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ABSTRACT

Cocoa butter was successfully extracted from cocoa liquor by supercritical carbon dioxide (SC-CO,) at 35 MPa,
60 °C and 2 mL/min with 5%, 15% and 25% cosolvents. The extraction yield of triglycerides (TG) and fatty acid
(FA) compositions were significantly influenced by the concentration of polar cosolvents. The SC-CO, extraction
efficiency was increased with cosolvent significantly. Ethanol was found to be the best cosolvent for cocoa
butter extraction using SC-CO, followed by isopropanol and acetone. The triglycerides of 1,3-dipalmitoyl-2-
oleoylglycerol (POP), 1-palmitoyl-2-oleoyl-3-stearoyl-glycerol (POS) and 1,3-distearoyl-2-oleoyl-glycerol
(SOS) were contained in the extracted cocoa butter with POS being the major component. Where palmitic,
stearic and oleic were the main fatty acids in the cocoa butter samples, with stearic being the highest component.
The lower molecular weight (MW) of TGs and FAs showed the higher selectivity compared to the high MW of
TGs and FAs. Thus, they were fractionated during the first stage of SC-CO, process.
Industrial relevance: The cocoa butter was successfully extracted from cocoa liquor by SC-CO, at 35 MPa, 60 °C
and 2 mL/min using different concentrations of polar cosolvents (ethanol, isopropanol and acetone). The ex-
traction yield was significantly (p < 0.05) influenced by the concentration of polar cosolvents. Similarly, polar
cosolvent concentration had significant (p < 0.05) effects on the TG and FA compositions. Ethanol was found
to be the most efficient polar cosolvent for cocoa butter extraction compared to isopropanol and acetone. POS
(42.2-45.9%) being the major triglycerdies component, followed by SOS (27.6-31.4%) and POP (20.3-22.7).
Palmitic, stearic and oleic acids were the main fatty acids in the extracted cocoa butter, with stearic being the
highest (34.9-37.8%), followed by oleic (30.3-31.8%) and palmitic (28.3-30.0%) acids, respectively. The choice
of modifiers becomes a great challenge and ethanol was shown to be the best polar cosolvent, and it enhanced
the solubility during the cocoa butter extraction by SC-CO,. This method can be feasibly implemented in the
cocoa industry for the production of high quality cocoa butter.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

led to a move towards cleaner extraction methods such as supercrit-
ical fluid extraction (SFE). Supercritical fluid extraction, mainly by su-
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Cocoa butter is highly demanded by food, cosmetic and pharma-
ceutical industries. Mechanical expression and solvent extraction
with hexane are generally employed for obtaining cocoa butter. How-
ever, there is an increasing concern of the health and safety hazards
associated with the use of organic solvents, while expression by hy-
draulic method often introduces contaminants into the cocoa butter
that must be removed later. Greater concern over the disposal of
such toxic organic solvents and their effect on the environment has
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percritical carbon dioxide (SC-CO,) is a potential alternative to the
customary methods of producing cocoa butter. It offers the advan-
tages of rapid, nontoxic, environmental-friendly, contamination-free
and easily manipulated conditions (Li & Hartland, 1996).

The efficiency of SFE process mainly depends on the solvent ca-
pacity of supercritical carbon dioxide. This can easily be modified by
varying pressure and temperature (Dauksas, Venskutonis, & Sivik,
1998; Francisco & Dey, 2003; Reverchon & Camillis, 1991). Due to
the poor solvent capacity of supercritical CO,, the addition of small
quantity of organic solvent as a cosolvent or modifier or entrainer
has also been recommended to increase the solubility of the analyte
or possibly to increase the separation of coextractives (Dobbs,
Wong, Lahiere, & Johnston, 1987; King, 1993a,b; King & France,


https://core.ac.uk/display/357359709?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.ifset.2013.06.010
mailto:jinap@upm.edu.my
mailto:sjinap@gmail.com
http://dx.doi.org/10.1016/j.ifset.2013.06.010
http://www.sciencedirect.com/science/journal/14668564
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ifset.2013.06.010&domain=pdf

E.K. Asep et al. / Innovative Food Science and Emerging Technologies 20 (2013) 152-160 153

1992; Reverchon & Camillis, 1991; Stahl, Quirin, & Gerald, 1988). In
fact, the organic solvent can improve selectivity of the target analytes
extracted by SC-CO, from the sample matrix, thus resulting in higher
extraction efficiency. Performing SFE procedure along with cosolvents
usually results in higher extraction efficiency than that obtained by
pure CO,.

As mentioned earlier, an alternative for improving the solvent capac-
ity of nonpolar carbon dioxide is to use another solvent with higher po-
larity. However, there are several practical limitations. Supercritical
ammonia would be very attractive from the view point of solvent
strength, but it is difficult to pump since it tends to dissolve pump seal.
Furthermore, it is also a chemically reactive solvent, thus making it too
dangeraous for routine use (Hawthorne, 1990). Other solvents like
methanol and isopropanol may also be exellent supercritical solvents,
but their high critical temperatures make it difficult to attain the super-
critical states. Other cosolvents such as acetone and isopropanol have
also been used as the second polar cosolvent for commercial deoiling
processes. Hence, a polar modifier is usually added to supercritical
carbon dioxide to remove the highly polar organic compounds. The mod-
ifier enhances the solubility of SC-CO,, thereby increasing the extraction
efficiency. Moreover, the modifier interacts with the analyte/matrix
complex to promote rapid desorption into the supercritical fluid
(Luque de Castro & Garcia-Ayuso, 1998).

