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Abstract

Nineteen Tunisian onion genotypes were characterized based on phytochemical composition,
sugar content, and antioxidant activity. The studied onions showed a great diversity on biochemical
contents and composition. It seemed that there were differences between genotype categories (local
landraces or local breeding lines) and within the same category. Quercetin and quinic acid were,
respectively, the main flavonoid (flavonol) and organic acid (cyclitol) identified and quantified by HPLC.
In all studied onions, quercetin was the predominant flavonoid, with the highest content in the local
breeding line OP2-w (1142.19 mg 100 g' DW). OP3-w showed the highest value of total phenolic as
well as total flavonoid content at 12.52 mg GAE g' DW and 48.28 RE g' DW respectively. Fructose
and sucrose were the most abundant sugars in all the genotypes. Clustering and PCA analysis showed
a great dispersion of these genotypes which were classified into 3 major groups. The chemical and
nutritional composition found highlights the great value of this onion germplasm which can be used for

the sustainable conservation and management of Tunisian onion genetic resources.
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Introduction

Onion (Allium cepa L., 2n = 2x = 16) is a
morphologically diverse and an outcrossing crop of
economic importance that belongs to the genus Allium
in Alliaceae family. It is one of the most important
vegetable crops worldwide, with an annual production
of 100 million tons of dry bulbs [1].

This crop is recognized as a neccessary component
of the Mediterranean diet and it is consumed in almost
all savory dishes. In addition, this vegetable is a worthy
natural source of bioactive compounds which provide
multiple health benefits since it is anti-allergic [2], anti-
cancerous [3], and provides cardiovascular support
[4, 5]. Quercetin is the major flavonoid compound in
onion bulbs, representing more than 95% of the total
flavonoids [6, 7].

Quercetin has an important antioxidant property,
is a free radical scavenger and has a good effect
on human health [6], due to its anti-inflammatory
activity, antihistamine effect, anti-allergy, anticancer
and antivirus activities [8]. The onion bulb is one
of the crops that contain high levels of quercetin.
As well, onion is a good source of carbohydrates that
represent about 80% of the dry weight of the onion
bulb. The main carbohydrates include glucose, fructose,
sucrose, and low-weight fructo-oligosaccharides (FOS)
[9]. Onion FOS include inulin, kestose, nystose, and
fructo-furanosylnystose. These compounds have
prebiotic effects that enhance health and well-being
[10].

In Tunisia, the onion crop is facing many problems
such as the lack of quality of seeds which have led
to a low country-wide production of 188,473 tons [1].
Indeed, most farmers use their self-regenerated onion
seeds. Under intensive modern agriculture, growers tend
to abandon local landraces [11, 12]. In consequence, the
Tunisian onion is threatened by genetic erosion and
biodiversity loss. Therefore, preserving our genetic
resources is very important to conserve and regenerate
onions in Tunisia.

Onion is considered as a healthy food that provides
health benefits, including prevention of diseases which
has attracted the attention of consumers. The selection
of food plants with a high content of nutraceuticals is
one of the research fields directed to disease prevention
rather than cure [13, 14].

In front of the enormous demand of onion for
consumption and medical purpose it has become a
serious necessity to breeding new cultivars with high
productivity and a good quality for specific production
areas [14].

In Tunisia, there are no published data about the
chemical composition of onion landraces collected from
different regions of the country. The characterization
of onion genotypes was still scarce. For this purpose,
this research aimed to characterize onion genotypes
(local breeding lines and local landraces) for the main
quality parameters (sugars, ascorbic acid, flavonoids,

polyphenols and antioxidant activity) specially to
identify and quantify the phenolic compounds in order
to understand their bioactivities such as antioxidant
potentialities for further applications and also for
the identification of promising genotypes. This
characterization will be useful for the sustainable
conservation and management of Tunisian onion genetic
resources.

Experimental
Plant Material

Nineteen Tunisian onion genotypes, made up
of 11 local landraces and 8 local breeding lines, were
evaluated (Table 1). Landraces were collected as
seeds from local farmers in the arid region of South
Tunisia and 8 local breeding lines were selected
in the Regional Research Center on Horticulture
and Organic Agriculture (CRRHAB, Chott-Mariem,
Tunisia) by Dr. Rafika Sta-Baba. The onion seeds
were sown in mid-October in the arid region at the
Experimental Station of Arid Lands of Chenchou,
Tunisia (latitude 33°61°22°N, longitude 10°23°47”’E).
The soil of the experimental field was sandy.
The crop was irrigated with a drip-irrigation system.
Fertilization was carried out according to the need
and recommendations for the crop. Weeds were
controlled manually throughout the season. The onion
plantlets were transplanted to the field in February
in a randomized complete block design (RCBD) with
three replications, the unit plot size was 3 x 2 m?
spaced 15 cm between rows and 10 cm between plants.
Bulb harvest took place from July to August, whenever
50% of the leafy tops of each genotype fell over.
Onion bulbs were divided into three batch samples for
further morphological, phytochemical, and nutritional
analyses.

