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Abstract: This study was aimed to evaluate the physicochemical properties and chemical profile of seeds oil obtained from new seven
sunflower (Helianthus annuus L.) lines as well as their antioxidant and enzyme inhibition activity. The seeds powder was extracted by
maceration in n-hexane. The oil content of the seven lines was ranged from 20.04% to 36.65% and was either yellow or pale yellow in
color. No significant variations were observed on the refractive index (1.46 unit) of the oil. Oils of the seven lines were significantly (p
< 0.05) different in their saponification values (32.13-282.66 mg KOH/g oil), peroxide values (1.76-13.26 mg KOH/g-oil), acid values
(0.016-1.766 mg KOH/g oil) and free fatty acids content (6.26-72.23 mg KOH/g-oil). The chemical profile of the oil revealed that line
APO42 contained the highest amount of monounsaturated fatty acids (55.9%). All the seven lines contained a considerable amount of
linoleic acid (27.5%- 42.5%), and it represented the major compound in lines BOH3 (42.5%) and H1733 (39.8%). The variation was
remarkable in their oleic acid content where the highest amount was observed in lines APO42 (55.4%) and APO43 (42.2%), respectively.
Lines BOH3, APO43, APO41, and H1733 exerted the best total antioxidant activity in addition to their capacity to reduce Cu** and Fe’*,
while lines H1733 and APO43 had a metal chelating activity as well. All oils showed weak acetylcholinesterase, butyrylcholinesterase,
a-glucosidase and a-amylase inhibitory activities. Only four lines showed considerable enzyme inhibitory activity against tyrosinase
enzymes. Multivariance analysis suggested that linoleic acid participated in the observed biological activity of the oils. In conclusion,
these new lines might contribute to the nutritional and phytotherapeutic properties of sunflower oil in addition to other industrial ap-
plications.
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1. Introduction Sunflower seed oil was found to exert several biological

Sunflower (Helianthus annuus L.), belonging to the
Asteraceae family, is an oilseed crop cultivated worldwide
for the production of high-quality edible oil. Sunflower seed
oil is ranked the fourth in the international oilseed market
after palm, soybean, and rapeseed (Adeleke and Babalola,
2020). Two types of sunflower seeds are commercially
cultivated: the oilseed (sunfoil) type, which is rich in
oil content, and the non-oilseed seed, which is used for
confectionary purposes (Giada and Mancini-Filho, 2009;
Eryilmaz and Yesilyurt, 2016). In traditional medicine, the
oil is commonly used to cure many diseases; among which,
there is heart disease, bronchial, laryngeal, and pulmonary
infections, coughs and colds, and whooping cough (Bashir
etal.,, 2015).

* Correspondence: dominique.mattar@univ-lorraine.fr

activities like healing properties, gastric protection,
being antiinflammatory, antimicrobial, antioxidant,
antidiabetic, and antihypertensive, having antitumor
activities, reducing both total cholesterol and low-density
lipoprotein (LDL) cholesterol (Guo et al., 2017). The
seed oil contains saturated and unsaturated fatty acids,
phenolic compounds, flavonoids, and vitamins. The oil
is rich in polyunsaturated fatty acids (approximately
31.0%) especially linoleic acid (55%-70%) and generally,
commercially available sunflower phenotypes contain less
amount of oleic acid (20-25%) (Premnath et al., 2016).
Sunflower is considered one of the promising
crops introduced in Sudan. Commercial production of
sunflower in Sudan was started in the late 1980s with
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the introduction of Hysun-33 hybrid from Australia
and PAN-7351 hybrid from South Africa. Then, two
open-pollinated sunflower varieties namely, Damazin-1
and Damazin-2 were produced. However, due to many
production constraints, the cultivation of sunflower has
failed to expand in the country. This enforced breeding
programs in Sudan to produce new local sunflower hybrids
were adapted to Sudan conditions in order to boosting
sunflower production and productivity in the country
(Mohamed, 2010).