Ethanol is commonly used as cosolvent or modifier for the extraction
of natural products because the toxicity of ethanol to the human body
is low (Catchpole, Grey, & Noermark, 1998; Temelli, 1992; Walsh,
Greenfield, Ikonomou, & Donohue, 1989; Walsh & Ikonomou, 1987). Fur-
thermore, it can be easily removed from the food matrix although there
is a limited information regarding the effect of ethanol and other
cosolvents on the SC-CO, extraction of cocoa butter. Thus, the objective
of this study was to investigate the effect of type and concentration of
polar cosolvents (ethanol, isopropanol and acetone) on the extraction ef-
ficiency and selectivity, and TG and FA profiles of cocoa butter extracted
by using SC-CO,. The overall quality of extracted cocoa butter was deter-
mined by the qualitative and quantitative analyses of TG profile and FA
composition. The SC-CO, extraction process was carried out at different
concentrations (5, 15 and 25%, mol%) of cosolvent.

2. Materials and methods
2.1. Materials

Cocoa liquor samples (size of diameter = ~0.074 mm) were pur-
chased from K.L. Kepong Sdn. Bhd., Port Klang Malaysia. Liquid CO,
with a purity of 99.9% was obtained from Malaysian Oxygen (MOX),
Petaling Jaya, Selangor, Malaysia. Chromatography grade solvents
(i.e. petroleum ether, methanol and acetonitrile) and cosolvents (i.e.
ethanol, acetone, isopropanol) and standard of triglycerides, fatty
acid methyl esters were supplied by Sigma Aldrich Sdn. Bhd. (Petaling
Jaya, Malaysia), Chemolab Sdn. Bhd. (Kuala Lumpur, Malaysia) and
Fisher Scientific Sdn. Bhd (Shah Alam, Malaysia), respectively.

2.2. Supercritical fluid extraction (SFE) method

The SFE apparatus consisted of 2 intelligent high performance lig-
uid chromatography (HPLC) pump (model PU-1580, Jasco Corpora-
tion, Tokyo, Japan), i.e. CO, pump and cosolvent pump. The CO,
pump was fitted with a cooling jacket to deliver CO, and cosolvent
pump to deliver cosolvents (as modifier/entrainer). In order to cool
the pump head of CO, pump, ethylene glycol-deionized water mix-
ture (50:50, v/v) was circulated through the cooling jacket using a
low temperature bath circulator (model 631D, Tech-Lab Manufactur-
ing Sdn. Bhd., Petaling Jaya, Malaysia) which can deliver coolant
down to —20 °C. A 10 g of sample was loaded into a 50 mL extraction
vessel (model EV-3, Jasco Corporation, Tokyo, Japan) that was placed
in column oven (model CO-1560, Jasco Corporation, Tokyo, Japan).

The column oven was used to maintain the extraction temperature.
Both CO, and cosolvent pump were connected to extraction vessel
which was placed inside the column oven to maintain the extraction
flow rate of fluid. A back pressure regulator (BPR) (model BP-1580-81,
Jasco Corporation, Tokyo, Japan) was used to control the extraction pres-
sure. The extraction was carried out at 35 MPa pressure, 60 °C extraction
temperature and 2 mL/min flow rate using the mixture of cosolvent
and carbon dioxide. Ethanol, isopropanol and acetone were used as
polar modifiers at the cosolvent/CO, concentration ratios of 5, 15 and
25% (mol%). A 100 mL of blue cup bottle was used as a collection vessel.

The concentrations of cosolvent were determined based on the
actual volume of cosolvent delivered into a known volume of liquid
carbon dioxide. In this approach, the actual molar percentage of
cosolvent to carbon dioxide would change as the density of carbon
dioxide varied as the pressure changed. The molar percentage of
cosolvent in carbon dioxide was calculated by the following equation:

(Vcosolvent) x (pcosolvent)
~ MWocosolvent (1 )
Vcosolvent)x (pcosolvent) | (VCO2)x(pCO2)
MW cosolvent + MWCO2

mol¥ cosolvent in CO, = i

where V is the volume, p is the density at 35 MPa and 60 °C, and MW
is the molecular weight.

2.3. Determination of yield

The initial weight of the 100 mL test tubes used for collecting the
yield of the extracted cocoa butter was measured gravimetrically
using 3 digital balance (Mettler-Toledo (M) Sdn Bhd, Selangor,
Malaysia). After SFE extraction, the test tubes containing the extracted
fat were transferred into a desiccator and held at room temperature
until the constant weight was obtained. The residue of cosolvents was
evaporated from the extracted fat using a rotary evaporator (model
WB/VV 2000, Heidolph, Schwabach, Germany) under vacuum at
temperature of 70 °C; the extracted fat was then placed in an oven
(model ULM 500, Memmert, Schwabach, Germany) at 45 °C for
30 min and later transferred into the desiccator for drying. Yield was
calculated by dividing the percentage of cocoa butter in the samples
with 53% factor amount of cocoa butter in cocoa nibs, determined by a
Soxhlet method using petroleum ether accoding to AOAC (AOAC,
1998). The expression of yield was calculated by the following equation:

weight of sample

[ weight of fat ] % 100%
Yield (wt% fraction) = 53 . (2)

2.4. Determination of triglycerides

Triglycerides composition was determined by HPLC according to the
AOCS method (AOCS, 1993). Ten percent cocoa butter solution was pre-
pared using acetone as solvent. The solution was then filtered using TE
36 membrane filter (PTFE; 0.45 pm) (Millipore, Massachusetts, USA)
before being filtered through the Sep-Pak Plus Silica cartridge (Waters,
Virginia, USA) to discard any impurities. Determination of triglyceride
was conducted using Waters (Virginia, USA) HPLC instrument, model
600 controller and model 410 RI detector, and C18 column (3.9 mm
id x 300 mm length), with a column temperature of 30-35 °C, column
pressure of 5-6 MPa, flow rate of mobile phase (acetone/acetonitrile
75:25 v/v) of 1 mL/min and injection volume of 10 pL. The value of tri-
glycerides was expressed as a percentage. All analyses were done in
three replications and duplicate injections.

