acid composition of
biodiesel samples (FAME conversion) versus temperature.
The result shows that the saturated fatty acid FAME was
optimum at 50°C and indicated that the reaction rate rose
when temperature is increased from 45°C to 50°C. However,
when temperature is increased to 55° C, the saturated fatty
acid FAME was decreased. A high temperature at shorter
reaction time is a primary advantage in producing biodiesel.
However, methanol and n-hexane would vaporize and form
large amount of bubbles if reaction temperature was exceeded
the boiling of methanol and n-hexane [8].
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Fig. 2. Fatty acid compositions of biodiesel samples (FAME conversion)
versus different catalyst concentration

As describe in Table 11 [20], stearic acid (Cyg.0) contributed
more than 50% of total fatty acid compositions which
indicated higher molecular weight (298.51 g/mol) of fatty
acid composition and higher saturated fatty acid available in
biodiesel samples [21]. Cetane number and higher heating
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value increase because of the higher molecular weight and all
of these properties will decrease as the number of double
bonds increases including unsaturated fatty acid [22]. Higher
cetane numbers has better ignition properties [23]. In contrast,
fuels with lower cetane numbers tend to increase particulate
exhaust emissions and gaseous because of incomplete
combustion [22]. In fact, the stability of biodiesel also
depends on the saturated and unsaturated fatty acid. The
higher proportion of saturated fatty acids, the stable it will be
than those having higher proportion of unsaturated fatty acids.
Furthermore, higher content of polyunsaturated methyl esters
will also decreases the oxidative stability. [1], [24] and [25].
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Fig. 3. Fatty acid compositions of biodiesel samples (FAME conversion)
versus temperature.

IV. CONCLUSION

Sodium hydroxide was used as alkali-catalyst in
transesterification process because it is more cheaply
compared with other alkali-catalyst. On the other hand, TSE
technology could reduce the long production system
associated with pre-extracted oil. From this study, the
optimum conversion of Garcinia Mangostana Linn.seed oil
into FAME is obtained with the ratio of 4:1 methanol/basic oil,
50°C reaction temperature, 0.5 % catalyst, and 5 mins
reaction time. As the conclusion, FFA need to be examined in
details whether after TSE process or after transesterification
because it contributes vast influence to the yield or methyl
ester conversion of biodiesel.
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