Moreover, the demand for functional foods is steadily
growing, as it plays a beneficial effect on human health.
For example, a food with balanced polyunsaturated fatty
acids composition influences diverse aspects of immunity
and metabolism. The high content of linoleic and oleic
acids in sunflower oil makes this oil an ideal food with
physiologically preventative and/ or health-enhancing
effects (Franco et al., 2018). In fact, plant breeding
programs are currently applying biotechnological
approaches to obtain improved sunflower varieties with
maximum nutraceutical properties that significantly
help in developing products with high nutritional and
beneficial health effects in addition to satisfying the global
demand for chemical industries (Aremu et al., 2016).
Several sunflower lines, well adapted to the agro-climatic
condition of Sudan, were produced at the Department
of Agronomy, Faculty of Agriculture, University of
Khartoum, Sudan. The germplasm of these new lines has
a wide variation in characters such as yield, seed number,
plant height, earliness and susceptibility to biotic and
a biotic stresses. Moreover, the demand for functional
foods is steadily growing, as it plays a beneficial effect on
human health (Sergio et al., 2020). Hence, the present
study is a continuation for evaluation of the beneficial
properties of the seeds of these seven new sunflower
lines and was designed to determine the physicochemical
characteristics, fatty acid profile of their oil. In addition,
the antioxidant and inhibitory properties of the oil against
key enzymes (amylase, glucosidase, tyrosinase, acetyl- and
butyryl-cholinesterases) involved in the pathogenesis of
diseases such as diabetes, skin hyperpigmentation, and
neurological diseases were evaluated.

2. Materials and methods

2.1. Plant materials

Seeds from seven sunflower new lines, namely APO4I,
APO42, APO43, APO44, APO45, BOH3, and H1733
were kindly provided by Dr. Abd El Wahab H. Abdalla,
Department of Agronomy, Faculty of Agriculture,
University of Khartoum, Sudan. These lines were developed
from the random mating population through continued
selfing. Seeds were obtained from plant materials grown
at shambat (lat 15° 40" N and long, 32° 32" E). The mean
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maximum and minimum temperatures were in the range
of 34.4 °C and 21.5 °C, respectively during the growing
season, and the average rainfall is 18.8 mm/annum. The
soil of the area is heaving loamy soil.

2.2. Preparation of the oil

The fine powder (20 g) of seeds was extracted by maceration
in n-hexane (400 mL) using a shaker apparatus, for about
24 h at room temperature, filtered, and then the solvent
was evaporated. The resultant dry extract from each
sample was weighed and stored at 4°C, in amber-colored
glass container until used.

2.3. Physicochemical properties of oil

Refractive index, free fatty acids, peroxide, acid, and
saponification values were evaluated following the
standard method described by AOCS (Official Methods
and Recommended Practices of the AOCS, 2004).

2.4. Fatty acids analysis
Fatty acids present in oils were converted to fatty acid
methyl esters as described by Liu (1994).

2.5. GC/MS analysis

The chemical profile of oil seeds of the seven lines of
sunflower were determined by gas chromatography-mass
spectrometry system (GC-MS) according to Hemmati
and co-workers (2020) method. Analyses were performed
using QP2010-Shimadzu equipment operating in the EI
mode at 70 eV. An SLB5 column DB-5 ms (30 m, 0.25 mm
film thickness) was employed with a 36 min temperature
program of 60-320 at 10 °C/min followed by a 10 min
hold at 320 °C. The injector temperature was 250 °C, the
flow rate of the carrier gas (helium) was 1 mL/min, and
the split ratio was 1:50. The interval of the scan m/z was
between 35 and 900. The identity of different compounds
was achieved by comparing the measured data with the
NIST08.LIB database.

2.6. Antioxidant activity

The antioxidant potential including the total antioxidant
activity, scavenging  2,2-diphenyl-1-picrylhydrazyl
(DPPH) and 2,2-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) radicals, ferric and cupric ion
reducing antioxidant power (FRAP and CUPRAC), and
ferrous chelating properties of each oil were evaluated via
colorimetric assays described by Zengin et al. (2015) and
Mohammed et al (2020). Different concentrations of the
tested oils were prepared in methanol and then the samples
were used in above-mentioned assays. In CUPRAC and
ferrous chelating assays, we prepared a blank for each
concentration without CuCl, and ferrozine, respectively.
Afterwards, the absorbance of the blank was subtracted
from that of the sample in the assays.

