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Table 1:Treatments examined in extract tests
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Figl DPPH free radical inhibition rate of different concentrations of extract (100-400 ppm) and
synthetic antioxidant TBHQ (100 ppm)
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Fig 2 Iron reduction rate of different concentrations of extract (100-400 ppm) and synthetic
antioxidant TBHQ (100 ppm)
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Fig 3 The amount of decolorization of beta-carotene: linoleic acid of different concentrations of extract (100-
400 ppm) and synthetic antioxidant TBHQ (100 ppm)

58



VErE g es YT 0)03 N o lad Ol g plde mlo 5 psle alows

e glyls OF gls JpSUsm & Gl 558 Ll i o 2 SRS 5 Jss SLS S Ul Sle anglis
P S 51l eslizal b s ol 3 gdoe Solad Ol s Sl G Jlw i, L ol | Feal o jlae
Ul a3 s sl 5l of codad e o das e el el els OLES Y dsdr 3 Gl 2
I R O B W I b g, 3l Joolm oslas a4 bsy e Jgd LS 5 clale
Dl doual 5 5 S a5 [18] il s Joole S OS5 S e il w2 Gl G
5ol o 3l Jeol 530S gy splas 5 S 5 = Cosline cudad Cle w il gl D>

el o ol i Gl o 1St 65 0p S [28] ol slize s 0T 05 5 | Ul

Table 3 Amount of phenolic and carotenoid compounds of extracted extracts

Samples Total phenol total carotene
(mg GA/100 g E) (mg/100 g E)
SWE 213.6+5.87° 152 +£2.35°
SFE 353.5 + 8.84° 11.48+0.90°

(SWE: extract from subcritical water, SFE: extract from supercritical fluid)
St 2T Edl Ol ooslas 3 3550 LS S
olL&es 5 Abootalebian [20] <l IS 3 Ll o o las iloenST 5T sl ¥
S i ot W Roer S LB O TVD e s AT e 6,8 i b el
s ol sy las GMeST (Sleeslt 5 I8 & ST DPPH JISGsl, Slee Lo, 5l esbinn L

O35 Oatly Jolo e 0o s Dol ol SLS S 00 e s s el S s,k 0

Gl P2l e 3 Gl s Ol lae Jgd CBlE L el S iles ool a03 el
23 Al Spd ol 5l o Yl &S el 5 ol Ll ol sls ISty Sles Olie b oslas clale
Al e o Gy ol s Vel 5 el Bl il el S e oS o S
3 seop 0> (1) Obes 5 Rangsriwong  gonrade i s sbl bl s e G
Claglp VL bs s SUps LS5 Mie jals SLS 5 Ol Ll b &S Wwisls olzs (YY) Klava
st e Sl 0 e D Sl T S e s s S AT el s
S ol elae 5l (bl S| Sledls il 26 b lae S L e 15 DPPH
$SFE ojlae 5l iy Gl s Ol s Gl G b Il
(MIX) oS 5 oslas S sk 55 2les « SWE

L Y0 cJbs ppm g0 ckle s (SFE-SWE)

ol Bl w5 Ko Ol Kiass ol ol Jiash
SLS 5l L oelan sjlae glsl o1 cosls

[24,25] Ksses S 1, Jgd
Sl G5 v Sy 3l Jol olas il cBle s

03 i I Ol 2dls e a Sl 5 O 4 o

2l ol s I TBHQ (6 5me laenst ol 4 o

g5 ol Ol s (AL Sl dﬂ Clled amcs

59



9IS gy ) s I s DS 5 e OLan 5 bl w3131

m100 m200 ™300 400

MIX(SFE-SWE) TBHQ

= N W b U1 OO N 0 O
O O O O O O o o o

Free radical inhibition (%)DPPH
o

Fig 4 free radical inhibition rate of different DPPH concentrations of extract (100-400 ppm) and synthetic
antioxidant TBHQ (100 ppm)

