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This paper investigated the yield and chemical composition of soy seeds oils obtained by different solvents and
by different extraction apparatuses with the aim to compare oils yield and composition. The maximal oil yield with
trichloroethylene was achieved by the Soxhlet apparatus after 150 minutes of extraction (21.4 g/100 g) and very satis-
factory yield of 20.4 g/100 g, with similar chemical composition, was achieved by reflux, only after 60 minutes. Dur-
ing the Tilepape extraction, the contact of oil with air was continuous and more intensive oxidation reactions oc-
curred and vy-linolenic and linolenic acids were not detected. Between some oil fatty acids and some chemical values,
the correlation coefficients were performed by the program STATISTICA version 5.0. The results showed a proper
correlation between the iodine value and the oleic acid content as well as between the peroxide value and the linoleic
acid content.
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INPUHOC 1 COCTAB HA COMHOTO MACJIO
JOBUEHO CO PA3JIMYHUA TEXHUKH HA EKCTPAKIIUJA

Hcnurano e BIMjaHMETO HA pa3IMYHM TEXHWKU Ha eKcTpakiuja: pedurykc, Soxhlet n Tilepape, kako u Bimja-
HHUETO Ha PAaCTBOPYBAYUTE: TPUXIIOPETUIIEH, XIOPO(hOPM, jariepoieH TETPAXIOPH, /-XEKCaH U IIEeTPONIeTep Bp3 MpH-
HOCOT U COCTaBOT Ha MAacJIOTO OJf COMHOTO ceMe. Bp3 0a3a Ha moOueHHTE pe3yNnTaTH € 3aKIydeHO JeKa MaKCHMAaJleH
npunoc (21,4 g/100 g) Ha Macio o COMHOTO ceMe ce fobuBa o 150 MUHYTH eKcTpakiyja co npuMeHa Ha Soxhlet-
oBa excrpaknuja. Co nmpuMeHa Ha pediyKkc-eKCTpaknuja ce JoO0UBa He3HAUUTEeNHO moMalt mpuHoc ox 20.4 g/100 g 3a
MOKpaTKo BpeMe (1o 60 MUHYTH), a JOOMEHOTO MAcIIO CHOPEN XEMHICKHOT COCTaB € CIMYHO HA MAclIOTO TOOHEHO CO
Soxhlet-oBa excrpaknuja. Bo Texor Ha Tilepape-ekcTpakiyjaTa peakiuuTe Ha OKCHIAIMja Ce HOMHTEH3UBHU U OBa €
BEPOjaTHO NPHYMHATA 30IUTO Y-IMHOJEHCKA M JIMHOJICHCKA KHMCEIHHA HE ce JEeTEKTHPaHH BO MAclOTO JOOMEHO CO
Tilepape-excrpakiuja. PesynraTure ox cTaTuCTHYKATa aHAIM3a OKAKYBaaT AUPEKTHA 3aBUCHOCT Mely COIp)KHHATa
Ha OJICMHCKATa KMCEINHA U JOJHUOT Opoj M Mery COAp)KUHATA Ha JIMHOJICHCKATa KMCEIUHA U EPOKCHIHUOT Opoj.

Kayunn 360poBu: coja; Macjio; eKCTpakiyja; IPUHOC; COCTaB

1. INTRODUCTION 3 acid, linoleic, y-linolenic and arachidonic acid,
o known as omega-6, oleic acid known as omega-9
The soybean oil is one of the common vege- acid, very important in the human nutrition [1-3],

table oils that contains a significant amount of un- saturated acids: palmitic and stearic acid [4], as