2.7. Enzyme inhibition activity
Colorimetric methods were also adopted to evaluate the
enzyme inhibition property of the studied sunflower seed
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oils. The enzymes used were acetylcholinesterase (AChE),
butyrylcholinesterase (BuCh), tyrosinase, a-glucosidase
and a-amylase. Different concentrations of the tested oils
were prepared in methanol and then the samples were
used in the enzyme inhibition assays. We prepared a blank
for each concentration without enzymes in the assays and
the absorbance of the blank was subtracted from that of
the sample. All experimental details were given in our
previous papers (Zengin et al., 2015; Mohammed et al.,
2020).

2.8. Statistical analysis

Results of physicochemical properties, antioxidant and
enzyme inhibitory activity were presented as the mean +
standard deviation (SD), and significant differences (p <
0.05) were determined by One-way ANOVA with post-
hoc Tukey HSD, using SPSS 17 software. The multivariate
analysis was done with SIMCA 10.0 software (Umetrics,
Umed, Sweden). The chemical profile of sunflower lines
and bioactivities datasets were analyzed using Partial Least
Square (PLS) analysis model to highlight the difference in
chemical compounds and bioactivities between the species
parts.

3. Results

3.1. Identity and quality of the oil of seven sunflower lines
The physicochemical characteristics of the seed oil
extracted from the seven lines of sunflower are presented
in Table 1. The oils, extracted by maceration with
n-hexane, had a yield ranging from 20.04% to 36.65%
with the highest content obtained from line APO43.
However, these values were less than the commercially
available sunflower varieties, which contained 39% to
49% oil in seed. Also, they were lower in oil content than
those obtained from the Brazilian cultivars, which was in
the range from 38 to 48% (Porto et al., 2008) but within
the range (29.5% - 50.2%) of some sunflower genotypes
obtained by Carvalho et al. (2009). Different biotic and

abiotic factors among which are genetic diversity, climate
conditions and agricultural conditions may be responsible
for these variations in oil contents of sunflower seeds
(Carvalho et al., 2009). Oils of the seven lines had oil
color either yellow or pale yellow and refractive index
value (1.46 unit) in accordance with the recommended
(standard) physicochemical characteristics of edible oils
as given by the Food and Agriculture Organization (FAO)
and the World Health Organization (WHO/FAO) (1993).
Acid values ranged between 0.016 to 1.766 mg KOH/g oil.

Lower peroxide values indicated high quality of the
oils. Peroxide values of the seven sunflower lines ranged
between 1.76 to 13.26 mg KOH/g-oil. The lowest peroxide
values were recorded by lines APO41 and APO42 (1.76
and 2.86 mg KOH/g-oil, respectively). These values were
higher than those obtained from other sunflower varieties
(0.16 mg KOH/g-oil) by Oliveira et al. (2019). The seven
lines showed significant (p < 0.05) differences in their
free fatty acids content. It ranged from 6.26 (for APO45)
to 72.23 mg KOH/g-oil (for H1733). These values were
higher than those obtained from oils extracted from
other sunflower lines reported by Tabasum et al. (2012).
Also, they exerted significant (p < 0.05) variation in their
saponification values (32.13-282.66 mg KOH/g). The
highest value (282.66 mg KOH/g) was obtained from
line APO41 followed respectively by APO42 (281.23 mg
KOH/g), APO43 (272.36 mg KOH/g) and APO45 (195.66
mg KOH/g) respectively. These results were higher than
those reported from other sunflower genotypes obtained
by Sadoudi et al. (2014) (186.13-192.6 mg KOH/g).

3.2. Chemical profile of seed oils from the seven lines of
sunflower

Analysis by GC/MS was carried out to determine the
chemical profile of the oils extracted from the seven lines
of sunflower. Results are presented in Table 2. About 14
to 18 compounds were identified in all lines excepted line
APO45 where a total of 27 compounds were identified.

Table 1. Physicochemical characterization of crude oil from the seeds of the seven sunflower lines.

