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The extraction of mango seed kernel oil by using innovative extraction and conventional techniques is described. For conventional
techniques, maceration and soxhlet were applied by using 95 % ethanol and hexane as solvent. For innovative extraction, the supercritical
carbon dioxide (ScCO,) as solvent was applied by using response surface methodology. The efficiency yield of extracted oil from soxhlet
with 95 % ethanol was the unique technique with 37.1 % yield and the ScCO, extraction was the lowest technique with 3.13 % yield at 2

of mango seed kernel oil from ScCO, extraction had greatest total saturated fatty acid with 54.6 % and more highly selective with special

INTRODUCTION

Mangoes are consumed for 572,000 metric tons per year
that leads to 57,200 metric tons of mango seeds that need to
be eliminated. In Egypt and India, there are many researches
about composition in mango seed kernel and their activities.
They have found that there are fatty acids and phenolic comp-
ounds in mango seed extracted'. These composition could be
used in many industries such as food preservation, cosmetology
and food ingredients™. Typically, mango seed extraction uses
methanol and ethanol as solvent extraction’. These solvents
cause toxic in extracted substances and resulting in pollutions.
Supercritical carbon dioxide extraction has been proposed as
nonsolvent residues and better retention of aromatic comp-
ounds as an alternative technique to conventional solvent
extraction and mechanical pressing for extracting essentential
o0ils>”, seed oil® and carotenoids’ from various plant materials.
Extracted volatile oil from Aquilaria subnitegra by using super-
critical carbon dioxide and hydrodistillation. The maximum
yield was reached at 4.43 % from supercritical carbon dioxide
at 25 MPa, 50 °C and 3 g/min of carbodioxide flow rate.
Whereas the yield from hydrodistillation process was only
0.23 %'"°. Moreover, extracted patchouli oil by using steam
distillation and supercritical carbon dioxide. They have found
that maximum yield of patchouli oil was reached 5.07 % at
14 MPa and 40 °C of supercritical carbon dioxide extraction
that more than steam distillation method''. So, supercritical
fluid could be used to extract herbs and it could extract oil at

h of extraction time. The fatty acid compositions of mango seed oil from different techniques were similar, but the fatty acid composition |
of arachidic acid with 11.6 %. It is considered that the ScCO, extraction is competitive with conventional extraction. :

Keywords: Mango seed kernel, Supercritical carbon dioxide extraction, Fatty acid, Conventional extraction.

higher yield than conventional extraction. Furthermore, it could
be easily separated from extracted substances'>".

Fatty acid is a carboxylic acid with a long aliphatic chain,
which is either saturated or unsaturated. Most naturally occu-
rring fatty acids have a chain of an even number of carbon
atoms, from 4 to 28. Fatty acids, especially unsaturated acids,
are important as nutritional substances and metabolites in living
organisms'®. Fatty acids that are required by the human body
but cannot be made in sufficient quantity from other substrates
and therefore must be obtained from food, are called essential
fatty acids. Arachidonic acid is one of the essential fatty acids
which some part is saturated fatty acid and some part is a poly-
unsaturated omega-6 fatty acid 20:4(®-6) and presents in the
phospholipids of membranes of the body's cells and is abundant
in the brain, muscles and liver'>'°.

The response surface methodology is defined as the
statistical method that uses quantitative data from appropriate
experimental design to reduce number of experimental trials
needed to evaluate multiples parameters and their interactions.
response surface methodology has been successfully applied
for optimizing conditions in food research'™'® but very few of
extraction of essential oils".

This work was to optimize the conditions, including tempe-
rature, pressure and co-solvent for ScCO, extraction of mango
seed kernel oils using response surface methodology. The response
variable examined the yields of oil. The fatty acid composition
of the oil was also studied under different extraction techniques.
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EXPERIMENTAL 25.00
Mango seeds were procured from the local market. The 20.00 4 ——— — 21.13
seeds were washed and cut into two halves. The kernels were
removed manually from the seeds and dried in the oven at & 15.00 4+~
60 °C for 6 h. Then, the mango seed kernels were ground into 2 145
. . . . . o LB
particles ranging from 0.2 to 0.5 mm in size by a hammer mill > 10.00 o5

and being forced through a sieve.

Extraction of total oil using maceration: The mango
seed kernels (10 and 20 g) were added to 150 mL of hexane
for solid to solvent ratio of 1:15 and 2:15 in a 500 mL flask,
respectively and mixed on a magnetic stirrer for 2 to 8 h at
room temperature (28 °C). The supernatant was passed through
Whatman filter paper (no. 1). All filtrates were evaporated
under vacuum at 60 °C using a rotary evaporator (Buchi,
Switzerland). The volume of sample adjust to 25 mL using
HPLC grade ethanol extracted and stored in refrigerator until
gas chromatography (Agilent, model 6890 n) analysis. The
experiments were carried out in triplicate.