Preparation of Extracts

Ten fresh onion bulbs from each genotype were
sliced and air dried at 40°C for five consecutive days
until a constant weight was reached. The resulting onion
dry matter was then ground into powder. The powdered
samples were conserved in a sealed plastic bottles at
-20°C until analysis

Phenolic compounds were extracted as reported
by Santas et al. [15] with some minor modifications.
Onion powder (5g) was dissolved in 50 ml of methanol.
After mixing well, the extract was placed in a room
temperature of 30°C for one night. The centrifugation
of samples was done at 3000 rpm for 15 min.
The supernatant was recovered and the extract was
filtered through Whatman no.l filter paper. Extracts
were preserved in the dark at —20°C until further
analysis. These extracts were used to determine total
phenolics, total flavonoids and phenolic compounds
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Table. 1. Onion local landraces and local breeding lines used in our study; original geographical localities and skin color.

Code Skin Color Origin Latitude Longitude
LLI-r Red Kelwamen, Kebeli 33°12’ 8°84°
LL2-r Red Chouba, Gafsa 34°43° 8°77
LL3-r Red Chenchou, Gabes 33°53° 9°53
LL4-p Purple Chenchou, Gabes 33953’ 9°53
LLS-p Purple Ghannouch, Gabes 33°56’ 10°03’
Laﬁgf;les LL6-p Purple Gabes 33°88° 10°05°
LL7-p Purple Gabes 33988’ 10°05°
LL8-y Yellow Katana, Gabes 33°88° 10°05°
LL9-w White Mzaraa Naji, Kebili 33°12° 8°84°
LL10-w White Tozeur 33°92 8°12’
LL11-w White Sidi Bouzid 35°03° 9°48’
BLI1-r Red CRRHAB 35282’ 10°60°
BL2-y Yellow CRRHAB 35082 10°60°
BL3-y Yellow CRRHAB 35082 10°60°
Local BL4-w White CRRHAB 35082 10°60°
Breeding
Lines BL5-w White CRRHAB 35082’ 10°60°
OPl1-y Yellow Open pollinated CRRHAB 35082’ 10°60°
OP2-w White Open pollinated CRRHAB 35982’ 10°60°
OP3-w White Open pollinated CRRHAB 35°82° 10°60°
by LC-MS-2020 (Liquid Chromatography-Mass Determination of Total Flavonoid Content

Spectrometry UFLC XR system).
Chemicals and Reagents

HPLC grade methanol, formic acid, gallic acid
and Folin-Ciocalteu reagent were obtained from
Sigma Chemical Co. (St. Louis, MO, USA). Chemical
standards (quinic acid, salviolinic acid, protocatechuic
acid, p-coumaric acid, trans-ferulic acid, cirsiliol,
quercetin, luteolin, glucose, fructose and sucrose) were
boreyht from Sigma Chemical Co. (St. Louis, MO,
USA).

Determination of Total Phenolic Content (TPC)

For the TPC, samples were extracted in triplicate
according to Elfalleh et al. [16]. 0.5 ml of methanolic
solution was mingled with 0.5 ml of Folin-Ciocalteu
(Sigma Chemical, Co, St-Louis, MO, USA) and 4 ml
of sodium carbonate solution 1M. The mixtures were
incubated for 90 min in darkness at room temperature.
Then the absorbance was measured at 765 nm using
a UV spectrophotometer (Tecan Infininte M200,
Mainnedorf, Switzerland). The results were expressed
as mg Gallic acid equivalents per g of dry weight
(mg GAE g! DW).

(TFC)

The TFC in the extracts was determined
spectrophotometrically according to Elfalleh et al. [16].
Rutin (Sigma Chemical, Co, St-Louis, MO, USA) was
used to make a calibration curve. 1 ml of methanolic
extract was added to 1 ml of 2% AICI3 (Sigma Chemical
Co., St Louis, MO, USA) methanolic solution. The
mixture was incubated for 15 min at room temperature.
The absorbance against a blank was measured at 430 nm
using a visible UV spectrophotometer (Tecan Infininte
M200, Mannedorf, Switzerland). The flavonoids content
was reported as mg of rutin equivalents per g dry
weight (mg RE g!' DW).