Lines Yield (%) | Colour Refractive Index | Saponification value® | Free fatty acid® | Peroxide value* | Acid value®

APO41 | 34.05 Pale yellow |1.46 +0.05 282.66 + 0.06 42.13 £ 0.05° 1.76 £ 0.05¢ 0.086 + 0.05°
APO42 |22.90 Yellow 1.46 £ 0.05° 281.23 £ 0.06 9.94 + 0.05¢ 2.86 +0.05° 0.016 £ 0.05¢
APO43 | 36.65 Yellow 1.47 £0.05 272.36 + 0.06° 12.73 £ 0.05°  [4.76 + 0.05¢ 0.026 + 0.05%
APO44 |32.55 Yellow 1.47 £0.05 32.13 + 0.06f 17.66 + 0.06¢  [4.76 + 0.05¢ 0.036 £ 0.05*
APO45 |25.14 Yellow 1.46 £ 0.05° 195.66 £ 0.06¢ 6.26 £ 0.12¢ 6.16 + 0.05" 0.016 + 0.05%
BOH3 20.04 Pale yellow |1.46 +0.05* 100.63 + 0.12¢ 53.16 £ 0.06* |6.13 +0.05" 0.066 + 0.05"
H1733 24.86 Yellow 1.46 +0.05° 97.66 + 0.06° 72.23 £0.12° 13.26 £ 0.05 1.766 + 0.06

*, values expressed as mg KOH/g-oil. In each column different superscript letters indicate significant differences (p < 0.05).
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Table 2. Chemical profile of the oil extracted from the seeds of the seven sunflower lines.

Area (%)
No. |RT Compound Formula | MW

APO41| APO42| APO43| APO44| APO45| BOH3 | H1733

Saturated fatty acids

1 17.653 | Myristic acid C,H280, | 228 0.1 0.1 0.1 - 0.1 0.1 0.1
2 |19.767 |Palmitic acid CH,O, [256 |97 [7.3* |84> [10.1* [10.0° [4.8' |66
3 |20.750 | Stearic acid CHOO, 284 |- 0.1 - - 0.1 - -
4 |20.747 |Margaric acid C,H, 0, [270 |0.1 - - - - 0.1 -
5 |21.687 |Stearic acid C,H,O, [284 570 |[56° [42° [38 |66 [55 |47
6 |23.450 |Arachidic acid C,H,O, [326 |04 |04 |03 |03 |05 |04 |03
7 |24.680 |9,10-Dihydroxystearic acid C,H,0O, [316 |06 - - - - - -
8 |25.077 |Behenicacid C,H,O, [3490 |09 |07 |07 |06 |08 |08 |07
9 |26.347 |Capric acid C,H,0, [172 |- - - - 0.2 - -
10 |26.583 | Lignoceric acid C,H,0, [368 |03 |02 |02 |03 |03 |02 |02
11 |30.533 | Melissic acid C,H,O, [466 |- - - - 0.1 - -

Monounsaturated fatty acids

12 [19.547 | Palmitoleic acid CH,0, [268 |02 |02 |02 |04 |04 |01 |-

13 |20.513 | Petroselinic acid C,H,0, [282 0.1 - 0.3 0.4 - - -

14 |20.517 |cis-10-Heptadecenoic acid C,H,O, [268 |- - - - 0.1 - -

15 |21.473 |Oleic acid C,H,0, (282 |- 55.4° |422° (386 |- 37.6° [322¢
16 |21.500 |Elaidic acid CH,0, (282 464 |- 12 |- 40.7° |- 0.8°
17 |21.500 |cis-Vaccenic acid C,H,0, [282 - - - 1.3 - 0.6° 3.2?
18 |21.777 |trans-2-Dodecenoic acid C,H,O, [198 |- 0.1 - - - - -

