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Abstract 1 8  
 1 9  
Pu mpki n seed oil ( Curcubit a mochat a ) consists mai nl y of unsat urat ed fatt y aci ds such as oleic aci d and linol ei c 2 0  

aci d. Extracti on of pumpki n seed oil while retai ni ng its hi gh nutriti onal quality is a challenge, as conventi onal 2 1  

sol vents are not suitable for the extracti on. In t his st udy, t he para met ers of ultrasound-assisted extracti on ( UAE) 2 2  

of pumpki n seed oil were optimi sed usi ng et hanol and hexane as sol vents and compared to t wo conventi onall y 2 3  

used extracti on techni ques ( Soxhl et and t he Bli gh and Dyer). An experi ment al desi gn with a response surface 2 4  

and a t wo-l evel 2^2 fact orial approach wit h 5 replicat es at the central poi nt for t wo sol vents (et hanol and hexane) 2 5  

was perfor med. 2 variabl es were investi gated: ( %) a mplit ude and te mperat ure (°C). The opti mal conditi ons for 2 6  

extracti on wit h hexane and ethanol were: 44. 48 % and 69. 25 % a mplit ude, 69. 19° C and 50° C, wit h a yi el d of 2 7  

25. 054 % and 25. 01 %, respectivel y. A coefficient of variation of less than 5 % was obt ai ned, i ndi cati ng t hat t he 2 8  

predi ct ed perfor mance is quite homogeneous compared t o the vali dated perfor mance. The anal ysis of the fatt y 2 9  

aci d profile of the pu mpki n seed oil revealed a si gnificant  cont ent of unsat urat ed fatty acids (80 % consisti ng 3 0  

of ol eic aci d and linol ei c aci d), wit h si gnificant  differences bet ween conditi ons and extracti on met hods.  The 3 1  

co mparison a mong t he met hods showed t hat UAE was a more efficient met hod wit h a si gnificant concentrati on 3 2  

of ol eic aci d and linol ei c aci d  for a possi ble furt her eco-friendl y technol ogy.  3 3  

 3 4  
Key words: Central Co mposite Rot at abl e Desi gn ( CCRD), Soxhl et extracti on (SE), Bli gh and Dyer met hod 3 5  

( BD), ol eic aci d, linol ei c aci d, tocopherols. 3 6  

 3 7  
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1. Introducti on 4 3  

The pu mpki n bel ongs t o t he genus Curcubita, a veget abl e from t he gourd fa mil y ( Cucurbitaceae) nati ve t o 4 4  

Ameri ca. The most common pu mpki n species are Curcubita maxi ma, Cucurbita pepo and Curcubita moschat a 4 5  

( Kukeera et al. 2015). Accordi ng t o t he FAO, gl obal producti on i n 2013 was 25 million t onnes/ year, 100 4 6  

t housand t onnes/ year at nati onal level and 9, 500 t onnes i n Valle del Cauca ( Agr onet, 2006) . 4 7  

The pu mpki n ( Cucurbit a sp.) is a fruit of mass consu mpti on in Col ombi a and around t he worl d. In general,  t he 4 8  

product obt ai ned is desti ned for the nati onal market for fresh consu mpti on and t he peel and seeds, whi ch 4 9  

represent approxi mat el y bet ween 15 % and 6 % of the weight respecti vel y, are largel y regarded as agro-5 0  

i ndustrial waste ( Le mus- Mondaca et al. 2019). Processi ng is li mit ed t o t he use of the pumpki n pul p, wit hout 5 1  

taki ng i nt o account the seeds. On t he ot her si de, t he seeds, whose consu mpti on is i ncreasing i n many Afri can 5 2  

country, can be a source of i mportant i ngredi ents that are often lacki ng i n the di et of many rural communities 5 3  

and whi ch, after roasti ng and salting, are eat en directl y as snacks and also used as a food additives ( Dott o and 5 4  

Chacha, 2020). Several st udi es have report ed on t he pot ential of t hese by-products ( Ada ms et al. 2012; Zhang 5 5  

2004; Zhang et al. 2004). In pu mpki n seed oil, unsat urat ed fatt y aci ds such as ol ei c acid and linol ei c aci d 5 6  

predo mi nat e wit h 60 % and 90 % respecti vel y ( Ei kani et al. 2016). Thanks t o their melting poi nt, t hey offer 5 7  

hi gh oxi dati ve stabilit y for industrial and st orage purposes and l ow producti on of free radi cals in t he hu man 5 8  

di et. They also cont ai n a non-fatt y phase (t ocopherols), whi ch possesses an anti oxi dant effect that can be 5 9  

expl oited i n the for mul ati on of food and phar maceutical products ( Rezi g et al. 2012). Pu mpki n seed oil is used 6 0  

as an edi ble oil i n countries such as Sl oveni a, Austria and Hungary, Africa and t he Mi ddl e East ( Alfawaz et al. 6 1  

2004). Among t he many benefits of its use are: reduced prost ate growt h, reduced bl ood chol est erol levels, 6 2  

control of uret hral pressure and bladder functi on, promoti on of hypergl ycae mi c acti vit y and t hus hel p i n t he 6 3  

preventi on of di abet es and is an i mportant source of vita mi n E.  (St evenson et al. 2007). For all these reasons, it 6 4  

is consi dered a promi si ng food product and its pot ential continues t o grow. However, its potential use as a food 6 5  

i ngredi ent requires funrt her research.  6 6  

Generall y, the oil is extract ed wi t h sol vents, achievi ng a yi eld of about 98 % ( Kukeera et. Al. 2015). One of t he 6 7  

mai n extracti on met hods currentl y used is che mi cal sol vent extracti on ( Li et al. 2011), but this usuall y requires 6 8  

a hi gh te mperat ure and a long peri od of ti me as well as si gnificantl y hi gh operati ng costs to extract t he oils. 6 9  

