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One of the important waste materials of the citrus juice industry, its seeds are a potentially 
valuable resource and are also a cause of major environmental problems. Evaluation of 
the parts of herbal products other than the edible part is one of the current paramount 
issues. However, for oilseeds to be used effectively and beneficially in various fields, 
it is considered useful to determine the bioactive properties, phenolic components, 
fatty acids and mineral contents of seeds and oils as a result of heat treatment. The 
oil contents of unroasted and roasted-orange seeds were determined between 42.55 
(unroasted) and 45.56% (oven), respectively. While total phenol amounts of the orange 
seeds are found between 115.79 (control) and 133.89 mg GAE/100g (microwave), total 
flavonoid contents of orange seeds were recorded between 22.02 (control) and 150.83 
mg/100g (oven). Also, antioxidant activities of seeds were measured between 3.42 
(control) and 3.87 mmol/kg (microwave). The relationship between the antioxidant activity 
of the seeds and their bioactive components was linear. In general, an increase was 
observed in the amount of phenolic compounds in microwave and oven-roasted orange 
seeds compared to the control (except for catechin, rutin and quercetin). Gallic acid 
and 3,4-dihydroxybenzoic acid contents of orange seeds were identified between 5.33 
(control) and 45.92 (oven) to 10.01 (control) and 15.14 mg/100g (oven), respectively. 
While oleic acid contents of the oils obtained from unroasted and roasted orange seeds 
are identified between 24.44% (microwave) and 24.81% (oven), linoleic acid results of 
oils were detected between 39.00% (oven) and 39.23% (microwave). The amount of fatty 
acids of orange seed oils fluctuated depending on the type of roasting and statistically 
significant differences were monitored between the amounts of fatty acids (p<0.05). K, 
Cu, Ni, Zn and B contents of orange seeds roasted in microwave were higher than those 
roasted in control and oven. In addition, P, K, Na and Ni contents of oven-roasted orange 
seeds were found to be higher when compared to the control.
Keywords: orange seed, waste, roasting, bioactive compounds, antioxidant activity, 
polyphenols, fatty acids, elements, HPLC, GC, ICP-AES

1. INTRODUCTION

The agricultural industry creates a serious waste problem in the food and 
agriculture field as wastes such as seeds, fruit and peels, roots, bark, and 
leaves, which are generated as waste from fruit and vegetable process-
ing, are mostly discarded [7]. Citrus seeds waste is a potentially valuable 
resource, and also cause major environmental problems [1-3]. Significant 
amounts of citrus seeds emerge as waste in citrus processing plants, mak-
ing it difficult to dispose of them [1,2,4,5]. Solid waste, which is one of the 
most important environmental problems of today, is left randomly to the en-
vironment and its type is increasing day by day. Evaluation of the parts other 
than the edible part of plant products is one of the important issues of today 
[5,6]. Many physical and chemical properties of some seed and plant oils 
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consumed as edibles are close to one another. But, 
it is considered that it may be beneficial to determine 
the minor components of the oil extracted from the 
seeds in order to use oilseeds effectively and bene-
ficially in various fields [1,13,19-21]. Most common 
fats or oils are a mixture of very small amounts of lipid 
components and triglycerides. Fatty acids in different 
lipid molecules have different nutritional importance. 
The fatty acid profile of citrus seed oil was found to 
be similar to that of most edible oils [1,12-15,19,20]. 
Citrus seed is a waste product that can be used af-
ter being separated from the shell and pulp [14]. The 
most important citrus fruits are orange, mandarin, 
lemon and goldentop fruits, which are used espe-
cially in fruit juice production, as well as citrus and 
citrange species, which are important rootstocks of 
these species. One of the important waste materials 
of the citrus juice industry is the seeds. The use of 
wastes produced in large quantities from fruits dai-
ly by the agricultural industry is limited to the animal 
feed industry or these wastes thrown into the envi-
ronment cause significant environmental damage. 
Studies have focused on the determination of bioac-
tive properties, nutritional values, vitamins, minerals, 
and other beneficial components of such wastes [22, 
23]. Recently, the focus has been on the evaluation of 
waste materials and by-products from food process-
ing. This allows for highly available resources and ul-
timately the production of a variety of new foods. It is 
getting more and more difficult to solve the problems 
arising from industrial wastes. Therefore, more efforts 
are needed to develop by-products and wastes with 
nutritional and industrial potential [14]. Apart from the 
edible part of citrus fruits, the waste part, which is 
mostly composed of peels and seeds, is used in the 
treatment of various diseases among the public [8]. 
Fruit and vegetable peels are rich in bioactive com-
ponents such as polyphenols and carotenoids, which 
are called phytochemicals and have various positive 
effects on health [9,10]. Plant seeds are usually the 
source of essential oils for nutritional and industrial 
fields [12]. Today, the waste of one factory can be the 
raw material of another industry. Therefore, due to the 
nutritional properties of by-products such as shells 
and seeds, which are produced as waste in food 
processing industries, they can be a valuable source 
of by-products [14,16-18]. Phenolic substances are 
important for human health due to its effects on taste 
and odour formation, participation in colour formation 
and change, antimicrobial and antioxidative effects. 
Phenolic compounds have positive effects on nutri-
tional physiology [11]. In order to evaluate waste ma-
terials and by-products such as orange seeds from 
food processing, it is necessary to increase the shelf 
life by removing the water in the seeds, to add fla-
vour and aroma to the seeds, and to destroy some 
harmful substances in its composition with the effect 
of heat. As a result of these processes, the changes 
in the phytochemical contents of the orange seeds of 