19 |23.223 |cis-11-Eicosenoic acid C,,H380, | 310 0.5 0.2 - - - 0.5 -

20 |24.270 |8-Octadecenoic acid C,H,0, [282 |- - 0.2 - - - -

21 |24.453 |7-Hexadecenoic acid C H O, [268 |0.2 - - - - 0.2 -

16~ 730 "2

Polyunsaturated fatty acids

22 |21.390 |Linoleic acid C,H,0, (280 |33.6% |[27.5° [37.1° [39.2° [324¢ |42.5 [39.8"
23 |22.753 | gamma-Linolenic acid C,H,0, [292 |03 - 0.2 - 0.1 0.1 -
24 |22.867 | Adrenic acid C,H,O, [332 |- - - - 0.1 - -
Sterols
25 |29.930 | Campesterol C,H,O [400 |- - - - 0.1 - -
26 |30.080 |Stigmasterol C,H,O [412 |- - - - 0.1 - -
27 [30.460 |gamma.-Sitosterol C,H, O |414 0.2 0.4 0.3 0.3 0.9 0.1 0.7
Hydrocarbons
28 |24.040 |Tetracosane. C,H, 338 |- - - - 0.4 - -
29 |24.613 |1,E-6,Z-11-Hexadecatriene C,H, 220 |0.1 0.3 - - - - 0.6
30 |24.613 | Cyclododecyne C,H, 164 |- - 0.6 0.7 - - -
31 |24.660 |1,19-Eicosadiene C, H 278 - 1.4 - - - - -

20" 38
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Table 2. (Continued).

32 |24.840 |Eicosane. C,H, 282 - - - - 1.5 - -
33 [27.070 | Hexatriacontane. CH, 506 - - - - 0.1 - -
34 [27.763 | Nonacosane C,H,, 408 - - - - 0.1 - -
35 [29.080 |Hentriacontane C, H, 436 - - - - 0.1 - -
Others
36 [22.763 | Citric acid, tributyl ester C,H,0, [360 |- - 0.3 - 0.2 0.1 -
37 |23.190 |Dipalmitin C,HO, |568 |- - - - - - 0.8
38 [23.667 fl’iifigijirjgethyl'undeca's’10’ C.H,0, [236 |- - 02 |- - - -
39 |23.733 | Phytol C,H,O [296 |- - - 02 |- - -
40 |24.223 | Glycerol 1-monolinolate C,H, O, [370 |- - - - - - 0.3
41 [24.270 |alpha.-Monoolein. C,H,O, [356 |- 0.1 - - - - -
1 | 24657 eB;:;noic acid 2,3-dihydroxypropyl cHO, 162 |- i 24 21 i i )
43 |24.663 | Cyclopentadecanone, 2-hydroxy-. C.,H,O, [240 |- - - - 1.5 - -
44 |29.277 |alpha.-Tocopherol C,H, O, [430 |- 0.2 - - 0.3 - -
45 |30.963 |Handianol C,H, O |[426 |- - - - 0.1 - -

The data have standard deviation in the range of 0.01 - 0.20; Different superscript letters in the same raw indicate significant difference
(p < 0.05). Values without superscript letters are significantly not different.

Oils were dominated by saturated, monounsaturated, and
polyunsaturated fatty acids. Other compounds, among
them a-tocopherol was only detected in lines APO42 and
APO45. Campesterol (0.1%), stigmasterol (0.1%), and
y-sitosterol (0.9%) were identified in line APO45. The
presence of phytosterols in sunflower seeds was found to
have a remarkable effect in reducing the cholesterol level
and risk of colon cancer as well as increasing the body
immunity (Smith et al., 2015).

Lines BOH3 (42.6%) and H1733 (39.8%) contained
slightly higher amount of polyunsaturated fatty acid
compounds while other lines had more monounsaturated
fatty acids (Fig. 1-a). Interestingly, line APO42 contained
2-fold higher content in monounsaturated fatty acids
than polyunsaturated ones. Also, lines APO41, APO45
and APO43 showed 1.4-, 1.3- and 1.2-fold higher
monounsaturated fatty acids than polyunsaturated ones
while the content in monounsaturated fatty acids (40.7%)
inline APO44 was slightly higher than the polyunsaturated
fatty acids (39.2 %) (Figure 1-a).