Hexane is one of the most commonl y used sol vents due t o its l ow cost and hi gh affi nit y to t he oil matri x. On 7 0  

t he ot her hand, several ot her sol vents have also been used for extracti on, i ncl udi ng acet one,  et hanol and 7 1  

isopropanol ( Oli vi era et al. 2013).  7 2  

Among alternati ve techni ques, ultrasound-assisted extraction ( UAE) is an innovati ve techni que t hat is 7 3  

consi dered a “eco-friendl y technol ogy” and has gai ned i nt erest i n recent years due t o its outstandi ng advant ages 7 4  

co mpared t o conventi onal techni ques. These i ncl ude t he use of s mall a mounts of sol vent, short extracti on ti me, 7 5  

l ow i nstrument al require ments and l ow econo mi c and environ ment al i mpact ( Dang et al. 2017; Rahi mi et al. 7 6  

2016; Vázquez- Rodrí guez et al. 2020). UAE is used for the extracti on of bi oacti ve compounds from food 7 7  

mat rices and has recentl y been i ntroduced for oil extracti on from seeds. The use of ultrasound has advant ages 7 8  

t hanks t o t he cavitati on phenomenon, that i ncreases mass transfer from sol vent to sol ute, resulting i n  hi gher 7 9  

yi el ds, l ower extracti on ti me and te mperat ure, and l ower sol vent vol ume require ment s ( Lou et al. 2010; 8 0  



Ar ment a et al. 2013). Alt hough UAE enabl es hi gher oil extracti on, it also leads t o oxidati on of the oil, oil 8 1  

co mponents and quality changes due t o cavitation effects (Tavares et al. 2017). This technol ogy has already 8 2  

been successfull y used for the extracti on of bi oacti ve compounds. However, t here are onl y a few st udi es on oil 8 3  

extracti on from seeds usi ng UAE ( Ma et al. 2019). 8 4  

The ai m of the present st udy was t o opti mi ze t he para met ers of UAE for the extracti on of pumpki n seed oil 8 5  

( Curcubit a mochat a) when ethanol and hexane are used as sol vents, t o compare t he m with t wo conventi onall y 8 6  

used extracti on techni ques ( Soxhl et and t he Bli gh and Dyer met hod) and t o characterize the spent oil cake.  8 7  

 8 8  

2. Materi als and met hods 8 9  

2. 1. Characterisati on of the seeds 9 0  

The pu mpki n seeds of the Bolo Verde variet y were obt ai ned from mat erial collect ed duri ng a harvest ( March 9 1  

t o April 2023) in the muni ci pality of Restrepo ( Valle del Cauca- Col ombi a) at an altit ude of 1, 400 metres above 9 2  

sea level. The seeds were manuall y separat ed from t he fruit and pu mpki n seed cl ean were hot wat er bl anched 9 3  

i n a wat er bat h at 60 ° C for 10 mi n. The blanched seeds were qui ckl y cool ed wit h cold wat er to st op t he 9 4  

bl anchi ng process after whi ch they were t hen dried i n a convecti on oven (I KA LABORTECHNI K STAUFEN,  9 5  

Ger many) for 24 hours at 45 ± 3 ° C, as report ed by Rodri guez – Mi randa et al (2014). The dried seeds were 9 6  

ground ( Di da Control, Col ombi a) and sieved t o obt ai n a specific particle size of 0. 59 mm (Kukeera et al. 2015, 9 7  

Barizão et al. 2015). 9 8  

 9 9  

2. 2. Characterisati on of the soli d matters after oil extraction  1 0 0  

The moist ure and ash cont ent of bot h t he pul verised seed sa mpl es and t he soli d matter resulting after oil 1 0 1  

extracti on (pu mpki n oilseed cake) were deter mi ned usi ng met hods 925. 09 and 923. 03 ( AOAC), crude prot ei n 1 0 2  

cont ent (ISO 1781), AOAC fat 922. 06 and AOAC di et ary fiber 985. 29 respecti vel y. 1 0 3  

 1 0 4  

 1 0 5  

2. 3. Extracti on of pumpki n seed oil 1 0 6  

 1 0 7  

2. 3. 1. Soxhl et extracti on 1 0 8  

Soxhl et extracti on was performed accordi ng t o t he met hod descri bed by Bari zão et al. (2015) and Kukeera et 1 0 9  

al. (2015). Ten gra ms (10g) of a sa mpl e of pumpki n seed fl our was extract ed wit h 150 mL of sol vent (n-hexane 1 1 0  

and et hanol) for 3 h i n a Soxhlet apparat us. The experi ment s were carried out in triplicat e (ȵ=3).  1 1 1  

 1 1 2  

 1 1 3  

2. 3. 2. Extracti on by Bli gh and Dyer 1 1 4  

The met hod of Bli gh & Dyer (1959), t o whi ch Bari zão et al. (2015), was used t o quantify the oil i n pu mpki n 1 1 5  

seeds. A sa mpl e of pumpki n flour (10 g) was mi xed wit h a met hanol –chl orofor m sol uti on in a 2: 1 rati o (20 mL 1 1 6  

– 10 mL) for three mi nut es, t hen a chl orofor m– wat er sol ution (10 mL: 20 mL) was added,  and mi xed   for 30 1 1 7  



seconds. Phase separati on was observed: The supernat ant consisted of the chl orofor m–fat mi xt ure and t he 1 1 8  

met hanol –wat er preci pitate. The mi xt ure was t hen cool ed for 24 hours t o induce t he separation.  1 1 9  

All procedures were perfor med i n triplicat e (n=3). Aft er extracti on was compl eted, t he solvents were re moved 1 2 0  

under reduced pressure usi ng a rot ary evaporat or (I KA RV8, USA). The flask was t hen placed i n a desi ccat or 1 2 1  

cha mber for 1 hour t o re move the re mai ni ng sol vent and st ored at 5° C and a relati ve hu mi dity of 85 %.  1 2 2  

 1 2 3  

 1 2 4  

2. 3. 3. Ultrasound- assisted extracti on ( UAE)  1 2 5  

The extracti on was perfor med accordi ng t o t he met hod descri bed by Bari zão et al. (2015) wit h some 1 2 6  

modificati ons. Before extraction, t he most suitable seed/solvent rati o was deter mi ned. Sampl es wit h different 1 2 7  

concentrati ons (rati o 1/ 10, 1/ 20, 1/ 30 w/ v for the t wo sol vents et hanol and hexane) were pl aced on a heati ng 1 2 8  

pl at e wit h stirring. Extracti on was perfor med wit h a soni cator ( Branson, Di gital Sonifer, Model 450 USA) at a 1 2 9  

frequency of 60 Hz usi ng a sonotrode of 5 mm di a met er in a jacket ed glass (Fi gure 1). The extracti on 1 3 0  

te mperat ure was controlled using a recircul ati ng bat h (Pol ysci ence, AD15R- 30). The extracti ons were carri ed 1 3 1  

out for 20 mi nut es and t he seed/sol vent rati o sel ect was equal to 1: 10. The oil extracti on reached about 22. 5 ± 1 3 2  