the microwave and oven processes were observed. 
Therefore, it is necessary to develop by-products and 
wastes with nutritional and industrial potential and to 
allow them to be used as food supplements. The dis-
posal of by-products in food processing has become 
one of the most common problems in the industry 
[16,17]. Therefore, investigating the use of citrus 
seeds in human and/or animal diets has become an 
important issue. There are many studies that deter-
mine the bioactive components in the seeds of citrus 
fruits, which are grown at a significant level in Turkey, 
reveal their comparative advantages, and reveal the 
effect of different heat treatments on the determi-
nation of the amounts of phenolic compounds with 
antioxidant properties. The aim of this study: 1- de-
termination of the physico-chemical properties, total 
phenol, total flavonoid amounts, antioxidant capacity, 
phenolic and fatty acids of orange seed; 2- the effect 
of roasting in microwave and oven was compared 
on the bioactive properties and phytochemicals of 
seeds.

2. MATERIAL AND METHODS

2.1. MATERIAL 
Orange (Citrus sinensis L.) fruits (50 kg) obtained 
from Mersin (Büyükeceli-Gülnar) in Turkey in 2021 
were used. The seeds obtained from the orange fruit 
were cleaned with tap water and dried in atmospheric 
weather conditions. The seeds were dried by arrang-
ing them in a single layer on a cloth. The seeds were 
mixed at regular intervals during the drying process. 
The dried seeds were powdered in a laboratory mill 
and stored in hermetically sealed coloured glass jar at 
4°C until analysis.

2.2 METHODS

2.2.1 Heat treatment
Ground orange seeds were subjected to a heat treat-
ment prior to analysis (except Control). The orange 
seeds were heated in an oven at 120°C for 50 min; in 
a microwave at 900W for 7 min. 

2.2.2 Moisture content
The moisture contents of the orange seeds were de-
termined by the KERN & SOHN GmbH infrared mois-
ture analyser [24].

2.2.3. Oil content
After grinding the roasted and unroasted orange 
seeds, 10 g were weighed into the Soxhlet cartridge 
and placed in the Soxhlet apparatus. Petroleum ether 
was used for oil extraction. The extraction process 
continued for 5 hours at 50°C. This period was com-
pleted, the petroleum ether was evaporated in the 
evaporator. After oil extraction, possible particles 
were removed by filtering, the crude oil content (%) 
was determined. [24].
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2.2.4 Extraction procedure
Extraction was made according to the method deter-
mined by Garcia-Salas et al [25]. 2 g samples were 
taken from the grinded orange seeds, mixed with 10 
ml of methanol, and the mixture was stirred by vortex 
for 1 minute. Then, after the solution was sonicated 
for 30 min, it was centrifuged at 4500 rpm for 10 min. 
The resulting supernatants were collected and con-
centrated at 37°C. After the volume of the extracts 
was made up to 10 ml, they were filtered. All analyses 
were performed in 3 replications.

2.2.5 Total phenolic content
The total phenolic results of the orange seeds were 
recorded by the Folin-Ciocalteu reagent according to 
study stated by Yoo et al. [26]. FC (1 ml) and Na2CO3 
(10 ml) were added to extract and mixed with vortex. 
The deionised water was added until the final volume 
was 25 ml and kept in the dark for 1 h. The absor-
bance was measured at 750 nm in a spectrophotom-
eter. A calibration curve was prepared with gallic acid 
(0-200 mg/ml) as the standard. The results are shown 
as mg gallic acid equivalent (GAE)/100 g.

