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Abstract

Pu pki n seed ail (Qurcubitamochata) consists nainly of unsat urated fatty aci ds such as oleic acid and linoleic
acid Bxraction of punpkinseed oil while retainingits high nutritional qualityis a challenge, as conventional
sl vents are nat suitable for the extraction. Inthis study, the paraneters of utrasound-assisted extraction ( UAE)
of punpkin seed all were optinmi sed using ethanol and hexane as sd vents and conparedto t wo convertionally
used extraction techni ques (Soxhlet and the High and Dyer). An experi nental design wth a response surface
and at wo-level 22 factorial approach vith 5replicates a the central point for t wo s vents (et hanol and hexane)
was perfor ned. 2 variables wereinvestigated (% anplitude andtenperature (°Q. The opti mal conditions for
extraction wth hexane and ethanol were: 44 48%and 69 25 %anplitude, 69 19°Cand 50°G wth a yield of
25.054 %and 25.01 % respectivel y. Acoefficient of variation of less than 5% was obtai ned, indicating that the
predicted perfor mance is quite honogeneous conparedtothe validated perfor nance. The anal ysis of the fatty
acid profile of the punpkin seed al revealed a significant content of unsaturated fatty acids (80 % consisting
of deicacidandlindeic acid), wth significant dfferences bet ween conditions and extraction nethods. The
conparison anmong the nethods showedthat UAE was a nore efficdent nethod with asignificant concentration

of deicacidandlindeic acid for a possible futher eco-friend y technol ogy.

Keywords: CGentral Gonposite Rotatable Design (CCRD), Soxhlet extraction (SE), Bigh and Dyer method
(BD), deicacid lindeic acid tocopherds.
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1 Introduction

The punpkin belongs tothe genus Qurcubita a vegetable fromthe gourd fanily (Qucurbitaceae) native to
Anerica. The nost common punpkin species are Qurcubita maxi na, Qucurbita pepo and Curcubita noschata
(Kukeera et a. 2015). According tothe FAQ doba production in 2013 was 25 nillion tonnes/year, 100
thousand tonnes/year a national level and 9 500tonnes in Valle del Gauca ( Agronet, 2006) .

The punpkin (Qucurbitasp) is afruit of mass consunptionin Col onbia and aroundthe world In general, the
product oktained is destined for the national narket for fresh consunption and the peel and seeds, which
represent approxi nately bet ween 15 %and 6% of the weight respectively, are largely regarded as agro-
industrial waste ( Lenus- Mondaca et a. 2019). Processingis li mitedtothe use of the pumpkin pulp wthout
taking ino accourt the seeds. On the ather side the seeds, whose consunptionisincreasingin nany African
courtry, can be a source of i nportart ingredierts that are oftenlackinginthe det of nany rual commnunities
and which, after roasting and salting, are eaten drectly as snacks and also used as a food additives ( Dotto and
Chacha, 2020). Several studies have reported onthe patertial of these by-products (Adans et a. 2012, Zhang
2004; Zhang et a. 2004). In punpkin seed ail, unsaturated faty acids such as deic acid and lindeic acid
predomnate wth 60 %and 90 %respectively (B kani et a. 2016). Thanks totheir nelting point, they offer
hi gh oxi dative stahility for industrial and storage purposes and low production of free radicals inthe hunan
diet. They also contain a non-fatty phase (tocopherds), which possesses an artioxidant effect that can be
expl oitedinthe for mul ation of food and phar nmaceutical products (Rezig et d. 2012). Punpkin seed ail is used
as anedible alincountries such as ovenia, Austria and Hingary, Aricaandthe Mdde East (Afawaz et a.
2004). Among the nany benefits of its use are: reduced prostate grovih, reduced bl ood cholesterd levels,
contrd of urethral pressure and bladder function pronotion of hyperdycae mc activity and thus helpinthe
prevention of diabetes andis ani nportant source of vitamin E (Sevenson et d. 2007). For dl these reasons, it
is consi dered a pronising food product and its patentia continues to grow However, its patertial use as a food
ingredient requires funrther research.