0. 5 % at a rati o of 1: 30 escalating t o about 23 % when t he ratio was i ncreased t o 1: 10 for bot h sol vents (Fi gure 1 3 3  

1S. This rati o was consi dered the opti mu m val ue as it is frequentl y used i n t he literat ure. At the end of t he 1 3 4  

extracti on, t he separati on of the sol vent from t he sa mpl e was carried out by usi ng a filtration syst e m. To obt ai n 1 3 5  

t he oil, the sol vent was t hen evaporated under vacuu m by using a rot ary evaporat or. 1 3 6  

 1 3 7  

 1 3 8  

 1 3 9  

Fi gure 1. Syste m for ultrasonic assisted extracti on. a. Control panel; b.  Sonotrode; c. Gl ass beaker; d. Cooli ng 1 4 0  

wat er circul ati on; e. Cooli ng equi pment.  1 4 1  

  1 4 2  

a 

b 

c 

e 

d 



2. 4. Experi ment al desi gn 1 4 3  

 1 4 4  

Res ponse Surface Met hodology ( RS M) and Central Composite Rot atabl e Desi gn ( CCRD)  1 4 5  

To fi nd t he best conditi ons for ultrasoni c extracti on wit h t wo different sol vents (hexane and et hanol), t he 1 4 6  

response surface met hodol ogy ( RS M) and a central composite rot at abl e desi gn ( CCRD) were used. The fact ors 1 4 7  

eval uat ed were X1 (te mperat ure °C), X2 ( % a mplit ude) and the response variabl e was Y (% yi el ds). The t wo 1 4 8  

fact ors were coded i nt o 5 levels −α (-1. 41421), −1, 0, +1 and +α( +1. 41421). Twent y-one experi ments were 1 4 9  

conduct ed i ncl udi ng repetiti ons at t he central poi nt ( Tabl e 1). 1 5 0  

 1 5 1  

Tabl e 1. Fact ors, codi ng and val ues used for the experiment s.  1 5 2  
Fact or Level s coded 

-1. 41421 -1 0 +1 + 1. 41421 

Te mper at ur e (° C) X1  25. 85 30 40 50 54. 14 

Ampl i t ude ( %) X2 31. 7 40 60 80 88. 28 

 1 5 3  
The experi ment al data were fitted accordi ng t o t he second- order pol yno mi al model ( Eq. 1) and t he regressi on 1 5 4  

coefficients were deter mi ned.  1 5 5  

 1 5 6  
1 5 7  

Eq. 1  1 5 8  

where β0, β1, β2, β12, β11 and β22 are the regressi on coefficients (β0 is a constant ter m, β1 and β2 are li near effect 1 5 9  

ter ms, β11 and β22 are quadratic effect ter ms of the model); X1 and X2 are fact ors; ε corresponds t o the model 1 6 0  

error; and it is the response variable. The statistical anal ysis of the model, the lack of fit and t he regressi on was 1 6 1  

assessed usi ng ANOVA anal ysis of variance. The quality of fit of t he pol yno mi al model was assessed usi ng t he 1 6 2  

coefficient of deter mi nati on R2 and adequacy by t he test for lack of fit. All experi ment al dat a were anal ysed 1 6 3  

usi ng t he Desi gn Expert  trial versi on 11. 0 progra m.  1 6 4  

The opti mal results were compared wit h t he Soxhl et extraction and t he Bli gt h and Dyer as a control.  1 6 5  

 1 6 6  

2. 5. Characterisati on of the seed oil 1 6 7  

2. 5. 1 Yi el d 1 6 8  

For each extracti on, t he yi el d was cal cul at ed usi ng t he foll owi ng equati on:  1 6 9  

 1 7 0  
1 7 1  

 1 7 2  

 1 7 3  



2. 5. 2. Deter mi nati on of the aci dity 1 7 4  

Aci dit y deter mi nati on was perfor med accordi ng t o t he met hodol ogy descri bed i n AOAC (1995). Fi ve gra ms of 1 7 5  

oil were mi xed wit h 50 mL of alcohol. Three drops of phenol pht halei n were added and wi t hout st oppi ng t he 1 7 6  

stirri ng, t he base ( KOH) was added dropwi se until a persistent pi nk col our appeared for 30 seconds.  1 7 7  

 1 7 8  
2. 5. 3. Refracti ve i ndex 1 7 9  

The refracti ve i ndex was determi ned accordi ng t o t he met hodol ogy descri bed i n AOAC (1995), usi ng a di git al 1 8 0  

Rei chert refract omet er ( AR200, USA) at a temperat ure of 20 ° C wit h a drop of oil on t he lens.  1 8 1  

 1 8 2  

2. 5. 4. Fatty aci d profile 1 8 3  

The fatt y aci d profile was anal ysed by extracti on and quantificati on of their met hyl esters usi ng gas 1 8 4  

chromat ography wit h a fla me ionisati on detect or ( GC- FI D) accordi ng t o the ISO 5509-2000 ( E) standard. The 1 8 5  

37-co mponent FAME mi x ( AccuSt andard, Inc., Mar ket Street, Ne w Haven CT 06513) was used as a certified 1 8 6  

reference standard. The chromat ographi c anal ysis of the sampl e was carried out in a gas chromat ograph ( GC) 1 8 7  

AT 6890N ( Agil ent Technol ogi es, Pal o Alt o, Californi a, USA) wit h a fla me i onisati on detect or (FI D).  1 8 8  

 1 8 9  
2. 5. 5. Vita mi n E  1 9 0  

Det ecti on of (α, γ, δ)-t ocopherol i n the pu mpki n seed oil sampl es was carried out by hi gh perfor mance li qui d 1 9 1  

chromat ography wit h di ode array det ect or ( HPLC)/ DAD). The met hod was standardised i n the chromat ography 1 9 2  

laborat ory of the Bi omol ecule Research Centre ( CI BI MOL) of the Facult y of Che mi stry of the Industrial 1 9 3  