2.2.6 Total flavonoid content
The orange seed extract (1 mL) was mixed with 0.3 
ml of NaNO2, 0.3 ml of AlCl3 and 2 ml of NaOH, re-
spectively, and kept in the dark for 15 min. The ab-
sorbance of mixture was measured at 510 nm using 
spectrophotometer. The results are given as mg quer-
cetin (QE)/100g [27].

2.2.7 Antioxidant activity
1.1-diphenyl-2-picrylhydrazyl (DPPH) was used for 
the antioxidant capacity of orange seed extracts [28]. 
The extract was added to 2 ml of a methanolic solu-
tion of DPPH, followed by vortexed and kept in the 
dark for 30 min. The absorbance was read at 517 
nm. The results obtained was stated as mmol trolox 
(TE)/kg.

2.2.8 Determination of phenolic compounds
HPLC (Shimadzu) equipped with a PDA detector and 
an Inertsil ODS-3 (5 µm; 4.6 x 250 mm) column was 
used for chromatographic separation of phenolic 
compounds of seed extracts. The mobile phase was 
a mixture of 0.05% acetic acid in water (A) and aceto-
nitrile (B) with the flow rate of 1 ml/min at 30 °C. The 
injection volume was 20 µl. The peaks were taken at 
280 using a PDA detector. The elution programme 
was employed: 0-0.10 min 8% B; 0.10-2 min 10% 
B; 2-27 min 30% B; 27-37 min 56% B; 37-37.10 min 
8% B; 37.10-45 min 8% B. The total running time per 
sample was 60 min. 

2.2.9 Fatty acid composition
The orange seed oil was esterified according to the 
ISO-5509 (1978) method. Fatty acid methyl esters of 
samples were analysed using gas chromatography 

(Shimadzu GC-2010) equipped with a flame-ionisa-
tion detector (FID) and capillary column (Tecnocroma 
TR-CN100, 60 m x 0.25 mm, film thickness: 0.20 µm). 
The temperature of the injection block and detector 
was 260ºC. The mobile phase was nitrogen with 1.51 
ml/min flow rate. The total flow rate was 80 ml/min 
and split rate was also 1/40. The column temperature 
was programmed 120ºC for 5 minutes and increased 
240ºC at 4ºC/min and held 25 minutes at 240ºC. 

2.2.10 Determination of mineral
After orange seeds were dried at 70ºC until reaching 
a constant weight, they were ground in a laborato-
ry-type mill. About 0.5 g of ground seeds was burned 
by using 5 ml of 65% HNO3 and 2 ml of 35% H2O2 in 
a microwave system. A 40-cell microwave was used 
to ensure the reliability of the analysis. After the vol-
umes of the dissolved samples were made up to 20 
ml with deionised water, the element concentrations 
in the samples were analysed by Inductively coupled 
plasma optical emission spectrometry (ICP-AES; 
Varian-Vista Model) equipment [30]. 

Working conditions of ICP-AES:
Instrument: ICP-AES (Varian-Vista)
RF Power: 0.7-1.5 kw (1.2-1.3 kw for Axial)
Plasma gas flow rate (Ar): 10.5-15 L/min. (radial) 15 “ 
(axial)
Auxiliary gas flow rate (Ar): 1.5 “
Viewing height: 5-12 mm
Copy and reading time: 1-5 s (max.60 s)
Copy time: 3 s (max. 100 s)

2.3 Statistical Analyses
After averaging the triple analysis data for all treat-
ments, the mean values were exposed to analysis of 
variance. Significant differences between raw (con-
trol), roasted kernels and roasting type results were 
calculated by Duncan’s Multiple Range test (p<0.05).