Generaly, the al is extracted with sd vents, achieving a yield of about 98 %( Kukeera et. Al. 2015). (ne of the
mai n extraction nethods currently usedis che nmical sdvent extraction (Li et al. 2011), but this usually requires
a hightenperature and a long period of ti ne as well as significantly high operating costs to extract the ails.
Hexane is one of the nmost commonly used sd vents due toits lowcost and high affinityto the al natrix On
the aher hand, several aher sdvents have also been used for extraction including acetone, ethanol and
isopropanol (Qivieraet a. 2013).

Among alternative techniques, utrasound-assisted extraction (UAE) is an innovative technique that is
consi dered a “eco-friend ytechnol ogy” and has gai nedinterest inrecent years duetoits outstandi ng advantages
conparedto conventional techni ques. These include the use of snall anounts of sd vert, short extracti onti ne,
lowinstrunental require nents and lowecononic and environnental i npact (Dang et a. 2017, Rahi m et 4.
2016; \Azquez- Rodriguez et al. 2020). UAE is used for the extraction of hioactive compounds from food
matrices and has recently been irntroduced for ol extraction fromseeds. The use of utrasound has advantages
thanks tothe cavitation phenomenon, that increases mnass transfer fromsadvent to sd ue resutingin higher

yields, lower extraction ti ne and tenperature, and lower sdvernt voune requirenents (Lou et a. 2010
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A nmenta et a. 2013). Athough UAE enables higher ail extraction it also leads to oxidation of the al, dl
conponents and quality changes due to cavitaion effects (Tavares et a. 2017). This technol ogy has already
been successfuly used for the extraction of hioactive conpounds. However, there are only a fewstudies on ail
extraction fromseeds using UAE ( M et a. 2019).

The a mof the present study was to opti nize the paraneters of UAE for the extraction of punpkin seed ail
(Qurcubita nochata) when ethanol and hexane are used as sd verts, to conpare themwth t wo conventionally
used extraction techni ques (Soxhlet and the Bigh and Dyer met hod) andto characterize the spent al cake.

2 Miterids and nethods

2.1 Characterisation of the seeds

The punpkin seeds of the Bolo \erde variety were obtained from nateria colected during a harvest ( Mirch
to April 2023) inthe nunicipality of Restrepo (\alle del CGauca- Col onbia) a an atitude of 1, 400 netres above
sea level. The seeds were nanually separated fromthe fruit and punpkin seed clean were hat water banched
ina water bath & 60 °Cfor 10 min The Hanched seeds were quickly cooled wth cod water to stop the
bl anchi ng process after whichthey werethen driedin a convection oven (I KA LABORTECHN K STAUFEN
Ger many) for 24 hours & 45+ 3 °G as reported by Rodriguez — Mranda et d (2014). The dried seeds were
ground (DO da Contrd, Golonbia) and sievedto obtain aspecific partide size of 059 mm(Kukeera et a. 2015,
Barizdo et a. 2015).

2.2 Characterisation of the solid natters after ail extraction

The noisture and ash content of bath the pul verised seed sanples and the sdid natter resuting after al
extraction (punpkin dilseed cake) were deter mined using nethods 925.09 and 923 03 ( AOAC), crude pratein
content (1SO1781), AOAC fat 922 06 and AOAC dietary fiber 985 29 respecti vel y.

2.3 Bxtraction of punpki nseed ail

2.3 1 Soxhlet extraction

Soxhlet extraction was performed accordingtothe nethod described by Barizdo et a. (2015) and Kukeera et
al. (2015). Ten grans (10g) of a sanple of punpkinseed flour was extracted wth 150 L of sd vent (n-hexane
and ethanol) for 3hina Soxhlet apparatus. The experi nents were carried out intriplicate (n=3).

2.32 Bdraction by Bigh and Dyer

The nethod of Bigh & Dyer (1959), to which Barizdo et a. (2015), was used to quartify the al in punpkin
seeds. Asanple of punpkinflour (10 g) was mixed with a met hanol —chl orof or msol wionina 2 1 ratio (20 mL
— 10m) for three minutes, then a chlorofor m-water so wion (10mL: 20mL) was added, and nixed for 30
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seconds. Phase separation was observed: The supernatant consisted of the chlorofor m-fa nixture and the
met hanol —water precipitate. The mixt ure was then cooled for 24 hours toinduce the separation