Four fatty acids namely, palmitic, stearic, oleic, and
linoleic acids are known as important constituents of
sunflower oil (Baydar and Erbas, 2005). However, the
distribution of these four fatty acids in the investigated
lines is summarized in Figure 1-b. It was clear that all the
seven lines contained a considerable amount of linoleic

acid, and it represented the major compound in lines
APO44 (39.2%), BOH3 (42.5%), and H1733 (39.8%).
Although it was in low concentration, the content in
palmitic and stearic acids was comparable in the majority
of the lines. However, the variation was remarkable in their
oleic acid content where the highest amount was observed
in line APO42 (55.4%) followed by lines APO43 (42.2%),
APO44 (38.6%), BOH3 (37.6%), and H1733 (32.2%),
respectively. Merwe and co-workers found that an increase
in temperature during seed development leads to an
increase of oleic acid content (Merwe et al. 2015). They
also noted a significant negative correlation between oleic
and linoleic acid percentage where a phenotype with low
oleic acid would essentially be high in linoleic acid. This
observation was also noted in the present study except
for line APO44 where its content in these two fatty acids
was not largely different. Furthermore, lines APO41 and
APO45 were completely devoid of oleic acid, instead, they
were dominated by elaidic acid (trans form of oleic acid)
(46.4% and 40.7% respectively). Overall, the percentage
content in major fatty acids varied according to sunflower
phenotypes (Fayyaz and Ahmad, 2003; Merwe et al., 2015).
Additionally, the presence of relatively low saturated fatty
acids and a high amount of unsaturated fatty acids in all
the seven investigated lines is an advantage. Dietary with
reduced saturated fatty acids and a moderate increase in
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Figure 1. a: Distribution of total fatty acids content in the oil
of the seeds of the seven sunflower lines. TSFA, total saturated
fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids. 1-b: Distribution of the major fatty
acids in the oil of the seven lines of sunflower.

mono- and poly-unsaturated fatty acids are recommended
in human nutrition in order to prevent many diseases,
especially cardiovascular ones (Naki¢ et al., 2006). In
fact, studies had shown that sunflower oil rich in oleic
acid had a positive impact on cardiovascular diseases risk
factors including glucose metabolism, the status of lipid
profile, and levels of blood pressure (Huth et al., 2015;
Vijayakumar et al., 2016). Furthermore, oleic acid has been
suggested to be associated with a low risk of breast cancer.
Evidence based on the studies of southern European
populations, whose nutritional habits to eat food rich in
oleic acid, showed oleic acid to be protective (Simonsen
et al., 1998). This was further supported by the study of
Menendez and co-workers who concluded that the gene
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(Her-2/neu (erbB-2)) expression, which participated in
the development of breast cancer, could be intimidated by
oleic acid (Menendez et al, 2005).

Additionally, an oil rich in oleic acid positively
contributed to its stability, as it resists the oxidative
degradation caused by exposure to high temperatures
(Belingheri et al., 2015). Thus, a high oleic acid sunflower
oil is more preferable for cooking including frying, refining
and storage process than that with lower oleic acid content
(Marmesat et al., 2012). On the other hand, an increased
level of elaidic acid was suggested to be associated with
a variety of cardiovascular diseases (Sun et al.,, 2007).
Furthermore, a recent study demonstrated that elaidic acid
enhances the metastasis of colorectal cancer cells (Ohmori
etal.,, 2017).

Furthermore, the health effects of linoleic acid are
controversial. Farvid and coworkers reported that data
analysis from 310,602 subjects showed that the group with
high dietary linoleic acid intake represented a reduced
risk of coronary heart diseases up to 15% when compared
to the group with lower linoleic acid intake (Farvid
et al, 2014). In contrast, Chowdhury and co-workers
(Chowdhury et al.,, 2014) and Ramsden and co-workers
(Ramsden et al., 2013) did not observe the beneficial effect
of linoleic acid as dietary supplements with regard to heart
diseases. Although some studies had associated dietary
linoleic acid with cancer development (Zock and Katan,
1998; Sauer et al., 2007), others suggested that only under
certain conditions it can be carcinogenic (Ip et al., 1985).
Nevertheless, in 2014, the Academy of Nutrition and
Dietetics summarized reports of the Dietary Guidelines
for America, American Heart Association and the WHO
emphasizing the intake of linoleic acid should not exceed
10% of energy, and it can improve cardiovascular health
(Vannice and Rasmussen, 2014).