3. RESULTS AND DISCUSSION

3.1 BIOACTIVE COMPOUNDS AND ANTIOXIDANT 
ACTIVITY OF ORANGE SEEDS
The results of bioactive compounds and antioxidant 
activities of orange seeds roasted in the oven and 
microwave are shown in Table 1. Results obtained 
with the bioactive compounds and antioxidant activ-
ity values of orange seeds exhibited some changes 
depending on roasting types. The moisture and oil re-
sults of unroasted (control) and roasted-orange seeds 
were calculated between 2.93% (oven) and 7.66% 
(control) to 42.55% (control) and 45.56% (oven), re-
spectively. While the total phenolic results of the or-
ange seeds change between 115.79 (control) and 
133.89 mg GAE/100g (microwave), total flavonoid 
results of unroasted and roasted-orange seeds were 
determined between 122.02 (control) and 150.83 
mg/100g (oven). Antioxidant activities of seeds were 
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measured between 3.42 (control) and 3.87 mmol/kg 
(microwave). The moisture amount of orange seeds 
decreased with microwave and oven roasting, while 
the oil content of seeds partially increased. This in-
crease is probably due to the evaporation of water 
in the seed during roasting and the increase in dry 
matter content. In addition, bioactive compounds 
and antioxidant activities of orange seeds increased 
with the roasting process compared to the control. 
The highest total phenol and antioxidant activities 
were established in orange seeds roasted in the mi-
crowave. A linear relationship between the antioxi-
dant activity results of the seeds and their bioactive 
components was monitored. Statistically significant 
changes among the chemical properties and antioxi-
dant activity results of orange seeds were monitored 
depending on the type of roasting (p<0.05). Micro-
wave and oven roasting increased both the bioactive 
component amounts and antioxidant activity values 
of orange seeds. The oil results of orange and tan-
gerine seeds were reported as 17.01% and 15.87%, 
respectively [14]. In another study, the oil results of 
citrus seeds obtained from Turkey and Vietnam were 
determined to be 45.1-58.8% and 32.1-54.8%, re-
spectively [31]. The oil content of citrus seeds was 
determined between 34.92 and 41.66% [32]. The 
total phenolic content of oil extracted from orange 
seeds was 1152.88 mg GAE/kg [32]. The oil contents 

of citrus seeds growing in Egypt changed between 
40.2 and 45.5% [13]. The rate of oil result of citrus 
seeds varied between 33.4% and 41.9% [33]. The 
oil results of mandarin and bitter orange seeds were 
recorded as 27.61% and 36.42%, respectively [34]. 
The total phenolic contents of orange seed oils were 
1152.88 mg GAE/kg [32]. Moulehi et al. [35] report-
ed that the total polyphenol result of Mandarin (Citrus 
reticulata) seed was established between 0.68 and 
2.11 mg GAE/g DW. The total phenolic results of 
orange seed was determined between 10.9 - 39.4 
mg GAE/g (DW)  [36]. While total phenolic results 
of Citrus seeds change between 411.43 (lemon) and 
814.84 mg GAE/100 g (bitter orange), total flavo-
noid results of Citrus seeds were monitored between 
97.84 (grapefruit) and 126.48 mg/100 g (lemon), re-
spectively [34]. Antioxidant activity of orange fruit seed 
was determined as 94.10 μmol Trolox/100 g [37]. 
Also, Özcan et al. [34] determined between 53.27 
(mandarin) and 74.21% (lemon) antioxidant activity 
in Citrus seeds. Kumar and Sharmai [38] measured 
between 94.87 (C.limetta) and 97.82 µmol/g (C.sin-
ensis) antioxidant activities in few Citrus seeds. The 
results we obtained regarding the bioactive compo-
nents of orange seeds showed some changes when 
compared to the values of previous works. These dif-
ferences could be probably attributed to harvest time, 
ripeness, growing conditions, and climatic factors. 

Table I - Some chemical and bioactive compounds of orange seeds roasted in microwave and oven 

Process Moisture content (%) Oil content (%) Total phenolic content 
(mg/100 g) 

Total flavonoid content 
(mg/100 g) 

Antioxidant activity 
(mmol/kg) 

Control 7.66 ± 0.63a* 42.55 ± 2.55c 115.79 ± 2.65c 122.02 ± 4.68c 3.42 ± 0.02c 
Microwave 3.68 ± 0.14b 43.47 ± 0.10b 133.89 ± 2.14a 143.45 ± 4.75b 3.87 ± 0.00a 
Oven 2.93 ± 0.33c 45.56 ± 0.73a 121.03 ± 8.95b 150.83 ± 3.79a 3.56 ± 0.14b 

* values within each column followed by different letters are significantly different at P < 0.05. 

 

 

 

Table II - Phenolic compounds of orange seeds roasted in microwave and oven 

Phenolic compounds (mg/100 g) Control Microwave oven Oven 
Gallic acid 5.33 ± 0.45c* 38.18 ± 2.79b 45.92 ± 4.78a 
3,4-Dihydroxybenzoic acid 10.01 ± 2.49c 11.47 ± 1.31b 15.14 ± 0.12a 
Catechin 18.73 ± 0.61b 17.96 ± 4.23c 25.48 ± 4.67a 
Caffeic acid 2.08 ± 0.67c 4.18 ± 0.60a 3.79 ± 1.16b 
Syringic acid 3.37 ± 1.20c 4.28 ± 0.22ab 4.37 ± 0.57a 
Rutin 10.15 ± 0.08b 10.40 ± 0.71a 9.83 ± 3.33c 
p-Coumaric acid 1.60 ± 0.42c 3.59 ± 0.78b 3.86 ± 0.65a 
Ferulic acid 2.13 ± 0.59bc 3.74 ± 0.95a 2.78 ± 0.92b 
Resveratrol 0.75 ± 0.10c 1.32 ± 0.38a 1.27 ± 0.25b 
Quercetin 4.02 ± 1.98b 6.23 ± 1.40a 3.06 ± 0.82c 
Cinnamic acid 0.73 ± 0.29a 0.53 ± 0.07b 0.45 ± 0.17c 
Kaempferol 0.92 ± 0.51c 2.40 ± 0.71a 1.76 ± 0.55b 