Al procedures were perfor med intriplicate (n=3). Ater extraction was conpleted the sovents were re noved
under reduced pressure using a ratary evaporator (I KA RV8, USA. The flask was then placed in a desiccat or
charber for 1 hour torenove the renaining sd vent and stored at 5°Cand arelative hunidity of 85%

2 33 Utrasound-assisted extracti on (UAE)

The extraction was perfor med according to the nethod described by Barizdo e a. (2015 wth some
modifications. Before extraction, the nost sutable seed/sdvent ratio was deter mined Samples wth different
concerntrations (ratio /10, /20, /30 wv for the t wo sdvents ethanol and hexane) were placed on a heating
plate wthstirring BExtractionwas perfor med wth a sonicator (Branson, Dgital Sonifer, Model 450 USA at a
frequency of 60 H using a sonatrode of 5 mm diameter in a jacketed dass (Fgure 1). The extraction
tenperature was corntrdled using arecirculaing bath (Pdl yscience, ADL5R-30). The extractions were carried
out for 20 nminutes and the seed/sd vert ratio select was equal to 1: 10. The ail extraction reached about 225 +
0.5%at aratio of 130 escalatingto about 23 % when the ratio was increasedto 1 10 for both sd vents (F gure
1S This raio was considered the opti mum val ue as it is frequently used inthe literature. A the end of the
extraction the separation of the sd vent fromthe sanple was carried out by using afiltration system To obtain

the ail, the sd vent was then evaporated under vacuumby using aratary evaporator.

Figure 1L Systemfor utrasonic assisted extraction a Control panel; b Sonctrode; ¢ Gass beaker; d Cooling
water drculaion e Cooling equi pnent.
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2.4 BExperi nental design

Response Surface Mthodology (RSN and Gentrd omposite Rotatable Design (OCRD)

To find the best conditions for utrasonic extraction wth two different sdvents (hexane and ethanal), the
response surface nethodol ogy (RSN and a central conposite ratatabl e design (CCRD were used The factors
eval uated were X (tenperature °Q, % (%anplitude) and the response variable was Y (% yields). The t wo
factars were coded into 5levels —o (-1 41421), —1, 0, +1 and +o( +1 41421). Twenty-one experi nents were
conducted i ncl udi ng repetitions a the central pant (Table 1).

Table 1 Factors, coding and val ues used for the experiments.

Fact or Levd s coded
-141421 -1 0 +1 + 1 41421
Tenperaue(°Q % 25.85 30 40 50 54.14
Anplitude (% % 317 40 60 80 88.28

The experi nental data were fitted accordingtothe second-order polynomal nodel (Eg 1) and the regression
coefficents were deter mned

Eqg 1

where £, A, % A2 fuaand (2 are the regression coefficents (/4 is a constart term A and & are linear effect
terns, P2 and [z are quadratic effect ter ng of the model); Xu and % are factors; € corresponds to the nodel
error; and it isthe response variable. The statistical anal ysis of the nodel, the lack of fit and the regression was
assessed using ANOVA anal ysis of variance. The quality of fit of the polynomal nodel was assessed usingthe
coeffident of deter mination R and adequacy by the test for lack of fit. Al experi nental data were anal ysed
usingthe Design Expert tria version 11 0 program

The opti mal results were conpared wththe Soxhlet extraction andthe Bigh and Dyer as a contrd.

2.5 Characterisation of the seed all
251 Yeld
For each extraction the yieldwas calcu ated usingthe fdlowi ng equation:
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252 Deter mination of the acidty

Aci dity deter nination was perfor med accordingtothe nethodol ogy describedin AOAC (1995). Fve grans of
oil vere nixed wth 50 mL of acohol. Three drops of phenol phthalein were added and without stopping the
stirring, the base (KOH was added dropwise until a persistent pink col our appeared for 30 seconds.

253 Refractive index
The refractive index was deterni ned accordingtothe nethodol ogy describedin AOAC (1995), wing a dgital
Rei chert refractoneter (AR200, USA) a atenperature of 20 °C with a drop of al onthe lens.