saturated acids: o-linolenic acid, known as omega- well as tocopherols and B-carotene [5—7]. The
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soybean oil is industrially used in the manufacture
of paint, oilcloth, printing ink, soap, insecticides
and disinfectans, while lecithin and phospolipid,
being obtained as by-products, are used as a
wetting and stabilizing agent in food cosmetics,
pharmaceuthicals, leather, paint, plastic, soap, and
detergent industry [8—11]. The Soxhlet extraction
with n-hexane as a solvent, is a well known
method used for oil extraction from different plant
seeds [12, 13]. Luque-Garcia and Luque de Castro
(2004) [14] developed the Soxhlet extraction
assisted in the cardridge by ultrasound to extract
oil from oleaginous seeds such as sunflower, rape
and soybeen. There are reports that the Soxhlet
extraction causes damage to lipids in corn-soy
blends and only about half of the present oil was
recovered [15]. To the best of our knowledge, the
efficiency of reflux and the Tilepape extraction is
not investigated yet, and there are no referent data.
The purpose of this paper is to investigate yield of
soybean seeds oils obtained by different solvents:
trichloroethylene, chloroform, carbon tetrachloride,
n-hexane and petrol ether and to investigate and
compare the yield and the chemical composition
by different extraction apparatuses: reflux, the
Soxhlet and the Tilepape. The chemical com-
position was performed determining the content of
free fatty acids (FFA), mono- (MAG) , di- (DAG)
and tri-acilglycerols (TAG) by the HPLC method,
the fatty acids composition by GC method and
some chemical values. The differences are that
during the Soxhlet extraction, the plant material is
soaked by the solvent and after certain time the
extract overflows in the flask, and during the
Tilepape extraction the plant material is con-
tinually washed out by the hot solvent condensate
which distills from the condenser and the extract is
continually overflowing into the flask, without previ-
ous soaking of the plant material. The solvent is
evaporating from the flask, going out through the
condenser, condensating and washing the plant
material again and again. In the reflux extraction,
the plant material and the solvent are mixed and
heated together into the same flask.

2. EXPERIMENTAL

Plant material. Soybean seeds (Glycine max
L.) were purchased in the local store and milled to
the overal particle size of 0.4 mm.

The soybean seeds oil content. The milled
soybean seeds (30 g) were put into an Erlenmeyer

flask, 300 ml of trichloroethylene was added and
extracted for 30 minutes, under reflux and by mix-
ing (200 min ') at solvent boiling temperature. The
extract was separated by using the Buchner funnel
under weak vacuum. The plant material was ex-
tracted three more times by the same method, the
extracts were mixed together and eluted by water
in the separation funnel (3 % 30 ml). The eluted ex-
tract volume was recorded and an aliquote (3 ml)
was taken for the dry residue determination test in
order to determine the oil content in soybean seeds.

Dry residue content. Oil extract (3 ml) was
put into the disk plate analyzer (Scaltec SMO 01,
Scaltec instruments, Germany), poured and dried
at 110 °C to a constant weight. The content of the
dry residue was read out on the display.

Oil extraction by different solvents. The soy-
bean seeds (10 g) were extracted by maceration
under reflux and mixing (200 min') with tri-
chloroethylene, chloroform, carbon tetrachloride,
n-hexane and petrol ether, at the plant material to
the solvent ratio of 1:10 w/v, at solvent boiling tem-
perature, for periods of 10, 15, 30, 60 and 90 minutes.
Separate samples were taken for individual extrac-
tion periods. The extract was separated by filtration
under vacuum and an aliquote of the extract (3 ml)
was taken for the dry residue determination test.

Oil extraction by different techniques. The oil
from soybean seeds (10 g) was extracted by a tri-
chloroethylene at the plant material to the solvent
ratio of 1:10 w/v and at solvent boiling tempera-
ture. Standard apparatuses for reflux, the Soxhlet
and the Tilepape extraction were used. After extrac-
tion, the solvent was evaporated under vacuum,
when the oil residue remained while the reflux ex-
tract, after the extraction was separated by filtration
under vacuum, and then evaporated. An aliquote of
the extract obtained by the reflux, the Soxhlet or the
Tilepape extract (3 ml) was taken for the dry resi-
due determination test. The experiments were per-
formed in triplicate.

IR analysis. The IR spectra were recorded at
the room temperature on the Bommem MB-100
(Hartman & Brunn) Michelson FTIR spectrometer
by the method of a thinlayer film between the KBr
cell, with resolution of 2 cm™ and the wave num-
ber range of 400-4000 nm.

HPLC analysis. For the HPLC analysis, HolCa-
pek et al. (1999) [16] modified HPLC method was
used. The equipment consisted of an Agilent 1100
High Performance Liquid Chromatograph, equipped
with a degasser, a binary pump, a Zorbax Eclipse
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XDB-C18 column (4.4 m % 150 mm x 5 pm) and an
UV/ViS detector. The flow rate of the binary solvent
mixture (methanol, solvent A, and 2-propanol/n-
hexane, 5:4 by volume, solvent B) was 1 ml/min with
a linear gradient (from 100% A to 40% A+ 60% B in
15 min). The column temperature was held constant
at 40 °C. The components were detected at 205 nm.