2.5. Determination of fatty acid methyl esters (FAMEs)
The fatty acid composition of fat mixtures was determined as fatty

acid methyl esters (FAMEs) using gas chromatography (AOCS, 1993).
Restek Rtx-2330 column (Restek Corporation, Pennsylvania, USA)
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(30 m; 0.25 mm; 0.2 um) was used. FAMEs were prepared by dissolv-
ing 0.05 g sample into 0.8 mL petroleum ether (b.p. 40-60 °C) and
02mL of 1M sodium methoxide (30% methanol in sodium
methoxide) was added. The mixture was then shaken gently using
an autovortex (Stuart, Manchester, U.K.) for 30 s and kept for 5 min
for it to form two layers. A volume of 0.5 pl of the upper layer was
injected into an injector port of gas chromatography GC HP 5890A
(Hewlett Packard, Wilmington, USA) with the temperature pro-
gramme that started at 115 °C, a heating rate of 6 °C/min and a final
temperature of 200 °C (AOCS, 1993). Analysis was carried out at 5,
10 and 15 h extraction time of cocoa butter with three replications.

2.6. Selectivity (a)

The effect of cosolvents on TG profile and fatty acid (FA) composi-
tion of cocoa butter extracted by SC-CO, process was determined by
estimating the selectivity (o) using the following equation:

_ (X0 /[(X0)s]
[(X2)g] /[(X2)s]

(@)

()

where (X;)gx and (X5)g denote concentration of two different TGs or
FAs in the extract phase (supercritical fluid); while (X;)s and (X5)s are
the concentration of two different TGs or FAs in the solid phase
(Soxhlet extraction) (Li & Hartland, 1992; Rossi, 1996; Rossi,
Arnoldi, Salvioni, & Schiraldi, 1989; Scheider, Kautz, & Tuma, 2000).
The selectivity (o) of TG was calculated by comparison of TG relative
to POS (C52) as the major TG of cocoa butter. Similarly, the selectivity
(o) of FA was calculated by comparison of FA relative to stearic acid
(C18:0) as the major FA of cocoa butter. The cocoa butter was also
extracted by a Soxhlet method (AOAC, 1998).

2.7. Statistical analysis

The data obtained from the measurements were subjected to anal-
ysis of variance (ANOVA) to determine the significant differences
among all treatments using the SAS software Version 8 (TS M1, SAS
Institute Inc., NC, USA). The experimental data were reported as the
mean =+ SD of independent trials. Significant differences among all
treatments were determined by Duncan's multiple test at significant
level of p < 0.05.

3. Results and discussion
3.1. Effects on the yield

The effects of ethanol as a polar cosolvent on the efficiency of
cocoa butter extraction using SC-CO-, are shown in Fig. 1. The results
show that the concentration of ethanol had a significant (p < 0.05) ef-
fect on the extraction yield of cocoa butter extracted by SC-CO, at
35 MPa, 60 °C and a flow rate of 2 mL/min. The extraction yield in-
creased as the concentration of ethanol was increased. The addition
of 25% ethanol (Es3) resulted in 100% extraction efficiency after16 h
of extraction time; the efficiency decreased to 97.50% and 92.45%
with the addition of 15% and 5% ethanol at the same extraction
time. Asep, Jinap, Russly, Harcharan, and Nazimah (2008) reported
that a supercritical fluid of cocoa butter extraction from cocoa liquor
using SCF with pure CO, for nearly 16 h and found a relatively high
extraction yield of 83.25%, and prolonging the extraction time up to
28 h resulted in 100% extraction yield. This indicates that the yield
of cocoa butter extracted increases with cosolvent concentration.
Every concentration of ethanol used in the study produced a higher
yield of cocoa butter compared to that of pure CO, and significantly
(p <0.05) increased the SC-CO, extraction efficiency. The hydroxyl
group in the chemical structure of ethanol may form a hydrogen
bond to enhance the solute solubility. Ethanol may also substantially
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Fig. 1. The yield of cocoa butter extracted from cocoa liquor using ethanol as cosolvent
in SC-CO, at 35 MPa, 60 °C and 2 mL/min as a function of ethanol concentration and
the extraction time.

increase the solubility of cocoa butter. Li and Hartland (1996) report-
ed that the addition of ethanol as a cosolvent significantly (p < 0.05)
enhanced the solubility of cocoa butter depending on the concentra-
tion of ethanol, thereby increasing the extraction efficiency of cocoa
butter up to 25-33% w/w of ethanol where the extraction efficiency
became constant. Cocero and Calvo (1996) reported that the solubil-
ity of sunflower oil in CO, is enhanced at a rate of 5 g/kg CO, for each
percent (by weight) of ethanol added to SC-CO, at 30 MPa and 42 °C.
The ability to dissolve cocoa butter by using a sufficient amount of