254 Fatty acid profile

The fatty acid profile was analysed by extraction and quartification of their nethyl esters using gas
chromat ography wth aflane ionisation detector (GG H D accordingtothe SO 5509-2000 (E) standard The
37-conponent FAME nix (AccuStandard Inc., Mrket Sreet, New Haven CT 06513) was used as a certified
reference standard The chromat ographic anal ysis of the sampl e was carried out in a gas chronatograph (GO
AT 6890N( Agilent Technol ogies, Palo Ata Gilifarnia, USA) with aflane ionisation detector (H D.

255 \Mtanin E

Detection of (o, v, d)-tocopherd inthe punpkin seed ail sanples was carried out by high perfor nance liquid
chromat ography wth d ode array detector (HPLCO/ DAD). The nethod was standardisedinthe chromnat ography
laboratory of the Bonolecue Research Centre (A B MOL) of the Faculty of Chemstry of the Industrial
Uni versity of Santander- Colombia. The vitamns o-tocopherd (part no 25802-4 Sigma- Adrich), y -
tocopherd (part no T1782 Sigma- Adrich), &tocopherd (part no T2028 dgma- Adrich) were used as
reference naterial. Adrich). The analysis was performed in an Agilent Technoliges 1200 Series liquid
chromatograph (LQ (Palo Ato, Glifarniag, WSA), 250 mmx 46 mm(i.d) x50 pum(particle size).

2.6 Data Analysis
Al analyses were perfor ned intriplicate and expressed as mean £ SD Al data were subjected to one- way

ANOVA for nean conparisons, standard deviation (SD and significant dfferences were cal cu ated accordi ng
to Tukey HSD post-hoc test. The reliability of the fit of the polynoma nodel was eval uated through the
coeffidient of deter mination R and its adequacy uilizing the lack of fit test. The results were anal yzed using
the Design Expert 11 Otrial version (Sat- Ease, Minneapolis, MN USA) and SAS 9 4®soft vare (USA.

3. Resuts and discussion

3.1 Qpti nazation of extraction paraneters

Experi nental designand yield extraction ( %Y) for the pumpkin seed ail using ethano and hexane as sd vents
are shown in Table 2 The vield ranged bet ween 21 7%- 24.9% when ethanol was used and bet ween 19 9 %-
24.9%for hexane. ANOVA analysis of variance with Duncan test (95% confidence level) and regression



212 anal ysis using a response surface nodel were perfor ned for each of the extractions to deter mine the best
213 perfor nance for each sd vert.
214

215 Table 2 Central Conposite Rotatable Design (CCRD) of two factors infive levels and experi mental val ue
216 and yield for convertional nethods.

217
Utrasound Assisted Extraction (UAE)
N> Q der Variable 1 Variahle 2 X X Yield(%
tenperature(°Q (%
anplitude) YE % YH%
1 30 40 -1 -1 223 231
1 30 40 -1 -1 222 22.9
2 30 80 -1 1 239 24.1
2 30 80 -1 1 237 24.2
3 50 40 1 -1 233 235
3 50 40 1 -1 238 233
4 50 80 1 1 24.8 255
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 40 317 0 -141421 235 236
7 40 317 0 -141421 235 236
8 40 8828 0 +1. 41421 24.6 24.7
8 40 8828 0 +1. 41421 24.6 24.7
9 25.85 60 -141421 0 239 24.2
9 25.85 60 -141421 0 239 24.2
SoxH et Extraction
1 15.99+1. 6 27.73+03
Bigh and Dyer Mthod

1 58+06

218 Xi: Temperaue(°Q; %: %anpitude YE % Ydd vithethand; YH %Y dd vith hexane

219

220 The experi mental data were fitted to the second order poynonial nodel and the regression of the obtai ned
221 equation was anal ysed by ANOVA (Tables 2 and 3), wth statistically si gnificant results (P <0 05).