The mono-, di- and tri-acilglycerols were
identified comparing retention times of the lipid
components to retention times of standards. The
samples of the reaction mixture were dissolved
into a mixture of 2-propanol : n-hexane (5:4 v/v)
and filtered through 0.45 um Millipore filters.

GC analysis. For the GC analysis, fatty acids,
methyl esters were prepared and the HP 5890 Se-
ries II Gas Chromatograph, HP with FID detector,
and integrator 3396 A HP were used. The column
was ULTRA 2 (25 m x 0.32 mm % 0.52 um), with
the injector temperature of 320 °C, and the injector
volume of 0.4 ul. The carrier gas was helium at a
constant flow rate of 1 ml/min.

The flame ionisation detector was at 350 °C
and the split ratio was 1:20. The oven temperature
was initially 120 °C and was maintained at 120 °C,
for 1 min, then increased by 15 °C/min until
200 °C, increased by 3 °C/min until 240 °C, in-
creased by 8 °C/min until 300 °C and maintained at
300 °C for 15 min. Fatty acids were identified
comparing the retention times of the lipid compo-
nents with retention times of standards.

Chemical properties. Refractive index, acids,
saponification, iodine and peroxide values of oils
obtained by different apparatuses, were analyzed
by using the standard procedures. The Abbe re-
fractometer AR3D (Kriiss optronic, Germany) was
used for measuring the refractive index. Determi-
nations were done in triplicate for each analysis.

Statistical analysis. The statistical analysis,
the correlation matrices and determination of the
correlation coefficients were performed by doing
the program STATISTICA version 5.0.

3. RESULTS AND DISCUSSION

Plant material. The used plant material had
the moisture content of 8.7 %. The oil content was
21.2% and the protein content was 46,7% (N X
6,25), based on absolute dry seeds.

The influence of solvent and extraction appa-
ratuses on soybean oil extraction. The results of
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the solvent influence on the soybean oil extraction
are shown in Table 1. The yields were obtained
after 60 minutes of extraction by using reflux.

The results indicate the highest degree of ex-
traction (DE) of 96.8%, calculated from the oil
content in the seeds, and the highest oil yield of
20.4 g/100g based on dry seeds was achieved by
using trichloroethylene as solvent. It is not negli-
gible, that by using n-hexane only 68.7% of oil
was extracted, and the oil yield was lower than
14.9 g/100g. The investigations of the influence of
extraction apparatures and techniques on oil yield
and composition are performed by trichloroethylene
and reflux, the Soxhlet or the Tilepape apparatuses.

The maximal oil yield with trichloroethylene
was still with the Soxhlet apparatus, but according
to the extraction time and the small difference on
DE and oil yield (OY), the OY obtained by reflux
after only 60 minutes instead 150 minutes of ex-
traction by Soxhlet, is very satisfactory.

Table 1

The results of the oil extraction by reflux
and different solvents and by different apparatuses
and trichloroethylene, after 60 and 150 minutes

Solvent DE oYy oY D
(%) (g/100g)  (g/100g)
Trichloroethylene 96.8 18.3 20.4
Chloroform 75.7 143 16.1
Carbon tetrachloride 74.1 14.2 15.9
n-Hexane 68.7 133 14.9
Petrol ether 43.4 8.2 9.2
Soxhlet’ 99.3 18.8 214
Tilepape” 98.1 18.9 20.8

DE - degree of oil extraction calculated based on the seeds oil
content; OY — oil yield; OY D — oil yield regard to dry seeds; * — after
150 minutes

Oil composition and characterization. IR
spectra of oil obtained by reflux, the Soxhlet and
the Tilepape apparatuses are similar for each other.
There are identification peaks of the major func-
tional groups: on 3009 cm ' from v(CH) vibrations
of unsaturated compounds, on 1746 cm™ from
v(C=0) ester type bond, on 1652 c¢cm ' from
v(C=C) vibrations of unsaturated fatty acids, on
1162 cm™ from scelet type v(C=C) vibrations of
sterols and on 712 cm™' from & (C=0) vibrations

(Fig. 1).
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Fig. 1. IR spectrum of oil obtained by reflux and trichloroethylene as solvent, after 60 minutes of extraction