HPLC Analysis of Flavonoids
and Phenolic Acids

The polyphenol extracts were filtered through
a 0.45 um filter syringe before injection into the HPLC
system and injected into Shimadzu UFLC XR system
(Kyoto, Japan). The phenolic compounds were separated
by using an LC-MS-2020 equipped with an electrospray
ionization source (ESI). An Aquasil CI18 column
(250 x 4.0 mm L.D., particle size 5 um) was utilized
for analysis. The column temperature was set at 40°C
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and the injection volume was 5 ul with a flow rate
of 0.4 ml/min. Water/formic acid (0.1%) and methanol/
formic acid (0.1%) were used as mobile phases A and B,
respectively. The analysis was performed using a linear
gradient programmed as follows: 0-14 min, from 10%
to 20% B; 14-27 min, from 20% to 55% B; 27-37 min,
from 55 % to 100 % B; 37-45 min, 100% B; 45-50 min
10%B. High-purity nitrogen was used as the nebulizer
and auxiliary gas. The mass spectrometer was operated
in negative ion mode with a nebulizing gas flow of
1.5 L/min, a dry gas flow rate of 15 L/min, a dissolving
line temperature of 280°C and a block source
temperature of 450°C.

Determination of ABTS Radical Scavenging
Activity

The antioxidant activity was determined by ABTS
(2,2'-Azinobis-(3-Ethylbenzthiazolin-6-Sulfonic  Acid))
following the procedure by Re et al. [17]. Briefly, ABTS
solution (7 mM) and the potassium persulfate (2.45 mM)
were mingled at room temperature for 12 h in dark.
This solution was then diluted with methanol to set the
initial absorbance of 0.70+0.02 at 734 nm. The ABTS
diluted solution (3 ml) was mixed with 30 pl of blank,
samples were mixed and the absorbance was read
at 734 nm for 6 min using a spectrophotometer.
The results were expressed in pumol Equivalence Trolox
(umol TE 100 g' DW).

Ascorbic Acid Analysis by LC-ESI-MS

Ascorbic acid content was determined by the
liquid chromatographic method [18]. Ten grams of
onion bulb were blended and mixed with 50 ml of 2%
metaphosphoric acid and then filtered. The extracts’
solutions were excited for 15 min and filtered through
a 0.45 pum filter syringe for HPLC analysis. The extract
was studied using an LC-MS-2020 mass spectrometer
(Shimadzu, Kyoto, Japan).

Sugars Sugar Analysis by HPLC

Sugars were studied according to Sharma et al. [19]
with little bit modifications. Approximately 5 g of dry
samples were mixed with 50 ml of 80% ethanol and
refluxed for 1h. The mixture was then filtered through
a Whatman No. 4 filter and readjusted to 50 ml with
80% ethanol. The resulting extracts were evaporated at
50°C. These concentrated extracts were immediately
diluted with 10 ml of water and then stored at -20°C
until used for analysis.

Carbohydrates proportion of the dry weight
of onion bulbs (mg g' DW) were determined by
HPLC (Shimadzu — Japan). The mobile phase was
acetonitrile-water (85:15; v/v) at 0.4 mL /min flow rate.
The column temperature AQUASIL CI18-HL column
(150 mm x 3 mm, 3 um particle sizes) was maintained
at 40°C. The analysis was done by using a Shimadzu

UFLC XR series chromatograph with an LC-20 AD
XR manual injector. Chromatograms were integrated
using the Shimadzu Lab solutions software. Assays
were performed in triplicate. The retention times were
compared to external standards solution of glucose,
fructose and sucrose (Sigma Chemical Co., St Louis,
MO, USA).

Statistical Analysis

For each onion genotype, the mean and standard
deviation of each evaluated parameter (n = 3) was
calculated. For the statistical analysis, the mean
values of each parameter were used for the analysis
of variance. Means were separated using the Tukey’s
b test (p<0.05). SPSS for Windows (Version 20)
was used to perform data analysis. Multivariate
relationships among genotypes were revealed by Xlstat
2019 software, via a principal component analysis
(PCA) by using a correlation matrix derived from
the significant traits after the analysis of variance.
Agglomerative Hierarchical Cluster analysis (HCA) was
used to determine differences and similarities among
onion genotypes, and the distance measure used was
Euclidean distance computed between each population
by the Ward method.