222

223

224



225 Table 3 Analysis of variance (ANOVA) of the factors.

Factors Sumof squares Degrees of Mean square F val ue P val ue
freedom
Et hanol
Model 1112 5 222 1253 < 00001
X -tenperature 354 1 354 19.97 0.0005
X —anplitude 4.85 1 4.85 27.35 0.0001
101 1 101 01761 0.00154
2 46 1 246 570 0.0305
Resi dual 266 15 0.1774
Lack of fit 0.89 3 0.7128 1386 01624
Pure error 0.5230 12 0.0436
Total 1378 20
Hexane
Model 1022 5 204 16.27 < 00001
X - tenperature 136 1 136 10.82 0.0050
X —anplitude 589 1 589 46.93 0.0001
06712 1 0.6712 398 0.0354
238 1 238 534 0.0006
Resi dual 188 15 0.1256 18.94
Lack of fit 0.82 3 0.5873 57.77 0.1524
Pure error 0.1220 12 0.0102
Total 12 10 20

226
227 In addition, the values of the coefficdent of deter nination indicate reliahility, as the degree of explained

228 variance is bet ween 95 and 96 % Mbreover, the lack of fit was nat significant (P < Q05), indicating that the
229 equations obtai ned are adequate for predictive purposes. Accordingtothe resutsin Table 3, the linear ter ns of
230 tenperature, anplitude (X, X) and quadratic anplitude (X2) for each extraction (ethanol and hexane as
231 sd vents) were significant (P <Q05). The quadratic equation after excl uding significant terns, is shownin Eq
232 4 and 5

233

234
235

N NN
w ww
O oo

240
241 The exposure ti ne and the ratio bet ween sd vent/ sanple ratio were fixed variables inthis experi ment. The

2472 effect of utrasound exposure ti ne onthe yield was previously eval uated and shown on Fgure 1S \Arious
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tines (10, 20, 30 and 40 mn) was exanined while cther extraction variable were kept as fdlows: ratio of
sa vent/sanpl e (see section 23, 3). The yieldincreased rapi dlyfor i ncreasi ng utrasound exposure ti nes rangi ng
from10to 20 mn Thereafter, however, it reached a plateau, to avoid energy consunption and reduce the
extractionti ng, 20 nin was selected as the opti mum ultrasound exposure ti ne for al production Inthe same
trends, the al extraction reached about 225 + 0 5%at aratio of 130 escalating to about 23 % when the ratio
was increasedto 1:10. for bath sdvents 20 ninutes and ratio 1: 10 are considered the opti mum val ue as it is
frequently used inthe literat ure.

This phenonenon can occur intwo phases: a first phase in which the sdvent penetrates the cell structure,
fdlowed by a second phase consisting of external dffusion through the poros structure, which takes place
during the first 20 minutes of exposure (Rodriguez — Mranda et al. 2014).

Figure 2illustrate the correlation bet ween the 2 independent variables and the response variable (%Y). The
three-di nensional response surface graph indicates athe quadratic relationship bet ween the anplitude and the
tenperature for bath sdvents. Wen the response variable was increased to 80 %anplitude and 50 °G the
yield reached about 24.83 %= Q.05 and 25.3 = 0.15 of the yield (hexane and ethandl), then a slight decrease
was observed whenthe anplitude reached 40 % Withincreasingtenperature, the yield asoincreases (directly
proportional) up to approxi mate power values of 25% This phenomenon is largely due to the fact that the
increase intenperature pronotes the i nprove nent of nass transfer wth a greater sd ubility of the ail and the
decrease inthe viscosity of the sd vent (Rodriguez — Niranda et a. 2014; Barizdo et a. 2015).

a b

Yield (%)
Yield (%)

8: Amplitude (%)

Fgure 2 Three-d nensional response surface, yield (% as a function of Amplitude (% and
Te nperature (°Q, wth hexane (a) and B hanal (b) extraction respecteMy.
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The data were anal ysed usingthe Design Expert programne by derivingthe nodelsto deter nine the conditions
that nmaxi mse the extraction yield of punpkin seed ail for each sd vert (see Table 4).

Table 4 Experi nental and predicted resuts by the equation models for opti mu mcondition.

% CV
Sol vents Opti nal condition Pred cted Actual
Anplitude (% Te nperature (°Q
15
He xane 44. 48 6919 25.05 24.5
B hanol 50 69.25 25.03 24.3 25