* values within each row followed by different letters are significantly different at P < 0.05. 
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3.2 PHENOLIC COMPOUNDS OF ORANGE SEEDS
The quantitative results of phenolic constituents of 
unroasted and roasted orange seeds are given in Ta-
ble 2. The predominant phenolics of unroasted and 
roasted orange seeds were gallic acid and 3,4-dihy-
droxybenzoic acid (Fig.1). The phenolic constituent 
results of the seeds differed according to the roast-
ing type compared to the control. Gallic acid and 

3,4-dihydroxybenzoic acid contents of orange seeds 
were established between 5.33 (control) and 45.92 
mg/100g (oven) to 10.01 (control) and 15.14 mg/100g 
(oven), respectively. Also, while catechin results of 
orange seeds vary between 17.96 (microwave) and 
25.48 mg/100g (oven), syringic acid results of seed 
samples were monitored between 3.37 (control) and 
4.37 mg/100g (oven). Rutin and quercetin results of 
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Figure 1 - Phenolic chromatograms of orange seeds 

 

0 10 20 30 40 min
-25

0

25

50

75

100

125

150
mAU

280nm,4nm (1.00)

G
al

lic
 a

ci
d

3,
4-

D
ih

yd
ro

xy
be

nz
oi

c 
ac

id
C

at
ec

hi
n

C
af

fe
ic

 a
ci

d
S

yr
in

gi
c 

ac
id

R
ut

in

p-
C

ou
m

ar
ic

 a
ci

d
Fe

ru
lic

 a
ci

d

R
es

ve
ra

tro
l

Q
ue

rc
et

in

C
in

na
m

ic
 a

ci
d

K
ae

m
pf

er
ol

0 10 20 30 40 min

0

50

100

150

200

mAU
280nm,4nm (1.00)

G
al

lic
 a

ci
d

3,
4-

D
ih

yd
ro

xy
be

nz
oi

c 
ac

id
C

at
ec

hi
n

C
af

fe
ic

 a
ci

d
S

yr
in

gi
c 

ac
id

R
ut

in

p-
C

ou
m

ar
ic

 a
ci

d
Fe

ru
lic

 a
ci

d

R
es

ve
ra

tro
l

Q
ue

rc
et

in

C
in

na
m

ic
 a

ci
d

K
ae

m
pf

er
ol

0 10 20 30 40 min

0

25

50

75

100

125

mAU
280nm,4nm (1.00)

G
al

lic
 a

ci
d

3,
4-

D
ih

yd
ro

xy
be

nz
oi

c 
ac

id
C

at
ec

hi
n

C
af

fe
ic

 a
ci

d
S

yr
in

gi
c 

ac
id

R
ut

in

p-
C

ou
m

ar
ic

 a
ci

d
Fe

ru
lic

 a
ci

d

R
es

ve
ra

tro
l

Q
ue

rc
et

in

C
in

na
m

ic
 a

ci
d

K
ae

m
pf

er
ol

 

 

Control 

 

Orange seed-Microwave 

 

Orange seed-Oven 

Figure 1 - Phenolic chromatograms of orange seeds 

 

0 10 20 30 40 min
-25

0

25

50

75

100

125

150
mAU

280nm,4nm (1.00)

G
al

lic
 a

ci
d

3,
4-

D
ih

yd
ro

xy
be

nz
oi

c 
ac

id
C

at
ec

hi
n

C
af

fe
ic

 a
ci

d
S

yr
in

gi
c 

ac
id

R
ut

in

p-
C

ou
m

ar
ic

 a
ci

d
Fe

ru
lic

 a
ci

d

R
es

ve
ra

tro
l

Q
ue

rc
et

in

C
in

na
m

ic
 a

ci
d

K
ae

m
pf

er
ol

0 10 20 30 40 min

0

50

100

150

200

mAU
280nm,4nm (1.00)

