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Abstract 

The study optimized the input processing factor levels for extracting hempseeds oil under linear pressing 

using a vessel diameter of 60 mm with a plunger under a pressing speed of 5 mm/min and load of  

300 kN. The Box Behnken design of experiment (BBD) of the input processing factors at three levels 

each were the heating temperature: 40, 50 and 60 °C, the heating time: 30, 45 and 60 min and pressing 

height: 60, 80 and 100 mm. The BBD generated 17 experimental runs involving 12 factors-combinations 

and 5 replications at centre values. The output responses were the mass of oil, oil yield, oil expression 

efficiency and deformation energy. The response surface methodology (RSM) statistical technique was 

used to evaluate the input factors and the output parameters from the BBD. The determined optimal 

input processing factors were the heating temperature of 60 °C, heating time of 52.5 min and sample 

pressing height of 60 mm.  

 

Keywords: Compression process; Box-Behnken design; response surface regression; oil output 

parameters, energy demand 

 

INTRODUCTION 

The complex nature of processing factors and the susceptibility of bioactive substances to pretreatment 

techniques provide significant barriers to the optimization of oil extraction from hempseeds. The large 

amount of unsaturated fatty acids, antioxidants, and other bioactive substances in hempseed oil makes 

it valuable for both industrial and health purposes (Doneva et al., 2024; Stamenković, Kostic, 

Radosavljevic & Veljkovic, 2018). However,  cold-pressing processes are safer, they produce less than 

ideal amounts of oil, and solvent-based extraction methods, for example, are toxic to the environment 

and may cause environmental problems (Baldino et al., 2022). Hempseed oil is very susceptible to 

oxidative deterioration, thus precise processing conditions are necessary to preserve quality and prolong 

shelf life (; Stamenković, Kostic, Radosavljevic & Veljkovic, 2018). Enhancing oil production while 

maintaining the oil's nutritional and functional integrity requires the development of precise, optimum 

processing methods, such as the use of pretreatment methods. Recently, the response surface approach 

has been used to optimize oil production and quality by adjusting variables including temperature, time, 

and compressive forces (Baldino et al., 2022; Demirel et al., 2022). The study investigates the optimal 

effect of input factors combinations of heating temperature, heating time and sample pressing height on 

oil output parameters and energy demand of bulk hempseeds under linear pressing involving a pressing 

vessel with a plunger.  

 

MATERIALS AND METHODS 

Samples of bulk hemp oilseeds were used for the study. The samples were purchased from Stredi, 

Prague, Czech Republic. The samples were kept under laboratory conditions before the experiments. 

The sample moisture content was determined to be 7.49 ± 0.08 (% w.b.) according to Blahovec (2008) 

as described in equation (1). 

 𝑀𝐶 = [(
𝑚𝑏 − 𝑚𝑎

𝑚𝑏
) ∙ 100] (1) 

where 𝑀𝐶 is the percentage of moisture content of sample (% w.b.), 𝑚𝑎and𝑚𝑏are the masses of the 

sample before and after oven drying (g). The sample percentage oil content of 32.84 ± 0.70 % was 

determined according to the Soxhlet extraction procedure (Danlami, Arsad & Zain, 2015; Niu, Chen & 

Xu, 2014). The input processing factors (heating temperature, heating time and pressing height) at three 

levels each were designed using STATISTICA 13 software (Statsoft 2013) by employing the Box-

Behnken experimental design (BBD) (Chanioti & Tzia 2017). The heating temperature values were 40, 
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50 and 60 °C, the heating time values were 30, 45 and 60 min and the pressing height values were 60, 

80 and 100 mm. The BBD design generated 17 experiments comprising twelve combinations of input 

factors and five replications at the center points (Tab. 1). The input factor levels were coded from –1 

(low value) to +1 (high value) with 0 being the center value according to equation (2) (Ocholi, Menkiti, 

Auta & Ezemagu, 2018). 