The soft ware deter nined the best experi nental conditions (point inthe experi nental design at which the
hi ghest perfor mance is achieved) and the opti nal conditions (input val ues a whichthe perfor nance variableis
maxi nmsed). The opti nal conditions predicted by the nodel were a yield of 2505 and 25.03 ¢/ g using 44. 48
and 50%of anplitude and atemperature of 69 19 and 69 25°C for hexane and ethanol, respectively. The result
agrees wththat of Barizao et al. (2015), who report that the extraction of ponegranate seed ol (28%yield) in
thisstudyissi mlartoour experi nental opti mum(closeto 25%in our experi nents) and a higher yiel d conpared
tothe study reported by Gasparin et a. (2023) for the extraction of apple seed al (17 %yield) wth UAE Qher
authors succeeded in reducing the extraction ti ne and tenperature (45°C and 15 ninutes). The extraction
effidency for these conditions was 87.56 % for the extraction of backberry seed al ( Mtei et a. 2023). A
coeffident of variation of 25and 1 5 %respecteMy was observed under these conditions, indicating that the
oil yield predicted bythe nodel is quite honpgeneous wthrespect tothe experi nental val ues. The results show
that the proposed nethod has a good correl aion bet weenthe experi mental and predicted values, vithlowval ues
for the standard deviation and the coefficients of variation indicatingthat our response nodel can be used for

esti matingthe al yield of pumpki n seed ail.

Fnally, the yield of the Soxhlet extraction showed an average val ue of 15 99+1 96 %wthethand and 27. 7+0. 3
% wth hexane, while the yield of the High&Dyer nethod was only about 6 16+0.35 % Thus, the UAE
i nprovedthe ahility of ethanol toextract al (fromabout 15 99to 24.03), while slightlyreducingthat of hexane
(27.7t024.5). The al yields of UAE obtainedinthe present study were si nilar tothe results reported by Shah
et d. (2013) and Slva et d. (2017): 2604 %and 30. 39 % respectively, when eval uating the efficiency of UAE
of radish seed al wing nethyl acetate as a sdvent. Inthis study, the high yield of punpink seed al obtained
in UEA with ethanol was atributed tothe fact that ethanol can extract ather conponents such as sugars and
phosphalipids conparedto hexane (Batinter et a., 2016). Inthis context, ethanal is considered a green sol vent
with great potertial as a substitute for n-hexane. Its advantages include lowtoxcity, operational safety, high
purity and biodegradahility, factors that characterise it as a GRAS (generally recognised as safe) sdvent
(Bulano et a. 2015).
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34 Ols Characterisation

The characterisation of the oils is shown in Table 5 The oils were characterized by a col our ranging from
intense red to light red wthout sedi nent. The acidty index was high and there were no signs of acid
degradation or rancidty, wthout significant dfferences between sanples (P > 005 for acidity index in al
sanples. 9 nilarly, Younis et al. (2000) reported an acidtyindex of 2 88 ny KOH g for punpkin seeds of the
Curcubita pepo variety. These results asoindicate that the al obtained fromthe C Mchata requires less
refining conparedto aher varieties: G Kabocha and Butternut 3 35and 3 74 ng KOH g respectivel y ( Kukeera
et a. 2015), whichrequires apurification process torenove free fatty acids.

There are no significant differences inthe refractiveindi ces of the dfferent punpkinseed adil extraction net hods
(P >0Q05), indicatingthat the refracti ve index does na depend onthe type of extraction All refractive indices
aresi nmlartoeach aher 148 (BYD), 146 (SH, 148 (SB), 146 (UH and 147 (UE), respectively. The resuts
obtained inthis experi nent are dose tothose obtained by anather author for cattonseed ail (1 464) and soya
bean ail (1474) (Afawaz 2004).

Table 5 Proxi mal conposition of punpkinseeds (CQucurbita mochata) al.

Anal ysis BYD SH SE UH UE
Acidvalue ng| 287002 279+008 283+00r 27x0C 290
KOH g

Refractiveindex | .48 +0012 146+0012 148+001* 146+0C 147 £0 0717

a — Tocoferad <01 42 2+ 136.7 437 <01
vy — Tocoferd | 8L0+05 1288+02 1665+12 74002 1004 £05
& - Tocoferd | 57.3+02 422 +01 116.8+£02 73301 619+08
Total 1383 2132 420 191 163.3
Note: Lowercase lettersindicate significant differences bet ween net hods (P<0. 05) accordingto Tukey s test results. Coding of the sanples:
BYD (extraction accordingto Bigh and Dyer nethod), SH(Soxhlet —hexane extraction), SE (Soxhlet —ethanal extraction), UH (hexane-

ultrasound extraction opti mal condition), UE (ethand-utrasound extraction, opti nal condition).