100

90 ~

80 ~

70 A

60 -

50 A

40 -

Yield (wt%)

30 +

20 1

0 T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Extraction Time (h)

—— 5% Isopropanol —#-15% Isopropanol —#—25% Isopropanol

Fig. 2. The yield of cocoa butter extracted from cocoa liquor using isopropanol as
cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min as a function of isopropanol con-
centration and the extraction time.
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Fig. 3. The yield of cocoa butter extracted from cocoa liquor using acetone as cosolvent
in SC-CO, at 35 MPa, 60 °C and 2 mL/min as a function of acetone concentration and
the extraction time.

ethanol as a cosolvent was found to be higher than that obtained by
either CO, or ethanol alone. The cosolvent can facilitate selective sep-
aration of solutes with different polarities, hydrogen bonding and
abilities for association or complexation ability (Dobbs et al., 1987).
The solvent power of SC-CO, could be increased by the addition of
a small amount of cosolvents, and the effect is dependent on the con-
centration of the cosolvent in the supercritical phase, which is deter-
mined by the phase behaviour of the mixture under operating
conditions (Olimpio et al., 2005). Shi et al. (2009) also reported that
the effect of ethanol as a polar cosolvent is higher than the effect of
water on lycopene yields at both temperatures because ethanol can
interact with the matrix and facilitate analyst adsorption.

Fig. 2. shows the effects of isopropanol concentration on the ex-
traction yield of cocoa butter obtained at 35 MPa, 60 °C extraction
temperatures and a flow rate of 2 mL/min. A significant (p < 0.05)
difference was found between the extraction yields obtained at
different concentrations of isopropanol; the extraction yield signifi-
cantly (p < 0.05) increased with an increase in the concentration of
isopropanol. In fact, the concentration of isopropanol had a significant

Table 1

(p < 0.05) effect on SC-CO, extraction efficiency. The results indicate
that an increase in the concentration of isopropanol would result in
the increase of cocoa butter solubility. The SC-CO, extraction using
25% isopropanol (I3) for 16 h resulted in the highest extraction yield
(96.70%) of cocoa butter; the yield decreased by 68.26% and 46.01%
when 15% and 5% isopropanol were added as a cosolvent, respective-
ly. The extracted cocoa butter obtained by a low concentration (i.e.
15% or 5% w/w) of isopropanol was found to be less than that by
pure CO, (Asep et al., 2008). The yield obtained from isopropanol
was similar to that from ethanol as the polarity of isopropanol
(1.66 D) was quite similar to that of ethanol (1.69 D).

The extraction yield of cocoa butter was significantly (p < 0.05)
influenced by the concentration of acetone (Fig. 3). The SC-CO, ex-
traction using 15% acetone (AC;) for 16 h resulted in the highest ex-
traction yield (84.07%), while the smallest extraction efficiencies of
76.50% and 70.20% were achieved by the addition of 25% and 5% ace-
tone, respectively. As also shown in Fig. 3, a relatively high extraction
yield (76.50%) was obtained by using 25% acetone (ACz). This finding
was consistent with those reported by Machmudah, Shotipruk, Goto,
Sasaki, and Hirose (2006) who reported that at higher concentrations
of acetone, low amounts of astaxanthin were extracted by SC-CO,
due to the decrease in the density of the supercritical fluid. Further-
more, the extraction selectivity of astaxanthin may also become
smaller, as other components of the feed matrix could be easily
extracted.

The nonpolar solvents tend to most efficiently dissolve nonpolar
solutes such as hydrocarbons, while more polar solvents tend to
most efficiently dissolve more polar solutes. The dipole moment of
acetone (2.91 Debye, D) was more polar than ethanol (1.69 D) and
isopropanol (1.66 D). However, because acetone had a smaller mo-
lecular interaction with the solute through hydrogen bounding, the
yield of cocoa butter extraction was much lower.

3.2. Effects on triacylglycerol profile and selectivity (a)

As shown in Tables 1 to 3, several TG profiles of cocoa butter
extracted by SC-CO, at 35 MPa, 60 °C and 2 mL/min were significant-
ly (p < 0.05) affected by the cosolvent (i.e. ethanol, isopropanol and
acetone) concentrations except in the effect of ethanol (I) on POS
(Ea, E3), POP (5 h), POS (10, 15 h) and other TGs (5, 10 h), in the ef-
fect of isopropanol (I) on POS (Is), other TGs (I3), POP (5 h), POS
(5 h), SOS (5 h), and other TGs (5 h), and in the effect of acetone
(AC) on POP (AC3), other TGs (AC;) and others TG (10, 15 h). The re-
sults demonstrated that cocoa butter extracted under different pro-
cessing conditions mostly contained three main TGs namely POS,
POP and SOS.

Triacylglycerols composition (area %)* changes of cocoa butter extracted from cocoa liquor with ethanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with different eth-

anol concentration and extraction time.