Uni versit y of Sant ander- Colo mbi a. The vita mi ns α-t ocopherol (part no. 25. 802-4, Si g ma- Al dri ch), γ -1 9 4  

t ocopherol (part no. T1782, Si g ma- Al dri ch), δ-t ocopherol (part no. T2028, Si gma- Al drich) were used as 1 9 5  

reference mat erial. Al drich). The anal ysis was perfor med i n an Agil ent Technoli ges 1200 Series li qui d 1 9 6  

chromat ograph ( LC) (Pal o Alto, California, USA), 250 mm x 4. 6 mm (i. d.) x 5. 0 µm (particl e size). 1 9 7  

 1 9 8  
2. 6. Data Anal ysis 1 9 9  
All anal yses were perfor med in triplicat e and expressed as mean ± SD. All data were subj ected t o one- way 2 0 0  

ANOVA for mean comparisons, standard devi ati on (SD) and si gnificant differences were cal cul at ed accor di ng 2 0 1  

t o Tukey HSD post-hoc test. The reliabilit y of the fit of the pol yno mi al model was eval uated t hrough t he 2 0 2  

coefficient of deter mi nati on R2 and its adequacy utilizi ng t he lack of fit test. The results were anal yzed usi ng 2 0 3  

t he Desi gn Expert 11. 0 trial versi on (St at- Ease, Mi nneapolis, MN, USA) and SAS 9. 4® soft ware ( USA).  2 0 4  

 2 0 5  

 2 0 6  
3. Results and discussi on 2 0 7  

3. 1 Opti mi zati on of extracti on para meters 2 0 8  

Experi ment al desi gn and  yi eld  extracti on ( %Y)  for the pumpki n seed oil usi ng et hanol and hexane as sol vent s 2 0 9  

are shown i n Tabl e 2. The yield ranged bet ween 21. 7 % - 24. 9% when et hanol was used and bet ween 19. 9 % - 2 1 0  

24. 9 % for hexane. ANOVA anal ysis of variance wit h Duncan test (95 % confi dence level) and regressi on 2 1 1  



anal ysis usi ng a response surface model were perfor med for each of the extracti ons to det er mi ne t he best 2 1 2  

perfor mance for each sol vent. 2 1 3  

 2 1 4  

Tabl e 2. Central Co mposite Rot at abl e Desi gn ( CCRD) of t wo fact ors in five levels and experi ment al val ue 2 1 5  
and yiel d for conventi onal methods.  2 1 6  
 2 1 7  

Ul trasound Assisted Extracti on ( UAE)  

N° Or der Vari abl e 1 

te mperat ure(°C)  

Vari abl e 2 

( %  

a mplitude) 

X1  X2  Yi el d ( %)  

YE % YH% 

1 30 40 -1 -1 22. 3 23. 1 

1 30 40 -1 -1 22. 2 22. 9 

2 30 80 -1 1 23. 9 24. 1 

2 30 80 -1 1 23. 7 24. 2 

3 50 40 1 -1 23. 3 23. 5 

3 50 40 1 -1 23. 8 23. 3 

4 50 80 1 1 24. 8 25. 5 

4 50 80 1 1 24. 9 25. 3 

5 40 60 0 0 24. 3 24. 9 

5 40 60 0 0 24. 5 24. 9 

5 40 60 0 0 25 24. 8 

5 40 60 0 0 24. 9 24. 8 

5 40 60 0 0 24. 9 24. 9 

6 54. 14 60 +1. 41421 0 24. 9 25 

6 54. 14 60 +1. 41421 0 24. 9 25 

7 40 31. 7 0 -1. 41421 23. 5 23. 6 

7 40 31. 7 0 -1. 41421 23. 5 23. 6 

8 40 88. 28 0 +1. 41421 24. 6 24. 7 

8 40 88. 28 0 +1. 41421 24. 6 24. 7 

9 25. 85  60 -1. 41421  0 23. 9 24. 2 

9 25. 85 

 

60 -1. 41421 

 

0 23. 9 24. 2 

Soxhl et Extracti on 

1 
    

15. 99±1. 6 27. 73 ± 0. 3 

Bli gh and Dyer Met hod 

1 
    

5. 8± 0. 6 

 X1: Temper at ur e (° C); X2: % ampli t ude; YE: %  Yi el d  wit h et hanol ; YH:  % Yi el d wit h hexane.  2 1 8  
 2 1 9  

The experi ment al data were fitted t o the second order pol yno mi al model and t he regression of the obt ai ned 2 2 0  

equati on was anal ysed by ANOVA ( Tabl es 2 and 3), wit h statisticall y si gnificant results (P ≤ 0. 05).  2 2 1  

 2 2 2  

 2 2 3  

 2 2 4  



Tabl e 3. Anal ysis of variance ( ANOVA) of the fact ors. 2 2 5  

 2 2 6  
 In additi on, t he val ues of the coefficient of deter mi nati on i ndi cate reliabilit y, as the degree of expl ai ned 2 2 7  

vari ance is bet ween 95 and 96 %.  Moreover, t he lack of fit was not si gnificant (P < 0. 05), indicati ng t hat t he 2 2 8  

equati ons obt ai ned are adequate for predi cti ve purposes. Accordi ng t o the results i n Tabl e 3, the li near ter ms of 2 2 9  

te mperat ure, a mplit ude ( X1, X2) and quadratic a mplit ude ( X22) for each extracti on (et hanol and hexane as 2 3 0  

sol vents) were si gnificant (P ≤ 0. 05). The quadratic equati on,  after excl udi ng si gnificant terms, is shown i n Eq. 2 3 1  

4 and 5: 2 3 2  

 2 3 3  

 2 3 4  
2 3 5  

2 3 6  

 2 3 7  
2 3 8  

2 3 9  

 2 4 0  

The exposure ti me and t he ratio bet ween sol vent/ sa mpl e rati o were fixed variabl es in this experi ment.  The 2 4 1  

effect of ultrasound exposure ti me on t he yi el d  was previ ousl y eval uat ed and shown on Fi gure 1S. Vari ous 2 4 2  

Factors Su m of squares  Degrees of 

freedo m 

Me an square F val ue  P val ue 

 