Figure 2 shows the HPLC analysis of oil ob-
tained by trichloroethylene and by using reflux and
Table 2 shows the results of the HPLC investiga-
tions of oil extracts obtained by different appara-
tuses. The content of components is determined by
measuring the peak area at 1.76 min for free fatty
acids, the peak area at 2.15 min for methyl esters,
the peaks area in the range of 3.44 — 4.58 min for
monoacilglycerol, the peaks area in the range of
5.28 — 8.68 min for diacilglycerols and the peaks
area in the range of 10.91-15.81 min for triacilgly-
cerols. The content of free fatty acids is variable in
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the range from 25.5% obtained by reflux, up to
27.5% obtained by Tilepape. Oil obtained by re-
flux had similar content of free fatty acids, as well
as content of other components: methyl esters,
monoacilgycerols, diacilglycerols and triacilglyc-
erols compared to those obtained by Soxhlet: the
differences in content are less than 1%. The sam-
ple was measured in triplicate and the values of the
standard deviation were between 0.01 and 0.30%.

The fatty acids composition was investigated
by the GC analysis and the results of the analysis
are shown in Table 3.
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Fig. 2. HPLC spectrum of oil obtained by reflux and trichloroethylene as solvent, after 60 minutes of extraction
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Table 2

HPLC results of oil obtained by different apparatuses and trichloroethylene as solvent

Apparatuses FFA (%) ME (%) MAG (%) DAG (%) TAG (%)

Reflux 25.5 1.7 0.6 2.1 70.1

Tilepape 27.5 0.7 1.1 2.5 68.2

Soxhlet 26.9 0.4 0.3 1.6 70.9
Table 3

GC analysis of 0il obtained by different apparatuses and trichloroethylene as solvent

Acid Retention time Content (%)

Reflux Soxhlet Tilepape
Myristic ( Cy4.0) 8.85£0.11 0.01£0.01 0.14+0.08 -
Palmitic (Cy4.) 10.76£0.12 10.85%0.6 10.40£0.9 7.5710.6
y-Linolenic (C,g.3) 11.95+0.04 0.09£0.02 1.03£0.02 -
Linoleic (Cg.) 14.08+0.90 54.23£1.2 61.19£1.3 54.98+1.2
Oleic (Cys.1) 14.10+0.09 13.57+0.8 13.40£0.6 27.62+0.8
Linolenic (Cjg.3) 14.20£0.09 12.93£0.9 5.984+0.9 -
Stearic (C¢) 14.47+0.12 5.63%0.8 5.47+0.6 4.28+0.7
Nonadecanonic (Cg.) 17.47£0.05 0.32+0.09 0.31+0.08 0.55+0.07
Nondetermined 18.01+0.04 0.3240.11 0.32+0.10 -
Arachidic (Cy.0) 18.58+0.05 0.60£0.1 0.58+0.09 0.55+0.09
Behenic (Cyy) 22.90+0.04 0.48+0.06 0.49+0.09 0.30+0.09
Non determined 25.96+0.03 0.16+0.06 0.17+0.04 2.33+0.03
Lignocerinic (C ,4,) 27.23+0.03 0.01£0.01 0.02+0.01 0.55+0.01
Non determined 34.42+0.03 0.17+0.06 0.18+0.05 0.42+0.05
TU 80.81x+1.2 81.50+1.3 82.60+1.2
TS 17.90+0.8 17.41£0.9 13.79+0.7
ND 0.65% 0.11 0.67+0.10 2.7540.05
TU/TS 4.64 4.68 6.98

TU — content of total unsaturated fatty acids; TS — content of total saturated fatty acids;
ND - content of nondetermined components; TU/TS — ratio of total unsaturated to total saturated fatty acids content