Sl sl 5 Je ols s Ol s alasl s S Lasiie 5 Ussal 6,8 o3l ol 08 s
2l sy Slas) 5 ST 5T el ol bt gasl 5o 5,0 cpl &S

b oy OS5 35y [ 4 oS das 0 0L 555

B 100 = 200 = 300 =400

MIX(SFE-SWE) TBHQ

600
500
40

o

30

o

20

iron (pumol/g)
o

10

o

The regenerative power af
o

Fig 5 The amount of iron reduction power in different concentrations of extract (100-400 ppm) and synthetic
antioxidant TBHQ (100 ppm)

M 100 m200 ™300 =400
100

0 IIII IIII IIII I

SFE+SWE TBHQ

Fig 6 The amount of decolorization of beta-carotene: linoleic acid in different concentrations of extract (100-400
ppm) and synthetic antioxidant TBHQ (100 ppm)

caroten(%)
o o o

Decolorization of beta-
N
o

60



\i'i)ﬁ,@.f& Y 09> Ay AJ\A."-':

O|j_| &l.'\.b c‘w‘gf}\&d;u

5 s 555 gl sy Gl s T L gl A
SlS 5 gl sl Gl O b b 2l Sl )
Sl Lol 65 (Sten 2500 Jos 5 S5 53
SAI55 908 5 Jyd LS J Ol b s ojlae SlS]
Coolt Gls &S oS 5 ojlas cpizeen S odalin L]
Ll 3T ISty Dles o) am 53 i SlaeS| 3T
S A el S ol 5,k 0as K 5 ol
03,51 3 308 Cag 35 A1 la olas 4 o
S e s alsk S sl camil s il
e oy LS 5 ol 5 G555 5 Job OlS 5
OleeST 5T 8 s o OLES hags ol sls 4l .ol
OS5 055 Dl s a4 508 gy oS 5 oslae ab
Slp el SO Olse 4 il e (US55 ,18 5 g

Sy e slpe Sl S s gmae gl OllST BT

K ) eslizd

[1] Moshiry,A., Sari, A., & Aghajani, N.
2018. Optimizing the extraction conditions of the
acetone extract of Ajowan seed and its effect on
the stabilization of crude soybean oil. Quarterly
Journal of New Food Technologies, 5, 3, 469-
483.

[2] Esmaeilzadeh Kenari, R., Mehdipour,
S.Z., & Razavi, R.2017. Investigating the
changes of fatty acids and antioxidant properties
of kiwi peel extract in the stabilization of
sunflower oil during thermal conditions.
Quarterly Journal of Food Science and Industry.
68, 14, 125-135

[3] Caili, F., Huan, S., & Quanhong, L.
2006. A review on pharmacological activities
and utilization technologies of pumpkin. Plant
Foods for Human Nutrition, 61(2), 70-77.

[4] Kabir, F., Tow, W. W., Hamauzu, Y,
Katayama, S., Tanaka, S., & Nakamura, S. 2015.
Antioxidant and cytoprotective activities of
extracts prepared from fruit and vegetable wastes
and by-products. Food Chemistry, 167, 358-362.

61

S domi— &
39S Gy G558 5 I8 sslae tagh ol e
G5 Jdhw b mlal gla o) Sl eslinad L a5l
A sl g Gleuns ST L gl s Gl
calises gls Clale 55 o jlas SlanST gl Sls gas
5 A aeslis TBHQ (g 52 OlS| 5T L 5 (6,8 051l

Coolr s 4 oS5 glaeslas S e
ST 5T ol o SV 6lls b o jlias e s
plas 5o IS sk AnBls 1) g p 2a5e Shas A a0
oS5 obas Glas T el oLl gle )
O 51 3 et B3 Jlw 51 ool | ekt
Sl 3 2l Ghas ek sl 1S5 e las

o omamen 3l 0L | SISt T el o 5N

GLLO—O

[5] Ashwini Sopan, B., Vasantrao, D., &
Ajit, S. 2014. Total phenolic content and
antioxidant potential of cucurbita maxima
(pumpkin) powder. International Journal of
Pharmaceutical Sciences and Research, 5, 1903-
1907

[6] Bhat, M. A., & Anju, B. 2013. Study on
physico-chemical characteristics of pumpkin
blended cake. Journal of Food Processing and
Technology, 4(9).