G
al

lic
 a

ci
d

3,
4-

D
ih

yd
ro

xy
be

nz
oi

c 
ac

id
C

at
ec

hi
n

C
af

fe
ic

 a
ci

d
S

yr
in

gi
c 

ac
id

R
ut

in

p-
C

ou
m

ar
ic

 a
ci

d
Fe

ru
lic

 a
ci

d

R
es

ve
ra

tro
l

Q
ue

rc
et

in

C
in

na
m

ic
 a

ci
d

K
ae

m
pf

er
ol

0 10 20 30 40 min

0

25

50

75

100

125

mAU
280nm,4nm (1.00)

G
al

lic
 a

ci
d

3,
4-

D
ih

yd
ro

xy
be

nz
oi

c 
ac

id
C

at
ec

hi
n

C
af

fe
ic

 a
ci

d
S

yr
in

gi
c 

ac
id

R
ut

in

p-
C

ou
m

ar
ic

 a
ci

d
Fe

ru
lic

 a
ci

d

R
es

ve
ra

tro
l

Q
ue

rc
et

in

C
in

na
m

ic
 a

ci
d

K
ae

m
pf

er
ol

 

 

Control 

 

Orange seed-Microwave 

 

Orange seed-Oven 

Figure 1 - Phenolic chromatograms of orange seeds 
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unroasted and roasted orange seeds were recorded 
between 9.83 (oven) and 10.15 mg/100g (control) to 
3.06 (oven) and 6.23 mg/100g (microwave), respec-
tively. Also, while caffeic acid results of seeds are 
monitored between 2.08 (control) and 4.18 mg/100g 
(microwave), ferulic acid results of the orange seeds 
were established between 2.13 (control) and 3.74 
mg/100g (microwave). p-Coumaric acid values of 
the seeds changed between 1.60 (control) and 3.86 
mg/100g (oven). The highest kaempferol and resver-
atrol (2.40 mg/100g and 1.32 mg/100g) were identi-
fied in orange seed roasted in microwave. In general, 
an increase was observed in the amount of phenolic 
constituents in microwave and oven-roasted orange 
seeds compared to the control (except for catechin, 
rutin and quercetin). However, the routine and res-
veratrol contents of microwave roasted seeds were 
higher when compared to the results of control and 
oven roasted seeds. The amounts of most phenolic 
compounds roasted in the microwave were higher 
than those roasted in the oven. The higher pheno-
lics of roasted orange seeds compared to the control 
may have been caused by Maillard reaction products 
during roasting, oil oxidation and caramelisation in the 
seed. Statistically significant differences were moni-
tored between the results of phenolic compounds 
depending on the type of roasting (p<0.05). Silva and 
Jorge [37] reported that the predominant phenolic 
compounds of the citrus fruit seed oils were salicylic 
acid, quercetin and p-coumaric acid. It has been re-
ported that genotype and environmental factors have 
a significant effect on the phenolic profile of citrus 
seeds, which are rich in p-coumaric, ferulic acid and 
caffeic acid [35,39]. When the results are compared 
with the previous studies, although the dominant 
phenolic component is the same, the amounts may 
differ. These changes may be due to variety, genetic 
structure, climatic factors, maturation, and harvest 
time.

3.3 FATTY ACID PROFILES OF THE OILS EXTRACTED 
FROM ORANGE SEEDS
The quantitative amounts of fatty acid profiles of the 
oils obtained from unroasted and roasted orange 
seeds are illustrated in Table 3. Stearic, palmitic, oleic 
and linoleic acids are the key fatty acids of orange 