Extraction of total oil using Soxhlet: Soxhlet extractions
were carried out in triplicate using 20 g (dry weight) mango
seed kernel powder with 300 mL of 95 % ethanol for 2 to 8 h.
Temperature during Soxhlet extraction was set at 70 °C. The
extracted oil was evaporated under vacuum at 60 °C using
arotary evaporator (Buchi, Switzerland). The extracted
sample was evaporated and prepared for GC analysis same
as Maceration.

Supercritical carbon dioxide (ScCO,) extraction using
various conditions: The mango seed kernels (20 g) were filled
in a cloth bag and put into the extraction vessel of ScCO,
extractor (SIB, Germany). Response surface methodology was
employed to optimize the operating conditions of ScCO, tech-
nique to obtain a high extraction yield. The studied parameters
and their concentration ranges were: Pressure (X,) at 15, 30,
45 MPa, temperature (X,) at 30, 45, 60 °C, co-solvent (ethanol)
(X3) volume 0, 10, 20 mL. The CO, flow rate was constant at
2 kg/h. The oil was collected at the end of the extraction. All
the experiments were performed in triplicate and each set of
yields was average.

Analysis of fatty acid constituent by gas chromatography:
The fatty acid constituents of the total oil yield extracted by
the Maceration, Soxhlet and ScCO, extraction techniques were
analyzed to determine the fatty acid profile using gas chroma-
tography (Agilent, model 6890n) analysis with In-house
method based on AOAC (2005), 996.06).

RESULTS AND DISCUSSION

Effect of solid to solvent ration on maceration: The total
extracted yield from mango seed kernel using hexane on
maceration extraction with different solid to solvent ratios (w/v)
(1:15 and 2:15) is shown in Fig. 1.

For material to solvent ratio 1:15, hexane could be deve-
loped extractive ability to get more extracted but needed more
extraction time that the maximum yield was 21.13 % at 8 h of
extraction time. While the solid to solvent ratio (2:15) gave
7.89 % at 8 h. It was demonstrated that solid to solvent ratio
had a negative effect in extraction by decreasing percent yield.
This is consistent with the driving force mass transfer’>* that
is the concentration gradient between the solid and the liquid,

6
Time (h) 7 8

Fig. 1. Influence of solid to solvent ratio (w/v) on the oil yield of hexane
maceration

which is greater when a higher solvent to solid ratio is used.
Due to the rates of extraction increased with a larger cencen-
tration gradient.

Types of solvent on Soxhlet: The effect of solvent types
of solvent on the oil yield using hexane and ethanol which
has different the polarity was studied as shown in Fig. 2.

35.00+— .t
30.00

40.00(%

< 25.001
- 20'00\ sHexane
2 15.00-

10.00+ 95% Ethanol

Fig. 2. Effect of solvent on the oil yield of Soxhlet at solid to solvent ratio
(w/v) of 1:15

From Fig. 2, 95 % ethanol could extract oil yield much
more than marceration and did experiment for 2 h to get the
best yield of 37.13 %. While hexane could extract the highest
yield only 20.14 % for 2 h of extraction. According to the fact
that the total extract yield kept on increasing with polarity of
organic solvent, the oil yield in the extracts of ethanol was
higher than that of hexane at all extraction times. Thus,
extraction of mango seed kernel using soxhlet could extract
for 2 h, due to economy cost of energy and saving times.

Comparison of maceration and Soxhlet techniques:
The comparison of maceration and Soxhlet techniques at solid to
solvent ratio (w/v) of 1:15 and using 95 % ethanol was investi-
gated the influence of temperature on extraction efficiency
yield of mango seed kernel at various times as shown in Fig. 3.

Soxhlet extraction showed the oil yield much more than
two times of maceration for all times and used only 2 h to get
the best yield of 37.13 %, but maceration could extract highest
yield at 12.97 % for 2 h. According to increasing tempe-
rature”**, it helps to enhance both the solubility of solute and
the diffusion coefficient. Extraction temperature is affected
by the extract mass transfer velocity and the equilibrium concen-
tration. Heating also might soften the plant tissue. Thus, the
oil extraction could be developed by increasing temperature.
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Fig. 3. Comparison of maceration and Soxhlet extractions on efficiency yield

Optimization of important factors for supercritical
carbon dioxide (ScCO,) extraction by response surface
methodology: The experimental values for the oil yields from
mango seed kernel were plotted in Figs. 4 to 6 at different
combinations of the independent variables as temperature,
pressure of extraction and amount of cosolvent (ethanol). The
predicted response (Y) using a second-order polynomial model
in terms of valuable xi described by eqn. 1 as following:

Y =5.456 — 0.082X, — 0.062X, — 0.156X; + 0.001X,X,
+0.002X,X; + 0.03X, X5 + 1.457 x 107X,* + 3.973
x 10°X,* - 0.001X5* (1)

where Y represents the response variables, X;, X, and X; are
pressure (MPa), temperature (°C) and amount of ethanol (mL).

