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Abstract. The article evaluates the oil point parameters of samples of bulk rapeseeds and sunflower seeds under
compression loading. The oil point is the region where the oil emerges from the seed kernel which requires
maximum pressure to recover the maximum oil contained in the bulk seeds. The determination of the maximum
pressure, however, requires both the experimental and theoretical analyses of the oil point parameters namely
strain, energy, oil yield and gradient volume energy. This information is limited in the literature for bulk oilseeds
such as rape and sunflower. In this present study, the oilseeds samples were measured at an initial pressing height
of 80 mm in a pressing vessel of diameter 60 mm. The deformation levels of 30, 35, 40, 45 and 50 mm were tested
for the lower and upper oil points at a speed of 10 mm-min-* using the litmus test procedure. The above-mentioned
oil point indicators were calculated. The force-deformation curve of the upper oil point was theoretically described
by the tangent curve model where the coefficients of the model were determined and statistically analyzed to assess
the accuracy of the model using the MathCAD 14 software. The study provides useful information for optimizing
the mechanical oil extraction process involving screw presses.
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Introduction

Rape and sunflower are among the oil-bearing crops and fruits as feedstocks for vegetable or edible
oil production [1]. The world consumption of vegetable oils is currently at 200 million metric tons
annually, driven by high demand for use in food and industrial applications [1; 2]. Conventionally, the
vegetable oil is produced by extraction with an organic solvent alone or by screw pressing before solvent
extraction [3]. The oil yield from mechanical pressing is relatively low compared to the solvent
extraction which can achieve a crude oil yield of over 96% [1]. However, the solvent extraction process
has major setbacks including high flammability and acute inhalation of the solvent by humans [4]. The
mechanical pressing is much safer and environmental-friendly [1; 5].

To improve the economic performance of the mechanical pressing, it is important to study the
mechanical behaviour of the bulk oilseeds under compression loading [6; 7]. The uniaxial compression
process reveals the mechanical behaviour of the bulk oilseeds characterized by the force-deformation
curves, oil point thresholds, deformation, strain, deformation energy, unit volume energy and stress
relaxation behaviour [8; 9]. These properties are also influenced by the processing factors namely the
moisture content, force/pressure, speed, the initial pressing height of bulk seeds, the diameter of pressing
vessel, varieties and maturity stages of the bulk oilseeds [10-13].

The present study, however, focuses on identifying the oil point thresholds of bulk rapeseeds and
sunflower seeds under compression loading and analyzing mathematically the oil point parameters
(oil point force, oil point energy, strain, volume energy, the mass of oil, the theoretical maximum mass
of oil, theoretical oil yield and gradient volume energy).

Materials and methods

Rapeseeds and sunflower seeds were procured from Ceska Skalice, Czech Republic.
The moisture content of the samples of rapeseeds and sunflower seeds was determined to be
5.30 £ 0.04% (w.b.) and 5.16 + 0.01% (w.b.) according to the conventional method by drying the
samples of the seeds in the oven at 105 °C and drying time of 17 h [14; 15]. The oil content of the
samples was determined to be 31.87 +2.40% and 33.12 £ 0.87% based on the Soxhlet extraction
procedure [16-18]. The oil point of the bulk rapeseeds and sunflower seeds was identified from the
compression tests using the universal compression testing machine (VEB, ZDM 50, Germany) and
pressing vessel of diameter 60 mm with a plunger. The litmus test principle was used for the oil point
identification of the bulk oilseeds [9; 18] at deformation levels from 30 to 50 mm and at a speed of
10 mm-min‘t. The initial pressing height of the bulk seeds was measured at 80 mm giving the volume
of the bulk seeds in the pressing vessel to be 22.62-10° m®. The tests were repeated twice, and the results
averaged. Based on the force and deformation data obtained; the mass of oil, the theoretical mass of oil,
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theoretical oil yield, oil point force, oil point energy, strain, volume of seeds, volume energy and gradient
volume energy were determined according to the equations given by [7; 8; 19]. The oil yield is the
percentage ratio of the mass of oil output and mass of bulk seeds. The strain is the ratio of deformation
to that of the initial pressing height of the sample. The energy is characterized by the area under the
force-deformation curve which can be calculated based on the trapezoidal principle.
The ratio of the energy to the volume of the bulk seeds in the pressing vessel denotes the volume energy.
The gradient volume energy is the ratio of incremental volume energy to that of the mass of output oil.
The theoretical description of the force-deformation curve of the samples of bulk rapeseeds and
sunflower seeds was done using MathCAD 14 software [20].