Tocopherds pay a decisive role in plant naterials agai nst the oxi dative degradation of unsaturated fatty acids
(Rezig et d. 2012). The cortent of tocopherds in Qurcubita nochata punpkin seed ail is reported as o—
tocopherd, y-tocopherol and 6-tocopherd in Table 5 It was found that armong the different punpkin seed all
sanples, the contert of y-tocopherd was the hi ghest, fdlowed by &-t ocopherd and finall y ot ocopherd. These
results are of great i nportance because, accordingto Fatnassi e a (2009), y-tocopherd has a high antiox dant
activity. Indeed the tatal cortent of tocopherds inthe different ail sanples was si nilar to ather cutivars C
maxi e var. Bejaoui (418 ng/100 g ail) and highinrelaionto C pepo L (8065 ngy/ 100 g al) (Rezig et al.
2012). The seed ail obtained by the Soxhlet nethod using ethanol as sdverts showed the highest content of
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tocopherds (420 my 100 g) conpared tothe use of hexane (120 ngy 100g) and conpared tothe use of UAE
with either sdvernts (191 and 163 ng/ 100 g respectivel y).

The fatty acids composition is shown in Figure 3. Four fatty acids were most abundant in the different sampl es
of pumpkin seed oil: two unsaturated fatty acids (oleicacid, linoleic acid) and two saturated fatty acids (palnitic
acid, stearic acid). Significant differences between the different pumpkin seed oil sanpl es were observed (P <
0.05). The concentrations of palmitic acid varied between 15% - 17% stearic acid between 8% - 9% oleic acid
between 20% - 22% and linol eic acid between 49% - 50% in the sampl es anal ysed. The presence of unsaturated
fatty acids was prevalent in all sampl es (more than 70%9 conpared to saturated ones. In general, we found that

when using traditional methods (Soxhlet and Bligh and Dyer) with long extraction time, the fatty acid profile

is reduced compared to using UAE with both sol verts, suggesting that the met hod and time of sol vent extraction

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

breaks up the cells by mechanical vibration and cavitation, accelerates the diffusion of the extract in the sol vent,

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

treatment had not initi ated peroxidation processes (Matei et al. 2023).
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Fgure 3 Fatty acid profile for punpkin seed ails obtained with different extraction nethods. Coding of the
sanples: BYD (extraction by Bligh and Dyer nethod), SH(Soxhl et —hexane extracti on), SE ( Soxhl et —et hanol
extraction), UH (hexane extraction wth utrasound, optinmal condition), UE (ethanol extraction wth

ultrasound, opti mal condition). Lowercase letters indicate significant differences bet ween nethods (P<0. 05)
accordingto Tukey stest results.
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These results are si nilar tothose of Reziget a. (20129), wherethe highest proportion of unsaturated fatty aci ds
(789 was found The concentraion of pal nitic acidin dl sanples extracted wth utrasound and ethand as
sd vert showed the hi ghest values (P <0.05), while stearic acid was significantly hi gher (P <0.05) inail sanples
extracted wth dtrasound and hexane as sdvent. The same behaviour was observed for deic acid the
concentration of which was significantly hi gher inthe ol sampl es extracted wth UH(P <0. 05).

The high content of deic acid and lindeic acid should be enphasised These faty acids have considerable
nutritional val ue and a positive physid ogical effect inthe prevention of coronary heart dsease and sone studies
also suggest a positive effect in auta mmune and inflammatory diseases, in additiontotheir ahilityto pronote
wound healing (Sales- Ganpos & a. 2013).

3.5 Characterisation of punpki nseed and ail seed cake fro mutrasound-assisted extraction

Pratein fat, crude fibre and noisture of punpking seed were: 317.2 g kg?, 1549 g kg?, 203 1 g kg?! and 7g kg
1, respectivel y (see Table 6). The ail content was lower comparedtothe val ues reported by ather authors; this
could be due to seed characteristics and harvest conditions (Rodriguez- Niranda et a. 2014). The tatal fibre
content vas slightlyinferior (2031 g kg!) when conpared to Qurcubita pepo variety reported by Nyamet al.
(2013) (314.8 g kg1), which can be a good source of detary fibre for food production When conparing the
protein content, it is found to be higher (317 g kg?!) conpared to Qurcubita pepo variety reported by A —
Khalifa (1996) (265 g kg) but lower conmpared wth the results reported by Afawaz (2004) and Rezig et a.
(2012) (3922 gkg! and 339.2 g kg?! respectively). Punpkin seeds could be a patertial source for pratein
fortification ( Auonwu ert a. 2010).