The oils contained linoleic (Cis.,), a-linolenic
(Cis3), oleic (Cig.1), palmitic (Cigy), stearic (Cigy),
arachidonic (C,y4), behenic (C 1.), nonadecanoic
(Ci99), v-linolenic, lignocerinic, myristic (Ci4yq)
and several nondetermined components. In all ex-
tracts, inependently of the apparatuses used, the
main component was linoleic acid with the content
over 50%. The biggest content of linoleic acid was
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in the oil obtained by the Soxhlet (61.2%). The
content of palmitic and oleic acids was over 10%,
in oils obtained by reflux and the Soxhlet while
oleic acid content in the oil obtained by the
Tilepape was over 27%. The linolenic acid is con-
sidered to be unstable acid because it is easily oxi-
dized [7, 17]. As during the Tilepape extraction,
the extract is continually overflowing in the flask
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and the contact with the air was continuous,
probably the oxidation reaction had occurred, and
linolenic acid was not present in this extract. Some
components such as myristic, y-linolenic acid and
nondetermined component with retention time of
18.01 minutes, with content of 0.01 and 0.1%, 0.09
and 1% and 0.32%, presented in oil obtained by
reflux and Soxhlet, respectively, were not found in
the oil obtained by the Tilepape. Other components
are detected in all three investigated oils and their
content is very similar, so the application of differ-
ent apparatuses slightly, although changes the oil
fatty acids composition. The share of total unsatu-
rated fatty acids is the highest in the oil obtained by
the Tilepape and the lowest in the oil obtained by
reflux. The results show, the total content of all non-
determined components are the highest in the oil
obtained by Tilepepe. Probably, the nondetermined
components are the result of the oxidation reac-
tion, which is more significant during the Tilepape
extraction. The ratio of TU to TS fatty acids is

Table 4

similar in oils obtained by reflux and the Soxhlet
(4.6-4.7), while this ratio is the highest in the oil
obtained by the Tilepape, where it was nearly 7.
These results are supported with the highest perox-
ide value.

The oils are characterized by chemical values
which are relevant to their composition and the
results are presented in Table 4. Investigated ex-
tracts had the saponification value in the range of
190 — 194, the acid value of 2.8 — 3.3%, the 1odine
value of 131 — 135, the peroxide value of 6.9 — 7.2
milliequivalents/kg and refractive index (np™) of
1.4734 — 1.4785.

Statistical analysis results. The correlation
coefficients and the respective significance levels
were obtained between some oil fatty acids and
some chemical values and the data are presented in
Table 5. The sample sizes were nine (N = 9, three
extraction techniques and three determinations)
and the correlations with absolute value 0.8 and
above 0.8, were considered.

Chemical values of oil obtained by different apparatuses and trichloroethylene as solvent

Apparatuses Acid value Refractive index Saponification value Iodine value Peroxide value

Reflux 2.80 1.4734 190.4 131.0 6.89

Tilepape 3.29 1.4736 194.6 134.7 7.20

Soxhlet 3.31 1.4785 193.9 133.6 6.90
Table 5

Correlation matrix for the oil fatty acids content and some chemical values obtained for data of three
extraction techniques (reflux, Soxhlet, Tilepape) and three determinations (N=9)

FFA TAG y-Linolenic Linoleic Oleic Linolenic Palmitic v PV
FFA 1
TAG -0,49 1
y-Linolenic 0.67 —0.89 1
Linoleic 0.73 -0.91 0.98 1
Oleic 0.16 0.52 -0.57 —0.45 1
Linolenic —-0,65 —0.03 0,02 -0.11 -0.83 1
Palmitic -0.14  -0.54 0.61 0.50 -0.99 0.82 1
v 0.26 0.31 -0.29 —0.22 0.81 —0.80 0.29 1
PV 0.70 -0.76 0.72 0.81 —0.08 -0.41 0.09 0.29 1

FFA — free fatty acid; TAG — triacilglycerols; IV — iodine value; PV — peroxide value. Correlations are significant at p < 0.05
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The high y-linolenic and high linoleic content
goes along with the low triacilglycerols content
(TAG) and the high linoleic acid content goes
along the high y-linolenic acid content. The high
linolenic and high palmitic acid content is associ-
ated with the small oleic content, while the high
palmitic acid content is associated with the high
linolenic content. Between the iodine value and the
oleic acid content as well as between the peroxide
value and the linoleic acid content, there is a
proper correlation. Also, the high linolenic acid
content causes low iodine value. Further, it ap-
pears that the iodine and the peroxide value do not
depend on the other presented fatty acids content.

4. CONCLUSION

By oil extraction from soybean seeds by
reflux, the maximum yield was achieved by using
trichloroethylene as solvent. By using trichloroethy-
lene oils are obtained by using different apparatu-
ses: reflux, the Soxhlet and the Tilepape. The ap-
plication of different apparatuses slightly changes
the oil composition. The reflux apparatuses can be
used for soybean oil obtainment as the method
with shorter extraction time and satisfactory oil
yield and quality. The correlation coefficients
showed proper correlations between the iodine
value and the oleic acid content as well as between
the peroxide value and the linoleic acid content.
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