Results and discussion

The results of the experiments are presented in Tables 1 to 5 and Fig. s 1 to 3 respectively.
At deformation levels between 30 and 35 mm for bulk rapeseeds (Table 1) was observed the possibility
of the lower oil point region. The lower oil point was noticed at 32 mm with the corresponding mass of
oil, oil point force and energy values of 3.34£0.01 ¢, 28.13+0.42 kN and 0.32 +0.03 kJ. The
experimental upper oil point was seen at a deformation level of 50 mm producing 24.45 + 0.03 g of the
mass of output oil with the force of 152.54 + 10.61kN and energy of 0.79 + 0.00 kJ. In comparison with
bulk sunflower seeds (Table 2), there was no oil flow at deformation levels between 30 and 35 mm. The
lower oil point was found at a deformation level of 40 mm (mass of oil: 1.70 + 0.13 g; oil point force:
15.47 £ 1.72 kN and oil point energy: 0.18 + 0.01 kJ). The experimental upper oil point at deformation
level of 50 mm for sunflower bulk seeds recorded the mass of output oil of 9.61 £ 0.78 g, force of
34.82 £ 1.78 kN and energy of 0.37 + 0.03 kJ. The lower oil point is the beginning of the oil flow through
the cell wall pores whereas the upper oil point is the maximum oil flow through the cell wall pores and
the inter-kernel voids of the bulk oilseeds [9; 10; 19].

The information of oil point of bulk oilseeds is essential for predicting the effective pressure
required for oil expression and to know the influence of the applied force/pressure and pressing time on
the amount of the output oil in a pressing operation involving a screw/hydraulic press [21; 22].

It was observed in Fig. 1 that the serration effect occurred at a force beyond 155.02 + 14.15 kN
which was marked by the seedcake ejection through the pressing vessel holes. The compression process
was stopped at the beginning of the serration effect since no oil would be recovered.
The serration effect was seen only in bulk rapeseeds. Similar behaviour was reported by [7, 23] where
the diameter of the pressing vessel, deformation levels and moisture content caused the serration
effect/undulation characteristics on the force-deformation curves of sunflower seeds and kernel as well
as rapeseeds. The parameters presented in Tables 3 and 4 are described as follows. From the deformation
levels and initial pressing height of the bulk seeds, the strain values were determined which ranged from
0.40 to 0.63 (-). For bulk rapeseeds, the volume energy values ranged from 1406.83 + 112.47 to
13020.43 + 732.44 kJ-m™ in comparison with bulk sunflower seeds which ranged from 812.77 + 54.75
t0 1630.00 + 126.51 kJ-m=,

Based on the mass of oil recovered and the percentage oil content in the bulk seeds through the
Soxhlet extraction method, the theoretical mass of oil of bulk rapeseeds and bulk sunflower seeds was
determined to be 45.43 + 3.43 g and 35.02 + 0.92 g respectively. The ratio of the mass of oil to the
theoretical mass of oil gives the theoretical oil yield which ranged from 0.07 £ 0.01 to 0.54 + 0.04 (-)
for both bulk rapeseeds and sunflower bulk seeds. For bulk rapeseeds, the gradient volume energy
ranged from 421.88 + 34.62 to 1956.11 + 156.06 kJ-m=3-g™. The gradient volume energy for bulk
sunflower seeds ranged from 478.24 + 3.60 to 67.67 + 15.12 kJ-m=3-g™,

The dependency between mass of oil and deformation levels of the bulk rapeseeds and sunflower
seeds was significant (P < 0.05) (Fig. 2). Regression equations were obtained at oil points deformation
levels for both oilseeds where the theoretical upper oil points were also predicted at theoretical
deformation levels of 66.04 £2.99 mm and 83.58 £ 4.75 mm respectively. From the tangent curve
model [18; 24; 25], the experimental force-deformation curve at upper oil point for deformation level of
50 mm was theoretically described (Fig. 3) by determining the force coefficient of mechanical
behaviour, deformation coefficient of mechanical behaviour and fitting curve exponent (Table 5). The
fitting curve value for rapeseed and sunflower seeds was found to be 1. The determined coefficients
were significant based on the high coefficient of determination (R?) values between 0.985 and 1. The
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significance of the results was also assessed by the fact that P-values were greater than the significant
level of 5% and F-critical values being greater than F-ratio values. Similar results were reported by [19]
on Jatropha bulk seeds where the fitting value of 2 was found. This could be due to the variation in
moisture content, maturity stage of the seeds and inherent mechanical behaviour of the seeds.