Table 6 Proxi mal conposition of punpkinseeds (Qucurhita nochata) (g Kgl, dry basis)

Co mponent Curcubita Curcubita Curcubita Curcubita Curcubita Curcubita

mochata? pepo? pepo 3 mochata* maxi ma ® maxi ma °
Pratein 317.2+013 3549 265 240 3922 339.2
Fat 1549+022 4919 370 430 436 3157
Qrude H ber 2031+012 23 30 60 213 219.7
Hu i dity 7+015 B B B B 83
Dry matter 93 +£016 917

Hnthis study; 2 Rodriguez —Mranda et d (2010); A Khalifa (1996)%4 5> Afawaz (2004); SRezig et a (2012).
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Significant differences were found bet ween the different pumpkin oilcake sanples (P < 0.05) (See Table 7).
The pratein fat and crude fibre content of UEA was significantly higher (2612 +013 gkg?, 16 09 +0 16 g kg
1,284.4 £ 016 g kg?) when ethanol was used as a sd vernt than when hexane was used for extraction (38 14 *
0.14gkgl, 2L.7+014gkg?, 206 +£012 gkg?) and was higher conparedto peanut, rapeseed and catt onseed
cakes (Auonwu et a. 2010). The high pratein concertration inthe ailseed cake could be related tothe high
ethanol concentration whichledto greater denaturation of the prateins during extraction (Jia et a. 2023). The
hightaal fitre content, including hemcellu ose, pectinand lignin can be re moved thanks tothe high polarity
and lowboiling pairt (78 °Q.

Table 7. Characterisation of punpkin adlseed cake fromultrasound-assisted extraction (g Kg !, dry basis)

Co nponent Curcubita nochata Curcubita nochata
(T| (Tun

Pratein 2612 +013 3814 +014

Fat 16.09 £0 16 21701

Cr ude fi ber 284.4+016 2L6+0Q12

Dry matter 78 £ 013 816012

(TUE): Qlseed cake utrasonic-assistedtreat ment wth ethanol as asdvent, (TUH: Qlseed cake utrasonic-
assisted treat nent wth hexane as a sd vert.

In fact, ethand is recognised as a green sd vent for extracting cellu osic biomass (Liu et al. 2022). According
to the reports of Chen et a (2013), maize seeds are the nmain source of praeins and ninerals (nainly
phosphorus) inthe production of ani nal feed the nineral content beingthe nost i nportant factor for opti nal
ani mal ggovth Therefore, and based onthe results obtained (Table 5), the use of sdid pumpkin seed resi dues
as asubstitute for naize seeds inthe production of feed (thanks tothe high dry natter contert) could probably
be a val uabl e alternati ve.

4. Qoncl wsions
This study has denmonstrated the benefits of using utrasound as an aidinthe extraction of punpkinseed ail. It
was found that the variable anplitude and tenperature studied inthe opti msation of assisted extraction are

i nportant paraneters for the extraction perfor mance of the oil containedinthe seeds. Likewise, there were no
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differences inthe use of the two types of sdvents inthe extraction sothe use of ethanol would be a viable
alternative to replace the use of hexane, as it is a renewable and safe sdvent for food and phar maceutical
purposes. Punpkin seeds are an i nportant source of unsaturated fatty acids (around 80% and also contain
tocopherds, naking theman atractive ingredient for food for nulation The utrasonic probe are the nost
comnonl y used devices for UAE  Athough have their li nitations and strengths (require opti nisation possihble
negative pressure cavitation) the use of probe systens isincreasing as they all owthe optimi sation of the nain
variables for extraction sothat extraction can be opti nised accordngtothe matrix and the anal yte of interest.
In addition this technique has a low environnental i npact. The use of UAE is therefore sutable for the
developrent of nore effident and sustai nable processes that neet baththe current de mand for al extraction

and environnental awareness.
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