Sample” Triacylglycerols compositions

5 h extraction time 10 h extraction time 15 h extraction time

POP POS SOS OthersY POP POS SOS Others” POP POS SOS OthersY
E; 23.15% 43.485° 28.6952 468" 20.995° 45.46" 29420 4,14 20.19° 45.85% 29.93A° 4,03%
(5%) +1.03 +1.23 +0.52 +0.33 +1.03 +1.19 +0.70 +0.56 +1.20 +1.26 +0.41 +0.44
E, 22.41%° 44.81°° 28.03° 4.75% 20.4282 45250 29.8952 44482 20.27%° 45377 30.6072 3.76°
(15%) +1.02 +1.57 +0.69 +0.96 +1.23 +1.84 +1.13 +1.99 +1.12 +2.36 +0.79 +1.06
E; 23.04 44,987 27.26 4.72m 22.138¢ 45577 27.86% 4438 21.69< 45,697 28.53A¢ 4.09%
(25%) +1.25 +1.65 4148 +0.75 4098 +1.25 +1.57 +£1.01 +0.58 +1.05 +0.72 4035

A-C Means within a row with different letters are significantly different (p < 0.05).

2-d Means within a column with different letters are significantly different (p < 0.05).
“ Means value 4 standard deviation of three replications.
B Cocoa butter extracted obtained from cocoa liquor by ethanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with concentration of ethanol 5% (E,), ethanol 15% (E,)

and ethanol 25% (E3).

Y PLIO, PLiP, POO, SO0, and SOA where P = palmitic, O = oleic, S = stearic, Li = linoleic, A = arachidic.
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Table 2
Triacylglycerols composition (area %) changes of cocoa butter extracted from cocoa liquor with isopropanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with different
isopropanol concentration and extraction time.

Sample” Triacylglycerols compositions

5 h extraction time 10 h extraction time 15 h extraction time

POP POS S0S Others” POP POS S0OS Others” POP POS S0S Others”
I 21.7182 45,054 29.0182 4.23Cab 20.398¢ 44,050 30.574° 3.997 20.145¢ 40.07%° 30,920 4.87°%
(5%) +1.07 +1.19 +0.50 +0.26 +0.91 +0.90 +0.51 +0.33 +1.92 +1.01 +0.62 +0.34
I, 21.07%° 45.60" 29.12¢ 421 21.04%° 42.745¢ 31.18% 5.037 20.585> 42.598¢ 31.85% 4,985
(15%) +1.06 +1.52 +0.67 +0.75 +1.09 +1.40 +0.81 +1.16 +1.80 +1.89 +1.19 +0.82
I3 21.15%° 457172 28.8472 430% 22,0342 458372 27.73%¢ 4418 22.00% 45777 27.708¢ 4537¢
(25%) +1.30 +1.59 +1.43 +0.59 +0.87 +0.96 +1.13 +0.59 +0.93 +0.84 +1.08 +0.27

A-C Means within a row with different letters are significantly different (p < 0.05).
2-d Means within a column with different letters are significantly different (p < 0.05).

® Means value + standard deviation of three replications.

P Cocoa butter extracted obtained from cocoa liquor by ethanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with concentration of isopropanol 5% (I;), isopropanol 15%
(I) and isopropanol 25% (I3).

Y LiO, PLiP, POO, SO0, and SOA where P = palmitic, O = oleic, S = stearic, Li = linoleic, A = arachidic.

Table 3

Triacylglycerols composition (area %) changes of cocoa butter extracted from cocoa liquor with acetone as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with different ac-
etone concentration and extraction time.

Sample” Triacylglycerols compositions

5 h extraction time 10 h extraction time 15 h extraction time

POP POS SOS Others” POP POS S0S OthersY POP POS S0S Others”
AC, 23.014 443380 2851 4.144¢ 21.11%° 45,15 29,595 4.16% 20.34% 45.44" 30.164° 4,065
(5%) +1.16 +1.12 +0.50 +0.27 +0.94 +1.03 +£0.69 +0.42 +1.52 +1.01 +0.53 +0.39
AC, 22.377° 45307 27.98% 43580 21.145° 42.945> 31.338 459" 21.07%° 432180 31.817 391
(15%) +1.15 +1.43 +0.66 +0.81 +1.12 +£1.60 +£1.10 +1.49 +1.42 +1.89 +1.03 +0.95
ACs 21.405¢ 448252 29.1142 467" 22,03 45837 27.73%¢ 4418 21.5982 45.95% 28.39% 4,07%
(25%) +1.41 +1.50 +1.41 +0.63 +0.90 +1.09 +1.54 +0.76 +0.74 +0.84 +0.93 +0.31

A-€ Means within a row with different letters are significantly different (p < 0.05).
2-d Means within a column with different letters are significantly different (p < 0.05).

® Means value + standard deviation of three replications.

P Cocoa butter extracted obtained obtained from cocoa liquor by acetone as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with concentration of acetone 5% (AC;), acetone
15% (AC;) and acetone 25% (ACs).

Y PLIO, PLiP, POO, SOO, and SOA where P = palmitic, O = oleic, S = stearic, Li = linoleic, A = arachidic.

The results also show that POS, SOS and POP were the major TGs
extracted in decreasing order (Tables 1, 2 and 3); for ethanol, POS

1.40 o9 BOHPOPPOS (43.48-45.85%), SOS (27.26-30.60%) and POP (20.19-23.15%); for
tOH - .
B 15% E(OH - POP/POS isopropanol POS (40.07-45.83%), SOS (27.70-31.85%) and POP (20.14-
A 25% EtOH - POP/POS
1304 X 5% EtOH - SOS/POS
. z 15% EtOH - SOS/POS 1.40
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Fig. 4. Selectivity (o) of triacylglycerols (TG) as function of ethanol concentration as Fig. 5. Selectivity (o) of triacylglycerols (TG) as function of isopropanol concentration
cosolvent and extraction time on cocoa butter extraction using SC-CO, at 35 MPa as cosolvent and extraction time on cocoa butter extraction using SC-CO, at 35 MPa

and 60 °C, whereas others TG are PLiO, PLiP, POO, SOO and SOA. and 60 °C, whereas others TG are PLiO, PLiP, POO, SOO and SOA.
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1.40
& 5% Acetone - POP/POS
B 15% Acetone - POP/POS
A 25% Acetone - POP/POS
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Fig. 6. Selectivity () of triacylglycerols (TG) as function of acetone concentration as
cosolvent and extraction time on cocoa butter extraction using SC-CO, at 35 MPa
and 60 °C, whereas others TG are PLiO, PLiP, POO, SOO and SOA.