Et hanol  

Model  11. 12 5 2. 22 12. 53 ≤ 0. 0001 

X1 – temperat ure  3. 54 1 3. 54 19. 97 0. 0005 

X2 – a mplit ude 4. 85 1 4. 85 27. 35 0. 0001 

1. 01 

 

1 1. 01 0. 1761 0. 00154 

 

2. 46 1 2. 46 5. 70 0. 0305 

Resi dual   2. 66 

 

15 

 

0. 1774 

 

 

 

 

 

Lack of fit 

 

0. 89 3 0. 7128 13. 86 0. 1624 

Pure error 0. 5230 12 0. 0436   

Tot al  13. 78 20    

Hexane 

 

Model  10. 22 5 2. 04 16. 27 ≤ 0. 0001 

X1 – temperat ure  1. 36 1 1. 36 10. 82 0. 0050 

X2 – a mplit ude 5. 89 1 5. 89 46. 93 0. 0001 

0. 6712 1 0. 6712 3. 98 0. 0354 

 

2. 38 

 

1 

 

2. 38 

 

5. 34 

 

0. 0006 

 

Resi dual   1. 88 15 0. 1256 18. 94  

Lack of fit 
 

0. 82 3 0. 5873 57. 77 0. 1524 

Pure error 0. 1220 12 0. 0102   

Tot al  12. 10 20    



ti mes (10, 20, 30 and 40  mi n) was exa mi ned, while ot her extracti on variabl e were kept as foll ows: ratio of 2 4 3  

sol vent/sa mpl e (see secti on 2.3. 3). The yiel d increased rapi dly for increasi ng ultrasound exposure ti mes rangi ng 2 4 4  

from 10 t o 20 mi n. Thereafter, however, it reached a pl ateau, t o avoi d energy consu mpt ion and reduce t he 2 4 5  

extracti on ti me, 20 mi n was sel ect ed as the opti mu m ultrasound exposure ti me for oil producti on.  In t he sa me 2 4 6  

trends, t he oil extracti on reached about 22. 5 ± 0. 5 % at a ratio of 1: 30 escalati ng t o about  23 % when t he rati o 2 4 7  

was i ncreased t o 1: 10. for both sol vents 20 mi nut es and ratio 1: 10 are consi dered t he opti mu m val ue as it is 2 4 8  

frequentl y used i n the literat ure.  2 4 9  

This pheno menon can occur in t wo phases: a first phase in whi ch t he sol vent penetrat es the cell struct ure, 2 5 0  

foll owed by a second phase consisting of exter nal diffusion t hrough t he poros struct ure, whi ch takes pl ace 2 5 1  

duri ng t he first 20 mi nut es of exposure ( Rodri guez – Mi randa et al. 2014).  2 5 2  

Fi gure 2 ill ustrate the correl ation bet ween t he 2 i ndependent variables and t he response vari able ( %Y). The 2 5 3  

t hree-di mensi onal response surface graph i ndi cates a the quadratic relati onshi p bet ween t he a mplit ude and t he 2 5 4  

te mperat ure for bot h sol vents.  When t he response variabl e was i ncreased t o 80 % a mplitude and 50 ° C, t he 2 5 5  

yi el d reached about 24. 83 % ± 0. 05 and 25. 3 ± 0. 15 of the yi el d (hexane and et hanol), t hen a slight decrease 2 5 6  

was observed when t he a mplitude reached 40 %. Wit h i ncreasi ng te mperat ure, the yi el d  also i ncreases (directl y 2 5 7  

proporti onal) up t o approxi mat e power val ues of 25 %. This pheno menon is largel y due to the fact t hat t he 2 5 8  

i ncrease i n te mperat ure promotes the i mpr ove ment of mass transfer wit h a greater sol ubility of the oil and t he 2 5 9  

decrease in t he viscosit y of the sol vent ( Rodri guez – Mi randa et al. 2014; Bari zão et al. 2015).  2 6 0  

 2 6 1  

Fi gure 2. Three-di mensi onal response surface, yi el d ( %) as a functi on of Amplit ude ( %) and 2 6 2  
Te mperat ure (°C), wit h hexane (a) and Et hanol (b) extracti on respect evl y.  2 6 3  

 2 6 4  

 2 6 5  

 2 6 6  

 2 6 7  

 2 6 8  

 2 6 9  



 2 7 0  

The data were anal ysed usi ng the Desi gn Expert progra mme by deri vi ng t he models to deter mi ne t he conditi ons 2 7 1  

t hat maxi mi se t he extracti on yiel d of pumpki n seed oil for each sol vent (see Tabl e 4).  2 7 2  

 2 7 3  

 2 7 4  

Tabl e 4. Experi ment al and predi ct ed  results by t he equati on model s for opti mu m conditi on. 2 7 5  
 

Sol vents 

 

Opti mal conditi on  

 

Predi cted 

 

Act ual  

% CV 

 Amplit ude ( %)  Te mperat ure (°C)    

 

Hexane 

 

44. 48 

 

69. 19 

 

25. 05 

 

24. 5 

1. 5 

 

Et hanol  

 

50 

 

69. 25 

 

25. 03  

 

24. 3 

 

2. 5 

 2 7 6  
 The soft ware deter mi ned t he best experi ment al conditi ons (poi nt i n the experi ment al desi gn at whi ch t he 2 7 7  

hi ghest perfor mance is achi eved) and t he opti mal conditi ons (input val ues at whi ch t he perfor mance variabl e is 2 7 8  

maxi mi sed). The opti mal conditi ons predi cted by t he model were a yi el d of 25. 05 and 25. 03 g/ g usi ng 44. 48 2 7 9  

and 50 % of a mplit ude and a temperat ure of 69. 19 and 69. 25°C for hexane and et hanol, respecti vel y. The result 2 8 0  

agrees wit h t hat of Bari zao et al. (2015), who report t hat t he extracti on of pomegranat e seed oil (28 % yi el d) i n 2 8 1  

t his st udy is si mil ar t o our experi ment al opti mu m (cl ose t o 25% i n our experi ments) and a higher yi el d co mpared 2 8 2  

t o the st udy report ed by Gaspari ni et al. (2023) for the extraction of appl e seed oil (17 % yi eld) wit h UAE. Ot her 2 8 3  