 
𝑥𝑖 =

𝑋𝑖 − 𝑋0

∆𝑋
 (2) 

where 𝑥𝑖 is the coded value of the ith variable, 𝑋𝑖 is the uncoded value of the ith test variable,  

𝑋0 is the uncoded value of the ith test variable at the center point and ∆𝑋 is the step change in the real 

value of the variable i corresponding to the variation in a unit for the dimensionless value of the 

variable i.  

 

Tab. 1 Box-Behnken experimental design with twelve combinations and five replications.  

 

Run 

Input processing factors at three levels Coded values using Eq. (2) 

𝐻𝑇𝑃 (° C) 𝐻𝑇𝑀 (min) 𝑃𝐻𝑇 (mm) 𝐻𝑇𝑃 (° C) 𝐻𝑇𝑀 (min) 𝑃𝐻𝑇 (mm) 

1 40 30 80 -1 -1 0 

2 60 30 80 1 -1 0 

3 40 60 80 -1 1 0 

4 60 60 80 1 1 0 

5 40 45 60 -1 0 -1 

6 60 45 60 1 0 -1 

7 40 45 100 -1 0 1 

8 60 45 100 1 0 1 

9 50 30 60 0 -1 -1 

10 50 60 60 0 1 -1 

11 50 30 100 0 -1 1 

12 50 60 100 0 1 1 

13 50 45 80 0 0 0 

14 50 45 80 0 0 0 

15 50 45 80 0 0 0 

16 50 45 80 0 0 0 

17 50 45 80 0 0 0 

𝐻𝑇𝑃: Heating temperature; 𝐻𝑇𝑀: Heating time and 𝑃𝐻𝑇: Initial pressing height of sample 

The samples of bulk hemp seeds were preheated according to the design presented in Tab. 1 using the 

standard oven equipment (MEMMERT GmbH + Co. KG, Buechenbach, Germany). The universal 

compression testing machine (ZDM 50, Czech Republic) of a maximum load of 500 kN was used 

together with a pressing vessel of diameter 60 mm with a plunger (Fig. 1a). Based on a preliminary test 

of the sample's hardness after the test (Fig. 1b) the input force for all tests conducted was set at  

300 kN at a pressing speed of 5 mm/min. The extracted hemp seed oil is shown in Fig. 1c.  

 
Fig. 1 (a) Compression test of bulk hempseeds sample (b) sample after test and (c) extracted hempseed 

oil for all tests conducted. 
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The oil yield was determined according to Chanioti & Tzia, (2017) as given in equation (3). 

 𝑂𝑌𝐷 = [(
𝑀𝑂𝐿

𝑀𝑆𝑃
) ∙ 100] (3) 

where 𝑂𝑌𝐷 is the oil yield (%), 𝑀𝑂𝐿 is the mass of oil determined as the difference of the mass of the 

seedcake and the initial mass of the sample 𝑀𝑆𝑃 (g). The oil expression efficiency was determined 

according to Hernandez-Santos et al., (2016) as given in equation (4). 

 
𝑂𝐸𝐹 = [(

𝑂𝑌𝐷

𝑂𝐶𝑇
) ∙ 100] (4) 

where 𝑂𝐸𝐹 is the oil expression efficiency (%) and 𝑂𝐶𝑇 is the percentage of oil content (%) in the seeds 

sample determined by soxhlet extraction. The deformation energy was determined according to Herak 

et al., (2015) as given in equation (5). 

 

𝐸𝑁𝐺 = ∑ [(
𝐹𝑛+1 + 𝐹𝑛

2
) ∙ (𝑥𝑛+1 − 𝑥𝑛)]

𝑛=𝑖−1

𝑛=0

 (5) 

where 𝐸𝑁𝐺 is the deformation energy (J), 𝐹𝑛+1 + 𝐹𝑛 and 𝑥𝑛+1 − 𝑥𝑛are the compressive force (kN) and 

deformation (mm), n is the number of data points and i is the number of sections in which the axis 

deformation was divided. The experimental data obtained were statistically analyzed at a 0.05 

significance level by employing descriptive statistics and response surface regression technique using 

STATISTICA 13 software (Statsoft 2013). 