22.03%); and for acetone, POS (42.94-45.95%), SOS (27.73-31.81%) and
POP (20.34-23.01%). The proposed TG profiles of cocoa butter were sim-
ilar to the typical TG composition reported by Rossi et al. (1989).

Table 4

157

The results also clearly indicated that the TG profile was signifi-
cantly (p < 0.05) influenced by the cosolvent concentration and ex-
traction time (Tables 1, 2 and 3). For instance, the percentage of
POP decreased with an increase in the concentration of cosolvent
and extraction time. Conversely, the percentages of POS and SOS in-
creased as the cosolvent concentration and extraction time were in-
creased. These observations could be explained by the fact that POP
was more soluble than POS and SOS. Hence, it was differentiated by
the first stage of SC-CO, extraction process, while POS and SOS
were eluted in the second stage of SC-CO, extraction.

The separation of TGs during SC-CO,, extraction was clearly shown
by the selectivity (o) in Figs. 4, 5 and 6, where the selectivity (o) var-
iation of TGs could be seen as a function of polar cosolvent concentra-
tion and extraction time. The selectivity of POP increased with the
addition of 5% ethanol, followed by 15% and 25% ethanol (Fig. 4).
However, the concentration of ethanol had significant (p < 0.05) neg-
ative effects on the selectivity of SOS, in which the selectivity of SOS
decreased with increasing concentration of ethanol. The highest
selectivity of SOS was obtained by using 5% ethanol (Fig. 4). Further-
more, the selectivity of POP inconsistently changed with an increase
in the isopropanol concentration. A significant change (p < 0.05) in
the selectivity of POP and SOS was achieved by the addition of
5% and 15% isopropanol, respectively, while the addition of 25%
isopropanol did not produce a significant change (p > 0.05) in the se-
lectivity of SOS (Fig. 5). Similarly, the selectivity of POP was inconsis-
tently affected as the acetone concentration was increased (Fig. 6).
The addition of 5% acetone produced a significant change (p < 0.05)
in the selectivity of POP, whereas that of 15% or 25% isopropanol did
cause a significant change (p > 0.05) for POP.

The selectivity of TG was significantly (p < 0.05) affected by ex-
traction time and cosolvent concentration. This finding could be due

Fatty acid composition (area %) changes of cocoa butter extracted from cocoa liquor by ethanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min of flow rate with different

ethanol concentration and extraction time.

Sample® 5 h extraction time 10 h extraction time 15 h extraction time

C16:0 C18:0 C18:1 C18:2 Others” (C16:0 C18:0 C18:1 C18:2 OthersY C16:0 C18:0 C18:1 C18:2 OthersY
E; 29907 3495%  31.44M  238%  133A°  2900% 3557  31.82%° 246" 116  28.03% 3693 31614  238%  1.05
(5%) +143  +136 +046 +056 +0.66 +141 +£104 +032 +£036 +045 +175 +034 +098 +077 +050
E, 29354 3504% 3172 2518 168" 2006 3513%° 317247 260" 1509 2827%  3652%  3124% 2399  157%
(15%) +141  +174 4+061 +164 +188  +£133 +126 +£041 +£100 +£122 +£166 +081 +£213 +£183  +£057
E; 29.09%° 355881 3133A 252 1487 283780 36958  31,01°°  2.36% 1.31%°  28.03% 37024 31374 231 127
(25%) +1.74  +183 +131 +128 +146 +155 +126 +083 +074 +091 +1.08 +1.08 +1.03 +088 +024

A-C Means within a row with different letters are significantly different (p < 0.05).
47¢ Means within a column with different letters are significantly different (p < 0.05).
“ Means value 4 standard deviation of three replications.

B Cocoa butter extracted from cocoa liquor obtained by ethanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with concentration of ethanol 5% (E;) ethanol 15% (E,) and

ethanol 25% (Es).
¥ C12:0, C14:0 and C18:3.

Table 5

Fatty acid composition (area %)“ changes of cocoa butter extracted from cocoa liquor by isopropanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min of flow rate with dif-

ferent isopropanol concentration and extraction time.

Sample® 5 h extraction time 10 h extraction time 15 h extraction time

C16:0 C18:0 C18:1 C18:2 OthersY (C16:0 C18:0 C18:1 C18:2 Others¥ C16:0 C18:0 C18:1 C18:2 Others”
I 29607 35077 3153A 2560 1247 2915% 3730 3003% 235" 1178 2923%  3720%  30.10%  220% 118
(5%) +068  +111  £061 +095 +056 +£097 +£087 +045 +£062 +027 +143 +030 +155 +060 +0.16
I, 28.32%°  36.40% 31.05"  226%  197% 20814 3570%° 3054%  269% 1279 2959% 35817  3064% 2709 126%™
(15%) +098 +136 4+045 +051 +£053 £134 £102 +£032 £032 +£024 +£170 +024 +089 +060 +£021
Is 28517 37905  30.14" 258" 087" 28.03%° 3692 30.34"° 264" 1.08%° 2837%  38.38% 29744  243® 1,09
(25%) +097 4174 4+060 +150 +150 +126 +124 +040 +089 +064 +161 +058 +194 +£142 +024

A-C Means within a row with different letters are significantly different (p < 0.05).
47¢ Means within a column with different letters are significantly different (p < 0.05).
“ Means value 4 standard deviation of three replications.