aut hors succeeded i n reduci ng t he extracti on ti me and temperat ure (45° C and 15 mi nut es). The extracti on 2 8 4  

efficiency for these conditi ons was 87. 56 % for the extraction of bl ackberry seed oil ( Mat ei et al. 2023). A 2 8 5  

coefficient of variati on of 2. 5 and 1. 5 % respect evl y  was observed under t hese conditi ons, indi cati ng t hat t he 2 8 6  

oil yiel d predi ct ed by t he model is quite homogeneous wit h respect t o the experi ment al val ues.  The results show 2 8 7  

t hat t he proposed met hod has a good correlation bet ween t he experi ment al and predi ct ed values, wit h low val ues 2 8 8  

for the standard devi ati on and the coefficients of variati on, indi cati ng t hat our response model can be used for 2 8 9  

esti mati ng t he oil yiel d of pumpki n seed oil. 2 9 0  

 2 9 1  

 Fi nall y, t he yi el d of the Soxhlet extracti on showed an average val ue of 15. 99±1. 96 % wit h ethanol and 27. 7±0. 3 2 9 2  

% wit h hexane, while the yiel d of the Bli gh &Dyer met hod was onl y about 6. 16±0. 35 %. Thus, t he UAE 2 9 3  

i mpr oved t he abilit y of et hanol to extract oil (from about 15. 99 t o 24. 03), while slightl y reduci ng t hat of hexane 2 9 4  

(27. 7 t o 24. 5). The oil yiel ds of UAE obt ai ned i n t he present st udy were si mil ar t o the results report ed by Shah 2 9 5  

et al. (2013) and Sil va et al. (2017): 26. 04 % and 30. 39 %,  respecti vel y, when eval uati ng t he effici ency of UAE 2 9 6  

of radish seed oil usi ng met hyl acetat e as a sol vent. In this study, t he hi gh yiel d of pu mpi nk seed oil obt ai ned 2 9 7  

i n UEA wit h et hanol was attribut ed t o the fact t hat et hanol can extract ot her components such as sugars and 2 9 8  

phospholi pi ds compared t o hexane ( Baü ml er et al., 2016). In this cont ext, et hanol is consi dered a green sol vent 2 9 9  

wit h great pot ential as a substitute for n-hexane. Its advant ages i ncl ude l ow t oxi cit y, operati onal safet y, hi gh 3 0 0  

purit y and bi odegradabilit y, fact ors that characterise it as a GRAS (generall y recognised as safe) sol vent 3 0 1  

( Bul ano et al. 2015). 3 0 2  



 3. 4 Oils Characterisati on  3 0 3  

 The characterisati on of the oils is shown i n Tabl e 5. The oils were characterized by a col our rangi ng from 3 0 4  

i ntense red t o li ght red, without sedi ment. The aci dit y index was hi gh and t here were no si gns of aci d 3 0 5  

degradati on or ranci dit y, wit hout si gnificant differences between sa mpl es (P > 0. 05) for aci dit y i ndex i n all 3 0 6  

sa mpl es. Si milarl y, Younis et al. (2000) report ed an aci dit y index of 2. 88 mg KOH/ g for pu mpki n seeds of t he 3 0 7  

Curcubit a pepo variet y. These results also i ndi cate that t he oil obtai ned from t he C. Mochat a  requires less 3 0 8  

refi ni ng compared t o ot her varieties: G. Kabocha and Butternut 3. 35 and 3. 74 mg KOH/ g respecti vel y ( Kukeera 3 0 9  

et al. 2015), whi ch requires a purificati on process to re move free fatt y aci ds.  3 1 0  

There are no si gnificant differences i n the refracti ve i ndi ces of the different pumpki n seed oil extracti on met hods 3 1 1  

(P > 0. 05), indi cati ng t hat t he refracti ve i ndex does not depend on t he t ype of extracti on. Al l refracti ve i ndi ces 3 1 2  

are si mil ar t o each ot her 1. 48 (BYD), 1. 46 (SH), 1. 48 (SE), 1. 46 ( UH) and 1. 47 ( UE), respecti vel y. The results 3 1 3  

obt ai ned i n this experi ment are cl ose t o those obt ai ned by anot her aut hor for cott onseed oil (1. 464) and soya 3 1 4  

bean oil (1. 474) ( Alfawaz  2004). 3 1 5  

 3 1 6  

Tabl e 5. Proxi mal composition of pumpki n seeds ( Cucurbita mochat a) oil. 3 1 7  

Anal ysis BYD SH SE UH    UE 

Aci d val ue mg 

KOH/ g 

 

2. 87 ± 0, 02a  2. 79 ± 0, 01a  2. 83 ± 0, 01a  2. 7 ± 0. 0a 2. 9 ± 0. 0a 

Refracti ve i ndex  1. 48 ± 0, 01a  1. 46 ± 0, 01a  1. 48 ± 0, 01a  1. 46 ± 0. 0a 1. 47 ± 0, 01a  

      

α – Tocoferol  < 0. 1 42. 2± 136. 7 43. 7 < 0. 1 

γ – Tocoferol  81. 0 ± 0. 5 128. 8 ± 0. 2 166. 5 ± 1. 2 74. 0 ± 0. 2 101. 4 ± 0. 5 

δ  - Tocoferol 57. 3 ± 0. 2 42. 2 ± 0. 1 116. 8 ± 0. 2 73. 3 ± 0. 1 61. 9 ± 0. 8 

Tot al  138. 3 213. 2 420 191 163. 3 
Not e: Lowercase letters i ndi cat e si gnificant differences bet ween met hods (P≤0. 05) accordi ng t o Tukey' s test results. Codi ng of the sa mpl es: 3 1 8  

BYD (extracti on accordi ng t o Bli gh and Dyer met hod), SH ( Soxhl et – hexane extracti on), SE (Soxhlet – et hanol extracti on), UH (hexane-3 1 9  
ultrasound extracti on, opti mal condition), UE (et hanol-ultrasound extracti on, opti mal conditi on). 3 2 0  

 3 2 1  

 3 2 2  

Tocopherols pl ay a decisi ve rol e in pl ant mat erials agai nst the oxi dati ve degradati on of unsat urat ed fatty aci ds 3 2 3  