RESULTS AND DISCUSSION 

The determined output parameters from the BBD experimental runs with the input processing factors 

combinations are presented in Tab. 2. The mass of oil values ranged from 20.53 to 34.75 g.  

The oil yield values ranged from 15.94 to 22.09 %. The oil expression efficiency values ranged from 

48.55 to 68.39 % whereas the energy efficiency values ranged from 722.55 to 1179.6 J. The factors 

combinations (runs 8, 11, 7 and 12) generated higher output mass of oil (34.75, 32.26, 31.88 and 31.25 

g) in that order of magnitude. However, run 8 (heating temperature: 60 °C; heating time 45 min and 

sample height of 100 mm) produced the highest magnitude of 34.75 g. Their corresponding energies 

were 1179.6, 1051.14, 1143.53 and 1092.21 Joules (J). To understand the BBD experimental runs  

(Tabs. 1 & 2) with the force-deformation curves (Figs. 2a–2d), it is important to highlight that the  

force-deformation curves for runs 1 to 4 and runs 13 to 17 were obtained at a constant pressing height 

of 80 mm with varying input factors (heating temperature and heating time).  Runs 5, 6, 9 and 10 were 

obtained at a constant pressing height of 60 mm with varying input factors (heating temperature and 

heating time).  Runs 7, 8, 11 and 12 were obtained at a constant pressing height of 100 mm with varying 

input factors (heating temperature and heating time). Runs 13 to 17 were five replications at the center 

values of the input factors (50 °C, 45 min and 80 mm). Generally, it was observed that the factor 

combinations under the pretreatment conditions caused an increment in the force-deformation curves 

and the calculated parameters. The area under the force-deformation curve is the deformation energy. 

Preceding the maximum oil output is the serration effect characterized by the ejection of seedcake 

through the pressing holes because of high pressure among other factors such as moisture content, 

pressing speed, vessel diameter and quality of raw material (Gupta & Das, 2000; Divisova et al., 2014; 

Kabutey et al., 2015). This phenomenon usually leads to the vibration of the compression machine 

thereby limiting the percentage recovery of the oil production. Based on the predicted and desirability 

profile of the oil expression efficiency (Fig. 3), the determined optimal input processing factors were 

the heating temperature of 60 °C, heating time of 52.5 min and 60 min and sample pressing height of 60 

mm and 100 mm with a desirability value of 1 for processing maximum oil from bulk hempseeds under 

linear pressing process. Similar profiles with the optimal values were obtained for the mass of oil and 

oil yield which are interrelated.  For the energy profile, the higher levels of the input processing factors 

increased the energy demand. The predicted values of the mass of oil, oil yield and energy demand are 

stated in the conclusion.  
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Tab. 2 Determined amounts of oil output and energy of bulk hempseeds from the BBD.  

Run 
Input factors (Predictors) Calculated parameters (Responses) 

𝐻𝑇𝑃 (° C) 𝐻𝑇𝑀 (min) 𝑃𝐻𝑇 (mm) 𝑀𝑂𝐿 (g) 𝑂𝑌𝐷 (%) 𝑂𝐸𝐸 (%) 𝐸𝑁𝐺 (J) 

1 -1 -1 0 20.53 15.94 48.55 920.94 

2 1 -1 0 26.46 20.55 62.57 934.74 

3 -1 1 0 25.26 19.62 59.73 829.49 

4 1 1 0 27.72 21.53 65.55 972.28 

5 -1 0 -1 20.87 21.15 64.40 811.15 

6 1 0 -1 21.8 22.09 67.27 818.03 

7 -1 0 1 31.88 19.62 59.74 1143.53 

8 1 0 1 34.75 21.39 65.12 1179.6 

9 0 -1 -1 20.96 21.24 64.68 778.24 

10 0 1 -1 21.37 21.66 65.94 722.55 

11 0 -1 1 32.26 19.85 60.45 1051.14 

12 0 1 1 31.25 19.23 58.56 1092.21 

13 0 0 0 25.33 19.67 59.90 1009.92 

14 0 0 0 25.15 19.53 59.47 876.28 

15 0 0 0 26.89 20.88 63.59 909.25 

16 0 0 0 24.73 19.20 58.48 886.91 

17 0 0 0 28.92 22.46 68.39 886.46 

𝐻𝑇𝑃: Heating temperature; 𝐻𝑇𝑀: Heating time; 𝑃𝐻𝑇: Initial pressing height of sample; 𝑀𝑂𝐿: Mass of oil 