B Cocoa butter extracted obtained from cocoa liquor by isopropanol as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with concentration of isopropanol 5% (I;) isopropanol

15% (1) and isopropanol 25% (Is).
¥ C12:0, C14:0 and C18:3.
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Fatty acid composition (area %) changes of cocoa butter extracted from cocoa liquor by acetone as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min of flow rate with different

acetone concentration and extraction time.

Sample” 5 h extraction time 10 h extraction time 15 h extraction time

C16:0 C18:0 C18:1 C18:2 OthersY (C16:0 C18:0 C18:1 C18:2 Others” C16:0 C18:0 C18:1 C18:2 Others”
AG 29.79% 3650  29.98% 2490  124°° 20818 3657 3000 253" 1.09%¢ 2954% 37.14% 2973 2518 1,08
(5%) +1.03  £101 +£031 +056 +059 +140 +£1.02 +047 +048 +036 +131 +£030 +060 +039 +035
AC, 29.60%° 34658 31.98% 2538 13747 29334 3536%° 3083% 262"  1.86% 2889% 3626% 30874 245 153
(15%) +1.02  £129 +041 +£165 +169  +£132 +£124 +059 +£134 +098 +125 £073 +131  +092  +041
ACs 29.36%° 34618 31128 2578 1344 30385 3521M  3059% 2538 1538 28718 37.92% 29714 236 129
(25%) +125 +£136  +087 +129 +132 +154 +£124  +120 +£099 +072 +081 +097 +063 +044 +0.17

A-C Means within a row with different letters are significantly different (p < 0.05).
47¢ Means within a column with different letters are significantly different (p < 0.05).
@ Means value + standard deviation of three replications.

P Cocoa butter extracted obtained from cocoa liquor by acetone as cosolvent in SC-CO, at 35 MPa, 60 °C and 2 mL/min with concentration of acetone 5% (AC;) acetone 15% (AC,)

and acetone 25% (AC3).
¥ (C12:0, C14:0 and C18:3.

to the difference between the solubility of the three main TGs (i.e.
POP, SOS and POS) (Asep et al., 2008; Scheider et al., 2000; Soares,
Gamarra, Paviani, Gongalves, & Cabral, 2007). In this case, the amount
of short-chain TGs decreased, whereas that of the long-chain TGs in-
creased. This observation was also reported in a previous study (Arul,
Boudreau, Makhlouf, Tardif, & Sahasrabudhe, 1987). The results
indicate that the variation of POP composition was significantly
(p < 0.05) higher when the extraction process was performed using
5% ethanol (Fig. 4), followed by 15% isopropanol (Fig. 5) and 5% ace-
tone (Fig. 6). In fact, the addition of a low concentration of polar
cosolvents resulted in the highest selectivity and excessive concen-
tration resulted in less selectivivity for POP.

The same trend was observed for SOS. The highest variation of
SOS selectivity was obtained by using 15% ethanol, followed by 5%
and 25% ethanol (Fig. 4). However, the addition of 5% or 25% polar
cosolvent did not significantly (p > 0.05) induce a change in the SOS
selectivity. Opposite patterns in the selectivity of POP and SOS were
observed. In fact, POP was more quickly extracted at the beginning
of the extraction process whereas SOS was more quickly extracted
at the end. Soares et al. (2007) reported that the solubility of the
pure TGs was significantly (p < 0.05) influenced by the temperature
and length of fatty acid chains. The authors also found that the solu-
bility of the supercritical carbon dioxide varied as a function of the
molecular weight of triacylglycerols containing saturated fatty acids.
In fact, the low-molecular-weight triacylglycerols provided higher
solublility compared to the high molecular weight triacylglycerols.
This observation indicates that lower-molecular-weight POP would
be extracted more quickly than the higher-molecular-weight SOS.

3.3. Effects on fatty acid methy! ester profile and selectivity ()

The results obtained from the GC analysis of fatty acid composition
are shown in Tables 4, 5 and 6. The results showed that C16:0, C18:0
and C18:1 were found to be the three main fatty acids (FA) in the
cocoa butter. In general, the concentration of ethanol and acetone
were varied and showed significant (p > 0.05) effects on the fatty
acid profile, except in the effect of ethanol (E) on C18:0 (E, E3),
other FA (15 h), and in the effect of acetone (AC) on C16:0 (AGCs),
C18:0 (AGC,, AG3), C16 (5, 10, 15 h), C18:0 (5, 10, 15 h), C18:1 (5,
10 h) and other FA (10, 15 h). On the other hand, the concentration
of isopropanol was also varied and had a significant (p < 0.05) effect
on the fatty acid profile, except for C16:0 (I3), C18:0 (I3), C18:1 (I,
I3), C18:2 (14, I3), other FA (Iy, I3), C18:1 (15 h), C18:2 (5, 10, 15 h)
and other FA (10 h). As shown in Tables 4 to 6, C18:0 (34.95-
37.02%) followed by C18:1 (31.01-31.82%) and C16:0 (28.03-
29.90%) were found to be the three major fatty acids as ethanol was
used as a polar cosolvent. The results also show that C18:0 (35.07-
38.38%), C18:1 (30.03-31.53%) and C16:0 (28.03-29.59%) were
identified as the major FA when isopropanol was used as a cosolvent.