seed oils (Fig. 2). Palmitic and stearic acid results of 
the orange seed oils were detected between 26.67% 
(oven) and 26.84% (unroasted) to 6.02% (unroast-
ed) and 6.04% (oven), respectively. While oleic acid 
contents of the oils extracted from unroasted and 
roasted orange seeds are identified between 24.44% 
(microwave) and 24.81% (oven), linoleic acid results 
of orange seed oils were monitored between 39.00% 
(oven) and 39.23% (microwave). Also, linolenic acid 
results of the orange seed oils varied between 3.04% 
(control) and 3.17% (microwave). Arachidic acid con-
tents were found below 0.41% in all oil samples. In 
general, the amount of fatty acids of the unroasted 
orange seed oils was slightly increased compared to 
the control. While the results of some fatty acids were 
different, some were found to be similar. The amount 
of fatty acids of orange seed oils differed according to 
the type of roasting, and these differences in fatty ac-
ids were found to be statistically significant (p<0.05). 
The seed oils of orange contained 38.26% linoleic, 
24.89% oleic, 28.12% palmitic, 4.34% stearic, 2.58% 
linolenic and 0.55% arachidic acids [14]. Citrus seed 
oil contained 76.19% linoleic, 13.87% oleic, 6.76% 
stearic and 2.40% palmitic acids [40]. Park et al. [41] 
determined that palmitic, stearic, oleic, linoleic and 
linolenic acid contents of lemon (Citrus limon) seed 
oil changed between 11.68-16.86%, 1.95-3.41%, 
11.10-18.65%, 15.51-27.03% and 1.50-5.54%, re-
spectively. The orange seed oil contained 26.42% 
palmitic, 5.20% stearic, 23.04% oleic, 40.19% linole-
ic, 3.92% linolenic and 0.38% arachidic acid [32]. Or-
ange seed oil contained 26.2% palmitic, 5.8% stearic, 
26.5% oleic, 37.4% linoleic, 3.1% linolenic and 0.4% 
arachidic acids [37]. Citrus seed oils contained 33.2% 
to 36.3% linoleic, 24.8% to 29.3% oleic and 23.5% 
to 29.4% palmitic acids as the key fatty acid found 
[33]. Oleic and linoleic acid results of some Citrus seed 
oils varied between 21.84% and 27.58% to 33.94% 
and 38.67%, respectively [34]. Saidani et al. [21] ver-
ified that oils extracted from Tunisian citrus seeds are 
mostly constituted of triacylglycerols that are rich in 
unsaturated fatty acids. Valencia seed oil contained 
palmitic acid (47.33%), stearic acid (7.50%), oleic 
acid (18.40 %) and linoleic acid (I 8.39%) as the ma-
jor fatty acids and less amount of myristic (1.55%), 
palmitoleic (5.04%) acids were the minor fatty acids 

Table III - Fatty acid composition of the oils extracted from orange seed roasted in microwave and oven 

Fatty acids (%) Control Microwave oven Oven 
Palmitic 26.84 ± 0.25a* 26.73 ± 0.48b 26.67 ± 0.08c 
Stearic 6.02 ± 0.02c 6.03 ± 0.07b 6.04 ± 0.01a 
Oleic 24.67 ± 0.09b 24.44 ± 0.16c 24.81 ± 0.05a 
Linoleic 39.03 ± 0.13b 39.23 ± 0.22a 39.00 ± 0.04b 
Arachidic 0.40 ± 0.00b 0.41 ± 0.01a 0.40 ± 0.00b 
Linolenic 3.04 ± 0.01c 3.17 ± 0.01a 3.09 ± 0.01b 

* values within each row followed by different letters are significantly different at P < 0.05. 
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[42]. The fatty acid composition of seed oils can be 
affected by climatic factors such as location, precip-
itation and temperature, and harvest time [43]. The 
results showed some fluctuations depending on the 
processing conditions. These differences are likely 
due to agricultural factors, physiological factors, fruit 
maturity, temperature, other climatic factors and har-
vest time and agriculture applications.

3.4 ELEMENT CONTENTS OF ORANGE SEEDS 
ROASTED IN MICROWAVE AND OVEN
The effects of microwave and oven roasting on the 
element contents of protocol seeds, which are pro-
duced as industrial fruit juice production waste, are 
given in Table 4. Depending on the roasting type, dif-