extracted; 𝑂𝑌𝐷: Percentage oil yield; 𝑂𝐸𝐸: Percentage oil expression efficiency and 𝐸𝑁𝐺: Deformation 

energy. 
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Fig. 2 Force-deformation curves of bulk hemp seeds at constant pressing height, H (a)  

80 mm (b) 60 mm (c) 100 mm and (d) 80 mm at centre factor levels. Tthe area under the curve 

represents the deformation energy.  
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Fig. 3 Profile of predicted values and desirability of oil expression efficiency, 𝑂𝐸𝐸. 𝐻𝑇𝑃: Heating 

temperature (+1: optimal level of 60 °C); 𝐻𝑇𝑀: Heating time (0.5: optimal level of 52.5 min) and 𝑃𝐻𝑇: 

Initial pressing height of sample (-1: optimal level of 60 mm). 

 

CONCLUSIONS

The maximum compressive force of 273.34 kN was obtained at the combinations of the factors (heating 

temperature of 60 °C, heating time of 45 min and pressing height of 60 mm) without the serration-effect 

pattern or the seedcake ejection process. The mass of the oil profile predicted an amount of 34.976 g 

with optimal processing input factors (heating temperature: 60 °C (+1), heating time: 45 min (0) and 

sample pressing height: 100 mm (+1)). The oil yield profile predicted an amount of 22.647 % with 

optimal processing input factors (heating temperature: 60 °C (+1), heating time: 52.5 min (0.5) and 

sample pressing height: 60 mm (-1)). The oil expression efficiency predicted profile achieved an amount 

of 68.96 (%) with the optimal processing input factors of heating temperature: 60 °C (+1), heating time: 

52.5 min (0.5) and sample pressing height: 60 mm (-1). The energy profile predicted an amount of 1197 

(J)) with optimal processing input factors (heating temperature: 60 °C (+1), heating time: 60 min (+1) 

and sample pressing height: 100 mm (+1)). These factors combinations achieved a desirability value of 

1 indicating a high reliability for predicting the oil output parameters (mass of oil, oil yield and oil 

expression efficiency) and energy of bulk hemp seeds under a linear compression process. 

 
ACKNOWLEDGMENT 

The study was supported financially by the Internal Grant Agency of the Czech University of Life Scien-

ces Prague (IGA Project Number – 2024:31130/1312/3108). 

 

REFERENCES 

1. Doneva, M., Dyankova, S., Terziyska, M., 

Metodieva, P., & Nacheva, I. (2024). 

Antioxidant Protein Hydrolysates from Hemp 

Seed Oil Cake—Optimization of the Process 

Using Response Surface Methodology. 

Applied Sciences, 14(19), 8602. 

2. Stamenković, O. S., Kostić, M. D., 

Radosavljević, D. B., & Veljković, V. B. 

Proceeding of the 9th International Conference on Trends in Agricultural Engineering 2025 
ISBN 978-80-213-3541-7  

154/272



 

9th TAE 2025 

17 - 19 September 2025, Prague, Czech Republic 

 

(2018). Comparison of box-behnken, face 

central composite and full factorial designs in 

optimization of hempseed oil extraction by n-

hexane: a case study. Periodica Polytechnica 

Chemical Engineering, 62(3), 359-367. 

3. Baldino, N., Carnevale, I., Mileti, O., Aiello, 

D., Lupi, F. R., Napoli, A., & Gabriele, D. 

(2022). Hemp seed oil extraction and stable 

emulsion formulation with hemp protein 

isolates. Applied Sciences, 12(23), 11921. 