Table 1
Mass of oil, oil point force and oil point energy of rapeseeds

*Deformation Mass of Mass of Mass of oil | Oil point force | Oil point energy
X, mm sample My, g | sample, Mg, ¢ Moil, g Orr, kN Opk, kJ
30 142.54 142,54 +0.00 | 0.00+0.00 | 22,59 + 1.84** | 0.26 + 0.03**
32 142.54 139.21+0.01 | 3.34+£0.01 28.13+0.42 0.32+0.03
35 142.54 132.24+0.01 | 10.30+0.01 | 41.47+0.31 0.41+£0.07
40 142.54 122.21+£0.01 | 20.33+0.01 | 147.99 + 24.17 0.75+0.10
45 142.54 120.54 £ 0.03 | 22.00 + 0.03 | 155.02 + 14.15 0.82+0.01
50 142.54 118.09 + 0.03 | 24.45+0.03 | 152.54 + 10.61 0.79 £0.00
* Sample pressing height, H = 80 mm; 2: Strain (-); My: before test; My: after test; ** without oil flow
Table 2
Mass of oil, oil point force and oil point energy of sunflower seeds
*Deformation sal\rﬂ?aslz ?\;b Mass of Mass of oil | Oil point force | Oil point energy
X, mm g " | sample, Ma, g Moil, g Orr, KN Ork, kJ
30 105.72 105.72+0.00 | 0.00 +0.00 8.03 + 1.80** 0.10 £ 0.02**
32 105.72 105.72+0.00 | 0.00 +0.00 7.76 £ 0.94** 0.10 + 0.02**
35 105.72 105.72+0.00 | 0.00 £0.00 9.25 +£ 0.22** 0.12 + 0.00**
40 105.72 104.02+0.13 | 1.70+0.13 1547+ 1.72 0.18+0.01
45 105.72 102.99+0.01 | 2.73+0.01 20.56 £ 0.94 0.26 £ 0.02
50 105.72 96.12+0.78 | 9.61+0.78 34.82+1.78 0.37£0.03

* Sample pressing height, H = 80 mm; 2: Strain (-); My: before test; My: after test; ** without oil flow

Maximum oil output

Oil point force, Opg (KN)

Lower oil point

40

0 10 20 30

Deformation, X (mm)
— X=30mm— X=32mm— X=35mm
— X=40mm — X=45mm — X =50 mm

Fig. 1. Identification of oil points, maximum oil output and serration effect
of bulk rapeseeds and sunflower seeds at different deformation levels
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Table 3
Volume energy, theoretical oil yield and gradient volume energy of rapeseeds
Strain - Volume energy, | Theoretical oil yield, | Gradient volume
’ kJ-m?3 - energy, kJ-m3.g?
0.40 1406.83 + 112.47 0.07+£0.01 421.88 + 34.62
0.44 1801.22 + 290.55 0.23+0.02 56.64 + 25.62
0.50 5097.47 + 220.89 0.45+0.03 328.64 + 50.99
0.56 8232.37 £1004.14 0.49+0.04 1880.36 + 749.47
0.63 13020.43 + 732.44 0.54 £0.04 1956.11 + 156.06
Table 4
Volume energy, theoretical oil yield and gradient volume energy of sunflower seeds
Strai Volume energy, | Theoretical oil yield, | Gradient volume
train, - kJ-m?3 - energy, kJ-m=3.g*
gy, KJ-m~—-g
0.50 812.77 £ 54.75 0.05+0.01 478.24 + 3.60
0.56 1170.84 + 76.64 0.08 +0.01 342.11 + 80.59
0.63 1630.00 + 126.51 0.27 £0.03 67.67 +15.12
Rapeseeds: F(5,6) = 5.9451E5, p = 0.0000
Sunflower seeds: F(5,6) = 264.756, p = 0.00000
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Fig. 2. Dependency between the mass of oil and deformation
of bulk rapeseeds and sunflower seeds
Table 5

ANOVA analysis of the determined coefficients of the tangent model for fitting the data of the
bulk oilseeds samples.

Bulk oilseeds A, kN B, mm? n F-ratio F-critical P-value R?
samples
R1 12.505 0.034 1 0.012 3.853 0.913 0.985
R2 11.696 0.039 1 451-10°% 3.854 0.946 0.995
S1 5.478 0.028 1 3.742-10°° 3.853 0.995 1
S2 6.199 0.028 1 1.469-10° 3.853 0.999 1

A is the force coefficient of mechanical behaviour (kN), B is the deformation coefficient of
mechanical behaviour (mm), n is the fitting curve function exponent (-); R1 and R2: Rapeseeds
samples; S1 and S2: Sunflower seeds samples.
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Fig. 3. The experimental and fitted force-deformation curve of bulk rapeseeds
(like sunflower seeds) at upper oil points for deformation level of 50 mm

Conclusions

At bulk samples initial pressing height of 80 mm, speed of 10 mm-min and pressing vessel of
60 mm diameter with a plunger; the findings are as follows:

1. The lower oil point for rapeseeds was observed at a deformation level of 32 mm whereas for
sunflower it was noticed at a deformation level of 40 mm.

2. The upper oil point for both oilseeds was recorded at a deformation level of 50 mm with the
corresponding mass of oil of 24.45 + 0.03 g for rapeseeds and 9.61 + 0.78 g for sunflower seeds.
This indicates that rapeseeds contain more oil than sunflower seeds.

3. The oil points force for rapeseeds ranged from 28.13 + 0.42 kN to 152.54 + 10.61 kN, and for
sunflower seeds, it was between 15.47 +1.72 kN and 34.82 + 1.78 kN. This indicates that
rapeseeds are much harder than sunflower seeds.

4. The deformation levels of 66.04 £2.99 mm and 83.58 £ 4.75 mm were predicted as the
theoretical upper oil points for rapeseeds and sunflower seeds.
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