( Rezi g et al. 2012). The content of tocopherols in Curcubita mochat a pu mpki n seed oil is report ed as α–3 2 4  

t ocopherol, γ -tocopherol and δ–t ocopherol i n Tabl e 5. It was found t hat a mong t he different pumpki n seed oil 3 2 5  

sa mpl es, t he cont ent of γ -tocopherol was t he hi ghest, foll owed by δ-t ocopherol and fi nall y α–t ocopherol. These 3 2 6  

results are of great i mportance because, accordi ng t o Fat nassi et al (2009), γ -tocopherol has a hi gh anti oxi dant 3 2 7  

acti vit y. Indeed, t he t ot al content of tocopherols in the different oil sa mpl es was si mil ar to ot her cultivars C. 3 2 8  

maxi ma var. Bej aoui (418 mg/100 g oil) and hi gh i n relati on t o C. pepo L. (80. 65 mg/ 100 g oil) ( Rezi g et al. 3 2 9  

2012). The seed oil obt ai ned by t he Soxhl et met hod usi ng et hanol as sol vents showed t he hi ghest cont ent of 3 3 0  



t ocopherols (420 mg/ 100 g) co mpared t o t he use of hexane (120 mg/ 100g) and  compared to t he use of UAE 3 3 1  

wit h eit her sol vents (191 and 163 mg/ 100 g, respecti vel y). 3 3 2  

The fatty acids composition is shown in Fi gure 3.  Four fatty acids were most  abundant  in the different  sampl es 3 3 3  

of  pumpki n seed oil: two  unsaturated fatty acids (oleic acid,  linoleic acid) and two  saturated fatty acids (palmi tic 3 3 4  

acid,  stearic acid). Si gnificant  differences between the different  pumpki n seed oil sampl es were observed (P ≤ 3 3 5  

0. 05). The concentrations of palmi tic acid varied between 15% - 17%,  stearic acid between 8% - 9%,  oleic acid 3 3 6  

between 20% - 22% and linoleic acid between 49% - 50% in the sampl es analysed.  The presence of unsaturated 3 3 7  

fatty acids was prevalent  in all sampl es (mor e than 70%)  compared to saturated ones.  In general, we  found that 3 3 8  

when using traditional  met hods (Soxhlet and Bligh and Dyer) wi th long extraction time,  the fatty acid profile 3 3 9  

is reduced compared to using UAE wi th both solvents, suggesting that  the met hod and time  of solvent  extraction 3 4 0  

may induce lipid oxidation.  In fact, Li  et al. (2023) indicate that  moderate ultrasonic intensity is beneficial as it 3 4 1  

breaks up the cells by mechanical vibration and cavitation,  accelerates the diffusion of the extract in the solvent, 3 4 2  

and significantly increases the content  of high-value fatty acids in the oil, indicating  that  the ultrasound 3 4 3  

treatment  had not  initi a t e d  p e r o x i d a t i o n  p r o c e s s e s  ( Ma t e i  e t  a l .  2 0 2 3 ) .  3 4 4  

 3 4 5  

 3 4 6  

 3 4 7  

Fi gure 3. Fatt y aci d profile for pumpki n seed oils obt ai ned wi t h different extracti on met hods. Codi ng of t he 3 4 8  

sa mpl es: BYD (extracti on by Bli gh and Dyer met hod), SH (Soxhl et – hexane extracti on), SE ( Soxhl et – et hanol 3 4 9  

extracti on), UH (hexane extracti on wit h ultrasound, optinmal conditi on), UE (et hanol extracti on wit h 3 5 0  

ultrasound, opti mal conditi on). Lowercase letters indi cate si gnificant differences bet ween met hods (P≤0. 05) 3 5 1  

accordi ng t o Tukey' s test results. 3 5 2  



 3 5 3  

 3 5 4  

These results are si mil ar t o those of Rezi g et al. (20129), where the hi ghest proporti on of unsat urat ed fatt y aci ds 3 5 5  

(78 %) was found. The concentrati on of pal mitic aci d i n oil sa mpl es extract ed wit h ultrasound and et hanol as 3 5 6  

sol vent showed t he hi ghest values (P ≤ 0. 05), while stearic acid was si gnificantl y hi gher (P ≤ 0. 05) in oil sa mpl es 3 5 7  

extracted wit h ultrasound and hexane as sol vent. The same behavi our was observed for ol eic aci d, t he 3 5 8  

concentrati on of whi ch was significantl y hi gher in the oil sampl es extract ed wit h UH ( P ≤ 0. 05).  3 5 9  

The hi gh cont ent of ol ei c acid and linol ei c aci d shoul d be emphasised. These fatty aci ds have consi derabl e 3 6 0  

nutriti onal val ue and a positive physi ol ogi cal effect i n the preventi on of coronary heart disease and some st udi es 3 6 1  

also suggest a positive effect in aut oi mmune and i nfla mmat ory diseases, in addition t o their abilit y to pro mot e 3 6 2  

wound heali ng (Sal es- Ca mpos et al. 2013). 3 6 3  

 3 6 4  

3. 5 Characterisati on of pumpki n seed and oil seed cake fro m ultrasound- assisted extracti on 3 6 5  

Pr ot ei n, fat, crude fibre and moist ure of pumpki ng seed were: 317. 2 g. kg- 1, 154. 9 g. kg- 1, 203. 1 g. kg- 1 and 7g. kg-3 6 6  

1, respecti vel y (see Tabl e 6). The oil cont ent was l ower compared t o t he val ues report ed by ot her aut hors; t his 3 6 7  

coul d be due t o seed characteristics and harvest conditi ons ( Rodrí guez- Mi randa et al. 2014). The t ot al fi bre 3 6 8  

cont ent was slightl y i nferi or (203. 1 g. kg- 1) when compared to Curcubit a pepo variet y report ed by Nya m et al. 3 6 9  

(2013) (314. 8 g. kg- 1), whi ch can be a good source of di etary fi bre for food producti on. When compari ng t he 3 7 0  

prot ei n cont ent, it is found t o be hi gher (317 g. kg- 1) compared t o Curcubit a pepo variety report ed by Al – 3 7 1  

Khalifa (1996) (265 g/ kg) but lower compared wit h t he results report ed by Alfawaz (2004) and Rezi g et al. 3 7 2  

