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Oil extraction from oil palm meal of dry method by using solvent
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ABSTRACT

The objective of this study was to design and construct the prototype-scale
extraction from the oil palm meal (OPM) using circulation process. The OPM is a by-product
of the oil extraction process from mixed crude palm oil {(MCPO) using a single screw press.
The parameters of oil extraction process from OPM were optimized by response surface
methodology (RSM). For preliminary study, OPM without lager palm nut shell (PNS) was then
dried with oven at 104°C temperature and 24 hr drying time. The dried oil palm meal
(DOPM) was detected 15.63 wt.% oil in DOPM, and 8.39 wt.% protein content in DOPM. The
various DOPM particle sizes of less than 20000 pm, 4000 pym, 2000 um, and 595 pm were
extracted to study the oil yield by the solvent extraction with hexane. As a results, 13.80
wt.% oil yield from DOPM particle sizes of less than 20000 um was achieved under the
condition was 15:1 ¢/g ratio of hexane to DOPM, 15 min extraction time, and 300 rpm speed
of stirrer. Subsequently, DOPM particle sizes of less than 2000 pm was extracted with
hexane and ethanol solvents to determine the optimal condition using the RSM. The RSM,
with 5-level and 3-factor central composite design (CCD), was used to optimize the oil yield
assisted solvent extraction process from DOPM. Three parameters in batch process: ratio of
solvent to DOPM (4.9-30.1 g/g), extraction time (0.2-18.8 min), and speed of stirrer (48-552
rpm) were optimized to obtain the maximum yield of extracted oil of dried oil palm meal
(EDOPM). For hexane solvent, the maximal oil yield of 12.58 wt.% of EDOPM was achieved
when the condition: 25.6:1 ¢/¢ DOPM, 9 min extraction time, and 552 rpm speed of stirrer
was used. For ethanol solvent, the maximum vyield of 10.81 wt.% of EDOPM was achieved
when compared with weight percentage of DOPM under the condition was 23.2:1 g¢/¢ DOPM,
10.9 min extraction time, and 552 rpm speed of stirrer. However, the maximum yield of
EDOPM required the high content of solvent in the oil extraction. After extraction with
optimal condition, the lowest level of residual oil in the defatted oil palm meal (DFOPM)
was obtained, which DFOPM can be used in the feed for the ruminant animals. The
acceptable level of residual oil in DFOPM for animal feeding is the range of 5-7 %. Thus, this
level of residual oil in DFOPM was considered excessive, and the actual experiment of 11.80
wt.% oil yield of EDOPM, 19.6:1 g/¢ DOPM, 10.5 min extraction time, and 300 rpm speed of
stirrer was recommended for hexane solvent. For ethanol, the actual experiment of 10.27
wt.% oil yield of EDOPM, 20.1:1 g/¢ DOPM, 10.9 min extraction time, and 300 rpm speed of
stirrer was recommended. After extraction by the recommended condition, the protein
contents of 11.69 wt.% (for hexane) and 13.00 wt.% (for’ ethanol) were detected in the
DFOPM from oil extraction. When consideration of limitation of toxic contaminant in the
ruminant animals feeding, the ethanol solvent was superior over the hexane. Because, the
residual ethanol in DFOPM is easier eliminated and safer than hexane. Thus, the ethanol

solvent was used to investigate the effect of using the repeated miscella on oil yield in the

(18)



batch solvent extraction. As a results, the efficiency of oil extraction decreased to 94.74%,
91.23%, and 68.41% of second, third, fourth cycles of solvent extraction by the previous
miscella of each cycle. in the extraction process by repeated miscella, the ethanol should
not be used more than 3 cycles to leach the oil in DOPM. Because, the residual oil in
DFOPM will exceed the acceptable level. These experimental results from batch extraction
was used to design and construct the palm nut shell (PNS) separator and prototype of
circulation oil extractor. Results showed that 8.03 kg/hr of OPM without lager PNS can be
separated using PNS separator at 50 rpm of motor and 16.10 kg/hr of input capacity of OPM.
The products after PNS separation were the OPM without lager PNS and OPM with fine PNS,
which required 8.19 Baht/kg and 3.39 Baht/kg of production cost, respectively. Moreover,
19099 kJ/kg (for OPM without lager PNS), and 21020 kl/kg (for OPM with fine PNS) of higher
heating values can be analyzed. After separation process, the OPM without lager PNS was
dried and followed by oil extraction process. Prototype-scale extraction was tested using a
circulation process under the recommended condition of ethanol solvent. As a results, 17.37
wt.% oil yield of EDOPM was achieved when compared with weight percentage of DOPM
under the condition was the mass ratio of 100500 g of ethanol consumption to 5000 ¢ of
DOPM. The products obtained from this process were DFOPM and EDOPM which cost 12.93
Baht/kg and 174.78 Baht/kg respectively, the higher heating values were 19063.3 kJ/kg and
35111.3 kl/kg respectively. Moreover, 19063 ki/kg (for DFOPM), and 35111.3 kJ/kg (for
EDOPM) of higher heating values can be detected.
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