ferences were observed in the macro and micro ele-
ment contents of the orange seeds when compared 
to the control. P and K amounts of orange seeds were 
recorded between 2939.01 (microwave) and 3012.91 
mg/kg (oven) to 9477.58 (control) and 10265.58 mg/
kg (microwave), respectively. In addition, while Ca 
contents of seed samples are found between 2.49 
(Oven) and 2.75 mg/kg (control), Mg amounts of or-
ange seeds were reported between 321.85 (Oven) 
and 357.68 mg/kg (control). The highest S amount 
was determined in control seed sample. Although the 
Fe contents of orange seeds were statistically differ-
ent (p<0.05), the results were close to each other. But, 
there was no statistically significant difference be-
tween the Fe contents of the control and microwave 
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Figure 2 - Fatty acid chromatograms of the oils extracted from orange seeds 
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roasted orange seeds. Cu and Zn amounts of orange 
seeds were measured between 1.96 (Oven) and 1.46 
mg/kg (control) to 2.47 (Oven) and 2.87 mg/kg (mi-
crowave), respectively. As seen in Table 4, K, Cu, Ni, 
Zn and B contents of seeds roasted in microwave 
were higher than those roasted in control and oven. In 
addition, P, K, Na and Ni contents of oven-roasted or-
ange seeds were found to be higher when compared 
to the control. The probable reason why the element 
contents of the orange seeds roasted in microwave 
and oven differ compared to the control may be due 
to the applied heat treatment parameters (tempera-
ture/time) and some analytical conditions. Orange 
seeds contained 40 mg/100g P, 45 mg/100g Ca, 66 
mg/100g K and 18 mg/100g Na [13]. Orange seed 
cake contained 0.006 ppm Ca, 1.53 ppm Mg, 0.02 
ppm Na, 7.33 ppm K, 0.02 ppm Fe and 0.01 ppm 
Cu [44] [45] reported that The seeds of “late Valen-
cia” and “Blood orange” orange varieties contained 
22.80 and 25.20 mg/100g K, 13.45 and 11.76 Na, 
93.85 and 82.60 Ca, 33.86 and 27.74 P, 0.78 and 
0.87 Fe. The Mn, Cu, Ni, Cd, Cr, Zn, Ca, Mg, Na, K 
contents of the orange seeds were 0.13 mg/100g, 
0.27 mg/100g, 0.03 mg/100g, 0.04 mg/100g, 0.15 
mg/100g, 0.63 mg/100g, 31.00 mg/100g, 1.02 
mg/100g, 55.56mg/100g and 57.50mg/100g [46]. 
The sweet orange seed contained 132.53 ± 0.2 
mg/100 g Ca, 375.23 ± 0.2 mg/100 g P, 85.63 ± 0.2 
mg/100 g Mg, 2.53± 0.1mg/100 g Zn, 51.43 ± 0.2 
mg/100 g Na and 12.46 ± 0.2 mg/100 g Fe [47]. Öz-
can and İnan [48] determined 451.60 mg/kg-2739.30 
mg/kg Ca, 886.99-1708.00 mg/kg Mg, 2443-3939 
mg/kg P, 23.43-35.87 mg/kg Zn in the seeds of sev-
eral orange varieties. The element contents obtained 
from orange seeds differed from the results of pre-
vious studies. These differences may be due to the 
orange variety, harvest time, applied heat treatments 
and types.

3.5 PRINCIPAL CONSTITUENTS ANALYSİS (PCA) OF 
PHENOLIC COMPOUNDS OF ORANGE SEEDS
The Principal Component Analysis (PCA) was applied 
to assess the effect of heating on phenolic compo-
nents of orange seeds, which are given in Fig 3. PC1 
explained about 67.166% of variability. PC2 exhibited 
about 32.834% of variability. PC1 was identified with 
gallic acid (0.993), caffeic acid (0.972), syringic acid 
(0.999), p-coumaric acid (0.999), resveratrol (0.990) 
and kaempferol (0.875). Moreover, rutin (0.991) and 
quercetin (0.987) were the main variables on PC2.

4. CONCLUSION

The results regarding the bioactive compounds, anti-
oxidant activity values, phenolics and fatty acids pro-
files of orange seed and oils showed some changes 
depending on the type of roasting. In addition, bioac-
tive compounds, antioxidant activity values of orange 
seeds increased with the roasting process compared Ta
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to the control. The highest total phenol and antioxi-
dant activities were established in microwave roast-
ed orange seeds. The relationship between the an-
tioxidant capacity of the seeds and their bioactive 
components was linear. In general, an increase was 
observed in the amount of phenolic constituents in 
microwave and oven-roasted orange seeds com-
pared to the control (except for catechin, rutin and 
quercetin). In general, an increase was observed in 
the amount of phenolic constituents in microwave 
and oven-roasted orange seeds compared to the 
control (except for catechin, rutin and quercetin). 
However, the routine and resveratrol contents of mi-
crowave roasted seeds were higher when compared 
to the results of the control and oven roasted seeds. 
The amounts of most phenolic compounds roasted in 
the microwave were higher than those roasted in the 
oven. The higher phenolics of roasted orange seeds 
compared to the control may have been caused by 
Maillard reaction products during roasting, oil oxida-
tion and caramelisation in the seed. Statistically signif-
icant differences were monitored between the results 
of phenolic compounds depending on the type of 
roasting (p<0.05). The amount of fatty acids of or-
ange seed oils differed according to the type of roast-
ing, and these differences in fatty acids were found 
to be statistically significant (p<0.05). In general, the 
amount of fatty acids of the unroasted orange seed 
oils was slightly increased compared to the control. 
While the amounts of some fatty acids were different, 
some were found to be similar. The result of fatty ac-
ids of orange seed oils fluctuated depending on the 
type of roasting and statistically significant differences 
were determined between the results of fatty acids. 
K, Cu, Ni, Zn and B contents of seeds roasted in mi-
crowave were higher than those roasted in control 
and oven. In addition, P, K, Na and Ni contents of 
oven-roasted orange seeds were found to be higher 
when compared to the control.
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