Furthermore, the results show that C16:0 (34.61-37.92%), followed
by C18:1 (29.71-31.98%) and C18:0 (28.71-30.38%), was found to
be the major fatty acid, as acetone was added as a polar cosolvent.

As shown in Tables 4, 5 and 6, C16:0 and C18:0 profiles decreased as
the cosolvent concentration and the extraction time were increased. On
the other hand, C18:1 and C18:2 increased with an increase in the
cosolvent concentration and prolonged extraction time. These results
indicate that during extraction, more soluble fatty acids, C16:0 and
C18:0, came out in the first stage of extraction using SC-CO,, followed
by less soluble fatty acids C18:1, and C18:2, which came out in the sec-
ond stage.

a)C16:0 and C18:1

1.70
® 5% EtOH - C16:0/C18:0 R
1.60 4 ® 15% EtOH - C16:0/C18:0
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1.50 { x 5% EtOH - C18:1/C18:0
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2
= 1.30 -
8
E 1.20 1 :
1.10 4 4 '
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b) C18:2 and others FA (C12:0, C14:0, C18:3 and C20:0)
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Fig. 7. Selectivity () of fatty acid methyl esters as function of ethanol concentration as
cosolvent and extraction time on cocoa butter extraction using SC-CO, at 35 MPa and

60 °C.
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a)C16:0 and C18:1
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Fig. 8. Selectivity (o) of fatty acid methyl esters as function of isopropanol concentra-
tion as cosolvent and extraction time on cocoa butter extraction using SC-CO, at
35 MPa and 60 °C.

Our study clearly shows that in the extraction of cocoa butter using
SC-CO, at 35 MPa 60 °C, the polar cosolvent's concentration and ex-
traction time show significant effects (p < 0.05) on the selectivity (o).
In general a 25% polar cosolvent concentration showed the largest in-
crease in C16:0 selectivity (a), followed by 15 and 5%, respectively.
The effects of ethanol, isopropanol and acetone concentrations on the
selectivity for different FAs are shown in Figs. 7, 8 and 9, respectively.
There was a large increase in the selectivity of C16:0 with an increase
in extraction time and the addition of 25%, followed by 15% ethanol.
However, C18:1, C18:2 and other FAs showed a small variation in the
selectivity with the addition of ethanol for all cosolvent concentrations.
It is clear that C16:0 was separated more rapidly compared to C18:1,
C18:2 and other FAs during extraction (Fig. 7a-b). For isopraponol, a
larger increase in the selectivity of C16:0 was observed with the addi-
tion of 25% ethanol, followed by 15% ethanol. Similarly, other FAs
showed large changes in the selectivity with the addition of 25%
isopropanol (Fig. 8). However, unsaturated FAs (C18:1, C18:2) showed
a small change in selectivity. As with ethanol, the saturated C16:0 was
also separated more rapidly compared to the unsaturated fatty acids,
C18:1 and C18:2, during the SC-CO, extraction of cocoa butter using
isopropanol. These results are consistent with those of other studies
on SC-CO, fractionation of crude palm oil (Markom, Singh, & Hasan,
2001; Zaidul, Norulaini, Mohd Omar, & Smith, 2007a, 2007b), in
which the lower-molecular-weight compounds such as saturated FAs
were separated first, followed by the higher-MW compounds such
as unsaturated FAs. The same effect of acetone concentration on the
selectivity of fatty acids (Fig. 9) also showed the same trend when
isopropanol was used as a cosolvent.
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Fig. 9. Selectivity () of fatty acid methyl esters as function of acetone concentration as
cosolvent and extraction time on cocoa butter extraction using SC-CO, at 35 MPa and
60 °C.

4. Conclusion

The cocoa butter was successfully extracted from cocoa liquor by
SC-CO; at 35 MPa, 60 °C and 2 mL/min using different concentrations
of polar cosolvents (ethanol, isopropanol and acetone). The extraction
yield was significantly (p < 0.05) influenced by the concentration of
polar cosolvents. Similarly, polar cosolvent concentration had signifi-
cant (p < 0.05) effects on the TG and FA compositions. Ethanol was
found to be the most efficient polar cosolvent for cocoa butter extrac-
tion compared to isopropanol and acetone. POS (42.2-45.9%) being
the major triglycerdies component, followed by SOS (27.6-31.4%)
and POP (20.3-22.7). Palmitic, stearic and oleic acids were the main
fatty acids in the extracted cocoa butter, with stearic being the highest
(34.9-37.8%), followed by oleic (30.3-31.8%) and palmitic (28.3-30.0%)
acids, respectively. In terms of the selectivity, the lower-molecular-
weight of TGs and FAs showed higher selectivity compared to
the higher-molecular-weight TGs and FAs; therefore, POP was the
major triglyceride at the beginning of extraction, while POS, followed
by SOS, were the major triglycerides at the end of the extraction pro-
cess. However, the FA composition was found to be more selective
when a high concentration of polar cosolvent (25%) was used. The
choice of modifiers becomes a great challenge and ethanol was shown
to be the best polar cosolvent, and it enhanced the solubility during
the cocoa butter extraction by SC-CO,. This method can be feasibly
implemented in the cocoa industry for the production of high quality
cocoa butter.
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