3.3. Antioxidant activity of the oil

Extracts derived from plants contain antioxidant agents
that are capable to neutralize the harmful effects generated
by reactive oxygen species, and they are believed to
have insignificant side-effects (Guo et al, 2017). Six
complementary in vitro assays have been employed in
order to understand the different mechanisms of natural
antioxidants present in the seed oil of the seven new
sunflower lines. Oils exerted different antioxidant capacity
depending to the assay used (Table 3). They did not exhibit
any antiradicals activity against both DPPH and ABTS
radicles. However, all the seven lines showed considerable
metal reducing capacity; however, lines APO43 (53.31
mg TE/g), BOH3 (52.42 mg TE/g) and APO41 (50.68
mg TE/g) showed the highest Cu®* reducing activity with
no significant difference (p = 0.05). Line H1733 (43.45
mg TE/g) exerted significantly (p < 0.05) the highest
Fe** reducing capacity followed by lines BOH3 (29.90
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mg TE/g), APO43 (27.17 mg TE/g), and APO41 (26.11
mg TE/g) with no significant difference (p > 0.05). Only
3 lines, namely H1733, APO45, and APO43 showed
iron-chelating activities (12.13, 11.42, and 10.10 mg
EDTAE/g, with no significant difference (p > 0.05)). The
highest total antioxidant activity was obtained from lines
BOH3 (0.97 mmol TE/g) and APO43 (0.87 mmol TE/g).
Previous antioxidant activity studies on sunflower seeds
were carried out on the striped seed cotyledon by Guo et
al. (2017). They found that water extract exerted higher
antioxidant activity than the ethanolic one from the FRAP,
DPPH, and oxygen radical absorbance capacity assays.
Furthermore, it was reported that the antioxidant activity
of the seed could be due to the presence of enzymatic
antioxidants like catalase, glutathione reductase, guaiacol

peroxidase and glutathione dehydrogenase, phenolic
compounds including flavonoids, phenolic acids and
tocopherols, carotenoids, L-ascorbic acid, and peptides
(Guo et al., 2017).

3.4. Enzyme inhibition activity of the oil

The enzyme inhibition capacity of the oil extracted from the
seven sunflower seeds was evaluated against AChE, BChE,
tyrosinase, alpha-amylase, and alpha-glucosidase. Results
showed that all oils exerted weak or no enzyme inhibition
activity against all tested enzymes except tyrosinase
(Table 4). Line APO43 (10.62 mg KAE/g) revealed some
significant (p < 0.05) level of inhibitory activity against
tyrosinase followed by lines BOH3 (6.81 mg KAE/g) and
APO41 (5.18 mg KAE/g) with no significant difference (p >
0.05), and line APO42 showed the least activity (2.55+0.34

Table 3. Antioxidant activity of the oil extracted from the seeds of the seven sunflower lines.

Line DPPH ABTS CUPRAC FRAP MCA PBD
(mg TE*/g) (mg TE/g) (mg TE/g) (mg TE/g) (mg EDTAE**/g) (mmol TE/g)

APO41 na na 50.68+1.01* 26.11£0.81% na 0.77£0.01¢
APOA42 na na 45.35%1.61° 21.79£0.70< na 0.60+0.04"
APOA43 na na 53.31+0.74* 27.1740.46° 10.10+0.0°a 0.87+0.02°
APO44 na na 48.72+1.00* 19.98+0.92¢ na 0.69+0.01¢%
APO45 na na 44.49+1.33° 18.7840.10¢ 11.42+1.0% 0.63+0.01°¢
BOH3 na na 52.42+2.97° 29.90+0.86° na 0.97+0.01*
H1733 na na 49.37+2.72% 43.45+4.12° 12.13+1.7% 0.73+0.07<¢

DPPH: 2,2-diphenyl-1-picrylhydrazyl, ABTS: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), CUPRAC: cupric
ion reducing antioxidant capacity, FRAP: reducing power (ferric reducing antioxidant power, MCA: metal chelating

activity, PBD: Phosphomolybdenum .
"TEs, trolox equivalents.
" EDTAEs, disodium edetate equivalents.

Different superscript letters in the same column indicate significant difference (p < 0.05).

Table 4. Enzyme inhibition activity of the oil extracted from the seeds of the seven sunflower lines.