(2012) (392. 2 g. kg- 1 and 339.2 g. kg- 1 respecti vel y). Pu mpkin seeds coul d be a pot ential source for prot ei n 3 7 3  

fortification ( At uonwu ert al. 2010).  3 7 4  

 3 7 5  

Tabl e 6. Proxi mal composition of pumpki n seeds ( Cucurbita mochat a) (g. Kg- 1, dry basis) 3 7 6  
Co mponent  

 

 

  

Curcubit a 

mochat a 1 

Curcubit a 

pepo2  

 

Curcubit a 

pepo 3 

 

Curcubit a 

mochat a 4 

 

Curcubit a 

máxi ma 5 

 

Curcubit a 

máxi ma 6 

 

Pr ot ei n  

 

 

317. 2 ± 0. 13 354. 9 265 240 392. 2 339. 2 

Fat  154. 9 ± 0. 22 491. 9 370 430 436 315. 7 

Cr ude Fi ber  203. 1 ± 0. 12 23 30 60 21. 3 219. 7 

Hu mi dit y  

 

Dr y matt er   

7 ± 0. 15 

 

93 ± 0. 16 

_ 

 

_ 

_ 

 

_ 

_ 

 

_ 

_ 

 

_ 

8. 3 

 

91. 7 

 1In t his st udy; 2 Rodri guez – Mi randa et al (2010);  Al Khalifa (1996)3, 4; 5 Alfawaz (2004); 6 Rezi g et al (2012). 3 7 7  
 3 7 8  



Si gnificant differences were found bet ween t he different pumpki n oilcake sa mpl es (P ≤ 0. 05) (See Tabl e 7). 3 7 9  

The prot ei n, fat and crude fi bre cont ent of UEA was si gnificantl y hi gher (261. 2 ± 0. 13 g. kg-1, 16. 09 ± 0. 16 g. kg-3 8 0  

1, 284. 4 ± 0. 16 g. kg- 1) when ethanol was used as a sol vent than when hexane was used for extracti on (38. 14 ± 3 8 1  

0. 14 g. kg- 1, 21. 7 ± 0. 14 g. kg- 1, 21. 6 ± 0. 12 g. kg- 1) and was higher compared t o peanut, rapeseed and cott onseed 3 8 2  

cakes ( At uonwu et al. 2010). The hi gh protei n concentrati on i n t he oilseed cake coul d be related t o t he hi gh 3 8 3  

et hanol concentrati on, whi ch led t o greater denat urati on of the protei ns duri ng extracti on (Ji a et al. 2023). The 3 8 4  

hi gh t ot al fibre cont ent, incl uding, he mi cell ul ose, pecti n and ligni n, can be re moved t hanks to the hi gh pol arit y 3 8 5  

and l ow boiling poi nt (78 ° C).  3 8 6  

 3 8 7  

 3 8 8  

 3 8 9  

 3 9 0  

 3 9 1  

Tabl e 7. Characterisati on of pu mpki n oilseed cake from ultrasound-assisted extracti on (g.Kg- 1, dry basis) 3 9 2  

( TUE): Oilseed cake ultrasonic-assisted treat ment wit h et hanol as a sol vent, (TUH): Oilseed cake ultrasoni c-3 9 3  
assisted treat ment wit h hexane as a sol vent. 3 9 4  
 3 9 5  

In fact, et hanol is recognised as a green sol vent for extracting cell ul osi c bi omass ( Li u et al. 2022). Accor di ng 3 9 6  

t o the reports of Chen et al (2013), mai ze seeds are t he mai n source of protei ns and mi nerals ( mai nl y 3 9 7  

phosphorus) in the producti on of ani mal feed, t he mi neral cont ent bei ng t he most i mportant fact or for opti mal 3 9 8  

ani mal growt h. Therefore, and based on t he results obt ai ned ( Tabl e 5), the use of soli d pumpki n seed resi dues 3 9 9  

as a substitut e for mai ze seeds in the producti on of feed (t hanks t o t he hi gh dry matter content) coul d probabl y 4 0 0  

be a val uabl e alternati ve.  4 0 1  

 4 0 2  

4. Concl usi ons 4 0 3  

This st udy has de monstrat ed the benefits of usi ng ultrasound as an ai d in the extracti on of pumpki n seed oil. It 4 0 4  

was found t hat t he variable amplit ude and te mperat ure st udi ed i n t he opti misati on of assisted extracti on are 4 0 5  

i mport ant para met ers for the extracti on perfor mance of the oil cont ai ned i n t he seeds. Li kewi se, t here were no 4 0 6  

Co mponent  

 

 

  

Curcubit a  mochat a  

(TUE)  

Curcubit a mochat a 
(TUH)  

Pr ot ei n 

 

 

261. 2 ± 0. 13a  38. 14 ± 0. 14b 

Fat  16. 09 ± 0. 16a  21. 7 ± 0. 14b 

Cr ude fi ber  

 

284. 4 ± 0. 16a  21. 6 ± 0. 12b 

Dr y matt er 78 ± 0. 13a  81. 6 ± 0. 13b 



differences i n t he use of the two t ypes of sol vents in t he extracti on, so t he use of et hanol woul d be a vi abl e 4 0 7  

alternati ve t o replace t he use of hexane, as it is a rene wabl e and safe sol vent for food and phar maceutical 4 0 8  

purposes. Pu mpki n seeds are an i mportant source of unsaturat ed fatt y aci ds (around 80%) and also cont ai n 4 0 9  

t ocopherols, maki ng t he m an attracti ve ingredi ent for food for mul ati on.  The ultrasoni c probe are the most 4 1 0  

co mmonl y used devi ces for UAE.  Alt hough have t heir li mitati ons and strengt hs (require opti mi sati on, possi bl e 4 1 1  

negati ve pressure cavitation) the use of probe syst e ms is i ncreasi ng as they all ow t he optimi sati on of the mai n 4 1 2  

vari ables for extracti on, so t hat extracti on can be opti mised accordi ng t o t he matri x and t he anal yte of int erest. 4 1 3  

In additi on, t his techni que has a low environ ment al i mpact. The use of UAE is therefore suitable for t he 4 1 4  

devel op ment of more efficient and sust ai nabl e processes that meet bot h t he current de mand for oil extracti on 4 1 5  

and environ ment al awareness.  4 1 6  

 4 1 7  
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