[7] Ghaboos, S. H. H., Ardabili, S. M. S.,
Kashaninejad, M., Asadi, G., & Aalami, M.
2016. Combined infrared-vacuum drying of
pumpkin slices. Journal of food science and
technology, 53(5), 2380-2388.

[8] Aliakbarian, B., Fathi, A., Perego, P., &
Dehghani, F. 2012. Extraction of antioxidants
from winery wastes using subcritical water. The
Journal of Supercritical Fluids, 65, 18-24.

[9] Gelmez, N., Kincal, N. S., & Yener, M.
E. 2009. Optimization of supercritical carbon
dioxide extraction of antioxidants from roasted
wheat germ based on yield, total phenolic and
tocopherol contents, and antioxidant activities of



Q\)KA.A 3 fm‘ an’T

the extracts. The Journal of Supercritical Fluids,
48(3),217-224

[10]  Shitu, A., Izhar, S., & Tahir, T. 2015.
Sub-critical water as a green solvent for
production of valuable materials from
agricultural waste biomass: a review of recent
work. Global Journal of Environmental Science
and Management, 1(3), 255-264.

[11] Cuco, R. P., Cardozo-Filho, L., & da
Silva, C 2019. Simultaneous extraction of seed
oil and active compounds from peel of pumpkin
(Cucurbita maxima) using pressurized carbon
dioxide as solvent. The Journal of Supercritical
Fluids, 143, 8-15

[12] Setyorini, D., Aanisah, R., Machmudabh,
S., Winardi, S., Kanda, H., & Goto, M. 2018.
Extraction of Phytochemical Compounds from
Eucheuma cottonii and Gracilaria sp using
Supercritical CO, Followed by Subcritical
Water. Paper presented at the MATEC Web of
Conferences.

[13] Esmaeilzadeh Kenari, R., Mohsenzadeh,
F., Amiri, Z. R. J. F. s, & nutrition. 2014.
Antioxidant activity and total phenolic
compounds of Dezful sesame cake extracts
obtained by classical and ultrasound-assisted
extraction methods. 2(4), 426-435.

[14] Amarowicz, R., Pegg, R., Rahimi-
Moghaddam, P., Barl, B, & Weil, J. J. F. c. 2004.
Free-radical scavenging capacity and antioxidant
activity of selected plant species from the
Canadian prairies. 84(4), 551-562.

[15] Singh, J., Singh, V., Shukla, S., & Rai,
A. 2016. Phenolic Content and Antioxidant
Capacity of Selected Cucurbit Fruits Extracted
with Different Solvents. J Nutr Food Sci, 6(565),
2.

[16] Konrade, D., & Klava, D. 2017. Total
Content of Phenolics and Antioxidant Activity in
Crispbreads with Plant By-product addition.
Rural Sustainability Research, 38(333), 24-31.

[17] Kubola, J., & Siriamornpun, S. 2011.
Phytochemicals and antioxidant activity of
different fruit fractions (peel, pulp, aril and seed)
of Thai gac (Momordica cochinchinensis
Spreng). Food Chemistry, 127(3), 1138-1145.

62

[18]  Priecina, L., & Karklina, D. 2014.
Natural antioxidant changes in fresh and dried
spices and vegetables .Int J Biol Vet Agric Food
Eng, 8, 480-484.

[19]  Prado, J. M., Veggi, P. C., & Meireles,
M. A. A. 2014. Extraction methods for obtaining
carotenoids from vegetables-review. Current
Analytical Chemistry, 10(1), 29.

[20]  Agregén, R., Lorenzo, J. M., Munekata,
P. E., Dominguez, R., Carballo, J., & Franco, D.
2017. Assessment of the antioxidant activity of
Bifurcaria bifurcata aqueous extract on canola
oil. Effect of extract concentration on the
oxidation stability and volatile compound
generation during oil storage. Food research
international, 99, 1095- 1102.

[21]  Hiranvarachat, B., & Devahastin, S.
2014. Enhancement of microwave-assisted
extraction via intermittent radiation: Extraction
of carotenoids from carrot peels. Journal of Food
Engineering, 126, 17-26.