The coefficient of determining (R,) was 0.912, indicating
adequate accuracy. They showed that the extractable oil content
from mango seed kernel increased with increasing temperature
(from 30 to 60 °C) and pressure at adding ethanol as cosolvent

2.50-3.00
=2.00-2.50
=1.50-2.00
=1.00-1.50
0.50-1.00
=0.00-0.50

Pressure (MPa)
no ethanol

Fig. 4. Per cent oil yield from ScCO, extraction by response surface
methodology (no ethanol)

2.62 -2.50-3.00
=2.00-2.50
=1.50-2.00
=1.00-1.50

0.50-1.00
=0.00-0.50

Pressure (MPa) /\Q)S

10 mL Ethanol

Fig. 5. Per cent oil yield from ScCO, extraction by response surface
methodology with 10 mL ethanol

=3.00-3.50
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0.50-1.00
=0.00-0.50

Pressure (MPa)

20 mL Ethanol

Fig. 6. Oil yield (%) from ScCO, extraction by response surface
methodology with 20 mL ethanol

(Figs. 5 and 6). According to the higher pressure of ScCO, for
extraction, the higher of solubility of oil in ScCO, and ethanol
for extraction. Whereas ScCO, extraction without ethanol
viewed the highest extracted oil value at pressure 15 MPa and
temperature 60 °C (Fig. 4). This occurrence might be due to
decomposed characteristic of oil. Also, pressure and temperature
have a significant effect of oil yield extraction from mango
seed kernel and effects of pressure depend on ethanol content
in ScCO, extraction. Because it may cause of moisture content
that block ScCO, (non-polar) to get into the material bed. From
eqn. 1, the highest oil yield was 3.13 % at pressure 45 MPa,
temperature 60 °C and using 20 mL of 95 % ethanol at 2 h
extraction time as shown in Fig. 6.

Fatty acid compositions in mango seed kernel oil: The
analysis of fatty acid obtained from mango seed kernel that
revealed the presence of fifteen compounds in Table-1. The

TABLE-1
FATTY ACID COMPOSITIONS OF MANGO
SEED KERNEL FROM VARIOUS EXTRACTIONS

Percent oil in sample

Fatty acid Marceration Soxhlet Sl}per-
critical
Hexane Ethanol | Hexane Ethanol CO,
Lauric acid (C12:0) 0.06 0.08 0.10 0.10 0.32
Myristic acid (C14:0) 0.13 0.16 0.12 0.15 0.28
Pentadecanoic acid (C15:0) 0.04 0.05 0.05 0.06 -
Palmitic acid (C16:0) 9.45 9.63 9.21 8.98 7.36
Heptadecanoic acid (C17:0)  0.17 0.17 0.19 0.19 -
Stearic acid (C18:0) 37.30 3390 | 36.03 35.19 33.20
Arachidic acid (C20:0) 1.99 1.96 1.96 1.74 11.63
Behenic acid (C22:0) 0.49 0.54 0.47 0.51 1.31
Tricosanoic acid (C23:0) 0.09 0.13 0.09 - -
Lignoceric acid (C24:0) 0.44 0.49 0.47 0.44 0.49
Total saturated fat 50.16 47.11 | 48.69 47.36 54.59
cis-9-Oleic acid (C18:1n9¢) 42.08 4295 | 43.16 43.06 38.74
cis-11-Eicosenoic acid 0.20 0.22 0.22 0.18 0.85
(C20:1n11)
Total monounsaturated fatty 42.28 43.17 | 43.38 4324 39.59
acid
cis-9,12-Linoleic acid 6.62 8.42 6.89 8.07 5.04
(C18:2n6)
o-Linoleic acid (C18:3n3) 0.89 1.30 1.05 1.32 0.78
cis-11,14-Eicosadienoic acid  0.05 - - - -
(C20:2)
Total polyunsaturated fatty 7.56 9.72 7.94 9.39 5.82
acid
Total unsaturated fat 49.84 52.89 | 51.32 52.63 4541
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results demonstrated that the quantities of fatty acids were no
significant differences between the mango seed kernel oils
extracted by ScCO, and conventional techniques. However
the quality of ScCO, extracted oil was obtained the saturated
fatty acid groups higher than convention techniques and much
more amount of arachidic acid which is an essential fatty acid.
Table-1. Fatty acid compositions of mango seed kernel from
various extractions.

Conclusion

For mango seed kernel oil extraction, Soxhlet with 95 %
ethanol as solvent was the efficient extraction to get extracted
0il 37.13 % at the solid to solvent ratio of 1:15 and 2 h extrac-
tion time. Hence the amount of matter yield by using organic
solvents will be always higher than that by using supercritical
fluids. The ScCO; extraction causes a fractionation of the oil
by depressurization, which permits the production of various
grades of oil with different fatty acid contents and no needed
to recover solvent as conventional techniques. The independent
parameters of ScCO, extraction was temperature, while effect
of pressure depended on the amount of cosolvent. Thus ScCO,
extraction is attractive method to extract fatty acid in mango
seed kernel.
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