Line AchE inhibition BchE inhibition Tyrosinase inhibition | a-amylase inhibition | a-glucosidase inhibition
(mg GALAE*/g) (mg GALAE/g) (mg KAE*/g) (mmol ACAE***/g) (mmol ACAE/g)

APO41 0.7610.02:* 0.90+0.01* 5.18+0.68° 0.50+0.01* na

APO42 0.65+0.04¢ 0.76+0.04" 2.55+0.34¢ 0.10+0.01° 0.44+0.01°

APO43 0.79+0.01® 0.88+0.03 10.62+1.63° 0.25+0.01°¢ 0.44+0.01°

APO44 0.67+0.01< 0.65+0.06 na 0.13+0.01¢ 0.43+0.01°

APO45 0.72+0.04° 0.52+0.07° na 0.07+0.01¢ 0.44+0.01°

BOH3 0.77+0.07 0.87+0.10% 6.81£1.37° 0.39+0.01° na

H1733 0.83+0.03° 0.95+0.02° na 0.05+0.01¢ na

* GALAEs, galanthamine equivalents.

** KAEs, kojic acid equivalents.
*** ACEs, acarbose equivalents.

Different superscript letters in the same column indicate significant difference (p < 0.05); na, not active.

771



772

ABDALLA et al. / Turk ] Bot

Kitap21.M1 (PLS) X
Colored according to model terms v
A
| @Ache
03
c
i c2s@can ®
@nvca FRAP@
c22
02 P @cs ®
c17
1 ®css 3@ @peD
@c2o @c31 BChe@
017 cas ocs Ocis c39@c20 cz1.cb
a s
g cauc.agcsa oc: ..Amylase CUPRAC
3 . 9 @cio
0 (a3 fyrosinas
0,1
: c44
® @cio @cs
@c: oc 2@ o ®cis
-0,2
1 Glucosidas@ 18
2@ 232@ @c4o
03 : ! . : 8 T : ! : . ! . ! . 1 : ! — -
-0,25 02 -0,15 -0,1 -0,05 0 0,05 0,1 015 02
w*c[1]
R2x[1] = 0,375 R2x[2] = 0,15 )
SIMCA 14.1 - 5.04.2021 11:12:55 (UTC+3)
(a)
Kitap21.M1 (PLS) W croup 1
Colored according to marked groups W roup 2
.Group 3
A N _
a il | B —
& // o
6
2
@+H1733
27 @~P045
‘/ A|>o41..BOH3 \
[ @rroa3 ]
l\ /
\
-2
- APO42@ @Ar044
-6
/
-8 S — o
-10 T T T T T T T Lol
-15 -10 -5 0 5 10

R2x[1] = 0,375

R2X[2] = 0,15

(b)

Ellipse: Hotelling's T2 (95%)

SIMCA 14.1 - 5.04.2021 17:38:10 (UTC+3)

Figure 2. (a) Relationship between chemical compounds and biological activities through PLS analysis. (b) Cluster
analysis based on chemical compounds and biological activities through PLS analysis (for the compound number see
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mg KAE/g). Other lines did not exert any inhibition
against tyrosinase. It's worth to mention that this was the
first detailed evaluation of the enzyme inhibitory capacity
of the sunflower oil. By comparing these results with
previous ones obtained from the seed methanolic extract
of the same sunflower lines, it was clear that the oil exerted
low enzyme inhibitory potential (Abdalla et al. 2021).
Moreover, a previous study was performed on the acetone
extract of the seed to evaluate its property as a-amylase and
a-glucosidase inhibitors (Sonkamble et al., 2018). Their
results showed that the highest a-amylase (60.42+0.6%)
and a-glucosidase (83.22 + 0.18 %) inhibitory activity was
obtained at a concentration of 0.01 mg of acetone extract.

3.5. Statistical evaluation

To determine the connection between the tested oils,
multivariate analysis was performed for the tested
oils. Firstly, the possible relation between the chemical
components in the tested oils and biological activities
was investigated. Figure 2a showed the interpretation
of the relationships between chemical components
and biological activities. Clearly, most of the biological
activities (reducing power, phosphomolybdenum, AChE,
BChE, amylase, and tyrosinase) were closely linked to
several compounds, especially linoleic acid. However,
the metal chelating ability was not directly linked to the
chemical components. In this sense, the observed metal
chelating ability might be due to the presence of other
chelator agents such as peptides or sulfides. As another
activity, observed glucosidase inhibitory effects may be
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