4. Demirel, C., Kabutey, A., Herák, D., 

Sedlaček, A., Mizera, Č., Dajbych, O. 2022. 

Using Box–Behnken Design Coupled with 

Response Surface Methodology for 

Optimizing Rapeseed Oil Expression 

Parameters under Heating and Freezing 

Conditions. Processes, 10(3), 490.  

5. Blahovec, J. Agromaterials Study Guide; 

Czech University of Life Sciences Prague: 

Prague, Czech Republic, 2008. 

6. Danlami, J.M., Arsad, A., Zaini, M.A.A. 2015. 

Characterization and process optimization of 

castor oil (Ricinus communis L.) extracted by 

the Soxhlet method using polar and non-polar 

solvents. Journal of the Taiwan Institute of 

Chemical Engineers, 47, 99-104. 

7. Niu, L., Li, J., Chen, M.S., Xu, Z.F. (2014). 

Determination of oil contents in Sacha inchi 

(Plukenetia volubilis) seeds at deferent 

developmental stages by two methods: 

Soxhlet extraction and time-domain nuclear 

magnetic resonance. Industrial Crops and 

Products, 256, 187-190. 

8. Chanioti, S., Tzia, C. 2017. Optimization of 

ultrasound-assisted extraction of oil from 

olive pomace using response surface 

methodology: Oil recovery, unsaponifiable 

matter, total phenol content and antioxidant 

activity. LWT – Food Science and 

Technology, 79, 178-189. 

9. Ocholi, O., Menkiti, M., Auta, M., Ezemagu, 

I. (2018). Optimization of the operating 

parameters for the extractive synthesis of bio 

lubricant from sesame seed oil via response 

surface methodology. Egyptian Journal of 

Petroleum, 27, 265-275. 

10. Hernandez-Santos, B., Rodriguez-Miranda, J., 

Herman-Lara, E., Torruco-Uco, J.G., 

Carmona-Garcia, R., Juarez-Barrientos, J.M., 

Chavez-Zamudio, R., Martinez-Sanchez, C.E. 

2016. Effect of oil extraction assisted by 

ultrasound on the physicochemical properties 

and fatty acid profile of pumpkin seed oil 

(Cucurbita pepo). Ultrasonics Sonochemistry, 

31, 429–436. 

11. Herak, D., Kabutey, A., Choteborsky, R., 

Petru, M., Sigalingging, R. 2015. 

Mathematical models describing the 

relaxation behaviour of Jatropha curcas L. 

bulk seeds under axial compression. 

Biosystems Engineering, 131, 77-83. 

12. StatSoft Inc. 1995. STATISTICA for 

Windows. StatSoft Inc.: Tulsa, OK, USA, 

2013. 

13. Divišová, M., Herák, D., Kabutey, A., Šleger, 

V., Sigalingging, R., & Svatoňová, T. (2014). 

Deformation curve characteristics of rapese-

eds and sunflower seeds under compression 

loading. Scientia agriculturae bohemica, 

45(3), 180-186. 

14. Gupta, R.K., Das, S.K. 2000. Fracture 

resistance of sunflower seed and kernel to 

compressive loading. Journal of Food 

Engineering, 46, 1-8. 

15. Kabutey, A., Herák, D., Chotěborský, R., Si-

galingging, R., & Mizera, Č. (2015). Effect of 

compression speed on energy requirement and 

oil yield of Jatropha curcas L. bulk seeds un-

der linear compression. Biosystems Enginee-

ring, 136, 8-13.  
 

 

 

 

 

 

 

 

Corresponding author: 

doc. Ing. Abraham Kabutey, Ph.D., Department of Mechanical Engineering, Faculty of Engineering, 

Czech University of Life Sciences Prague, Kamýcká 129, Praha 6, Prague, 165 00, Czech Republic, 

phone: +420 22438 3178, e-mail: kabutey@tf.czu.cz 

Proceeding of the 9th International Conference on Trends in Agricultural Engineering 2025 
ISBN 978-80-213-3541-7  

155/272


	musayev



