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Table S1. Correlation results of processing factors and responses of pumpkin seeds oil extracted at 25 oC. 

 
Factors 

𝐃𝑿 
(mm) 

𝐎𝒀  
(%) 

𝐎𝑬𝑬  
(%) 

𝐄𝑵  
(J) 

Speed (mm/min) 0.06ns −0.67* −0.67* −0.25ns 
Force (kN) 0.54* 0.68* 0.68* 0.95* D௑: Deformation (mm); O௒: Oil yield (%); Oாா: Oil expression efficiency (%); Eே: Energy (J); * Significant (P < 0.05); 

ns Non-significant (P > 0.05) 

Table S2. Determined regression models for the responses of pumpkin seeds oil extraction at 25 oC. 

 
Effect 

Model a 𝐃𝑿 (mm) 
Standard 

Error 
 

t-value 
 

P-value 
Intercept 43.55 1.45 29.94 < 0.05* 
Speed (mm/min) 0.07 0.18 0.37 > 0.05ns 
Force (kN) 0.02 0.01 3.17 < 0.05* 
 
Effect 

Model b O௒ (%) 
Standard 

Error 
 

t-value 
 

P-value 
Intercept 8.58 0.68 12.58 < 0.05* 
Speed (mm/min) −0.95 0.09 -11.07 < 0.05* 
Force (kN) 0.04 0.00 11.28 < 0.05* 
 
Effect 

Model c Oாா (%) 
Standard 

Error 
 

t-value 
 

P-value 
Intercept 25.50 2.03 12.58 < 0.05* 
Speed (mm/min) −2.81 0.25 −11.07 < 0.05* 
Force (kN) 0.11 0.01 11.28 < 0.05* 
 
Effect 

Model d Eே (J) 
Standard 

Error 
 

t-value 
 

P-value 
Intercept 285.87 25.14 11.37 < 0.05* 
Speed (mm/min) −17.58 3.15 −5.58 < 0.05* 
Force (kN) 2.71 0.13 21.52 < 0.05* 
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* Significant (P < 0.05); ns Non-significant (P > 0.05); a Coefficient of determination (R2 = 0.24); b Coefficient of 
determination (R2 = 0.91); c Coefficient of determination (R2 = 0.91); d Coefficient of determination (R2 = 0.95); a F-
value = 5.08; b F-value = 124.93; c F-value = 124.93; d F-value = 247.15 

Table S3. Determined coefficients of Maxwell model with five elements at optimum processing 
factors. 

Samples 
N 

𝑬𝟏  
(MPa) 

𝑬𝟐  
(MPa) 

𝑬𝟑  
(MPa) 

𝜼𝟏  
(MPa·s-1) 

𝜼𝟐  
(MPa·s-1) 

1 42.859 9.536 35.865 389.63 866.900 
2 42.673 9.600 32.214 442.304 872.760 
3 47.714 8.464 35.922 433.765 956.206 

Mean  
± SD 

44.415 
± 2.858 

9.200 
± 0.638 

34.667 
± 2.125 

421.901 
± 28.271 

898.622 
± 49.955 

N: Samples repetitions; 𝐸ଵ, 𝐸ଶ and 𝐸ଷ are coefficients of modulus of elasticity; 𝜂ଵ and 𝜂ଵ 
are coefficients of viscosity. 

Table S4. Statistical analysis of Maxwell model with five elements at optimum processing factors. 

Samples 
N 

𝐅𝐫𝐚𝐭𝐢𝐨  
(−) 

𝐅𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥  
(−) 

𝐏𝐯𝐚𝐥𝐮𝐞  
(−) 

R2 
(−) 

1 0.054 3.857 0.817 0.997 
2 0.04 3.854 0.841 0.997 
3 0.036 3.854 0.851 0.996 

Mean  
± SD 

0.043 
± 0.036 

3.855 
± 0.001 

0.836 
± 0.017 

0.997 
± 0.001 

N: Samples repetitions; Fୡ୰୧୲୧ୡୟ୪  > F୰ୟ୲୧୭  and  P୴ୟ୪୳ୣ  > 0.05 means significant; R2 is the model 
coefficient of determination 

 
Figure S1. Relaxation stress versus time of pumpkin seeds at optimum processing factors. 
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Figure S2. Transmittance versus wavelength of pumpkin seeds oil at room and heating temperatures. 
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Figure S3. Surface and contour plots of factors interaction (force, speed and temperature) on the responses: oil yield (a) and 

(b); oil expression efficiency (c) and (d) and energy (e) and (f) of pumpkin seeds. 

 

 

 