[22] Sarikurkcu, C., Tepe, B., Daferera, D.,
Polissiou, M., & Harmandar, M. 2008. Studies
on the antioxidant activity of the essential oil and
methanol extract of Marrubium globosum subsp.
globosum (lamiaceae) by three different
chemical assays. Bioresource Technology,
99(10), 4239-4246.

[23] Singh, R., Chidambara Murthy, K., &
Jayaprakasha, G. 2002. Studies on the
antioxidant activity of pomegranate (Punica
granatum) peel and seed extracts using in vitro
models. Journal of agricultural and food
chemistry, 50(1), 81-86.

[24] Sojak, M., Jaros, M., & Gtowacki, S.
2014. Analysis of giant pumpkin (Cucurbita
maxima) quality parameters in various
technologies of convective drying after long-
term storage. Drying Technology, 32(1), 106-
116.

[25]  Zargar, F. A., Kumar, S., Bhat, Z. F., &
Kumar, P. 2014. Effect of pumpkin on the quality
characteristics and storage quality of aerobically
packaged chicken sausages. SpringerPlus, 3(1),
39.

[26] Gallardo, G., Guida, L., Martinez, V.,
Loépez, M. C., Bernhardt, D., Blasco, R.
Hermida, L. G. J. F. R. 1 2013.

Microencapsulation of linseed oil by spray
drying for functional food application. 52(2),
473-482.



VEr 0 5 TY 0,55 O ol

Qlﬂl L;l"lb Gw‘gf}l&&u

[27]  Zepka, L. Q., & Mercadante, A. Z. 2009.
Degradation compounds of carotenoids formed
during heating of a simulated cashew apple juice.
Food Chemistry, 117(1), 28-34.

[28] Amorim-Carrilho, K., Cepeda, A.,
Fente, C., & Regal, P. 2014. Review of methods
for analysis of carotenoids. TrAC Trends in
Analytical Chemistry, 56, 49-73.

63



JFST No. 163, Vol. 22, September2025 ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Comparison of bioactive compounds extracted from pumpkin skin using supercritical

fluid and subcritical water methods

Azadeh Salami', Narmella Asefi’*, Reza Ismailzadeh Kenari®, Mehdi Gharekhani*

1. Ph.D. in Department of Food Science and Technology, Ta.C., Islamic Azad University, Tabriz,Iran.
2. Associate Professor, Department of Food Science and Technology, Ta.C., Islamic Azad University,

Tabriz, Iran.

3. Assistant Professor, Department of Food Science and Industry, Sari University of Agricultural Sciences

and Natural Resources, Mazandaran.

4.  Assistant Professor, Department of Food Science and Technology, Ta.C., Islamic Azad University,

Tabriz, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received:2022/10/24

Accepted:2023/6/26

Keywords:
Pumpkin,
subcritical water,
superecritical fluid,
canola oil,

antioxidant.

10.22034/FSCT.22.163.50.

*Corresponding Author E-

narmela@iau.ac.ir

One of the most important problems in the food industry is food
oxidation. Pumpkin skin has been noted for having phenolic and
carotenoid compounds with antioxidant properties. In this
research, phenolic and carotenoid extracts of pumpkin peel were
obtained using sub-critical water extraction and supercritical
fluid extraction methods and then phenolic and carotenoid
compounds were measured. The combined extracts had the
highest antioxidant properties due to the synergistic properties
of the extracts. In general, in all the antioxidant activity
evaluation methods, the combined extract extracted using
supercritical fluid and then the combined extract extracted using
subcritical water showed the highest antioxidant activity. Also,
the extraction method with subcritical water was more effective
for extracting carotenoids and the extraction method with
supercritical fluid was more effective for extracting phenolic
compounds. There was a relationship between the amount of
phenolic and carotenoidal compounds of the extracts and the
antioxidant activity. In all three methods antioxidant activities
of extracts increased by increasing in extract concentration. The
results showed that the combined phenolic-carotenoid extract of
pumpkin skin can be a suitable alternative to synthetic
antioxidants as a natural antioxidant.
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