Results and Discussion
Total Phenolic and Flavonoid Contents

High variation was observed within and among the
19 Tunisian onion genotypes for the TPC and the TFC
of bulb extracts (Table 2). The TPC ranged from 2.64
to 9.23 mg GAE g' DW for local landraces and 4.83 to
12.52 mg GAE g' DW for local breeding lines. Among
the onion genotypes, the highest TPC was found in
the local breeding line OP3-W (white onion, 12.52 mg
GAE g' DW). It seems that selection strategies carried
out by breeders of CRRHAB aiming at high yield and
good ability for storage enhanced the phytochemical
composition and quality of onion.

For the local landraces, the highest TPC was found
in LLI-r (red onion, 9.23 mg GAE g' DW). The lowest
value in LL10-w (white onion, 2.64 mg GAE g' DW).
For local landraces, the red onion had a higher TPC
than the violet, yellow and white onions. The results
were compatible with a previous studies of varieties
of onion with different colors (red, violet, white and
green) [20, 21]. Besides, Lachman et al. [22] found that
red onion had the highest amount of total polyphenol
content, the white onion had the lowest amount while
yellow onion had an average content of total polyphenol
content. Results from TPC values revealed substantial
variation among onion bulbs. According to Bibi et al.
[23], various environmental factors (air, water, soil,
temperature, precipitation, altitude), genetic variation
between different genotypes or within individuals of the
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Table 2. Bioactive compounds and antioxidant activity evaluated in onion genotypes.

TPC TFC ascorbic acid ABTS
(mg GAE/ g DW) (mg of RE/g DW) (mg/100g FW) (umol TE/g)
LL1-r 9.23+0.05b 37.58+1.23b 6.84+0.14b 13.25+0.36a
LL2-r 2.97+0.18;j 9.54+0.34;j 1.90+0.05k 10.80+0.59b
LL3-r 5.13+0.02¢ 21.35+0.81f 3.1840.07g 8.74+0.77c
LL4-p 4.31+0.06g 13.92+0.19i 2.46+0.06i 9.95+0.64b
LL5-p 3.274+0.151 12.26+0.521 3.46+0.02¢g 6.44+0.19d
larl;c(l)rcaacles LL6-p 4.07+£0.04h 10.53+0.23; 1.84:0.05k 14.19+0.23a
LL7-p 4.71+0.15g 19.90+0.92¢ 2.04+0.08k 10.43+0.98b
LL8-y 3.7240.13h 14.42+0.08h 8.50£0.11a 13.28+0.16a
LL9-w 6.08+0.26d 19.66+0,87g 2.894+0.05h 9.79£1,50b
LL10-w 2.64+0.09j 10.30+0.29j 3.18+0.07g 10.70+0.08b
LLI1-w 3.50+0.13i 10.08+0.25j 3.45+0.07g 13.28+0.15a

Mean 451 16.32 3.61 10.99
BLI-r 4.88+0.04f 22.81+£0.17f 5.1540.04d 12.29+0.65a
BL2-y 5.55+0.23¢ 12.58+0.26h 2.58+0.01i 6.02+0.94d
BL3-y 6.02+0.23d 28.44+0.62d 5.8420.14c 7.17£0.19¢
Local BL4-w 8.33+0.04¢ 31.55+0.50¢ 4.15+0.05f 5.42+0.12d

Breeding

lines BL5-w 6.06+0.02d 26.55+0.06¢ 4.71+0.26¢ 12.82+1.19a
OPl-y 5.25+0.1e 20.48+1.32¢g 2.23+40.05j 4.45+0.18d
OP2-w 4.83+0.14f 13.45+0.16h 3.46+0.02¢g 10.33+1.78b
OP3-w 12.5240.19a 48.28+0.10a 5.84+0.05¢ 12.63+0.88a

Mean 6.68 25.52 4.25 8.89

For each column, means followed by different letters are significantly different (Tukey b test, p<0.05).

same genotype are leading to a great influence on plant
secondary metabolites contents and their synthetic
bioactive potential.

The TFC in local landraces and local breeding lines
varied significantly among genotypes ranging from 9.54
to 37.58 mg of RE g' DW and from 12.58 to 48.28 mg
RE g' DW, respectively (Table 2). These results were
in accordance with the findings of Benitez et al. [24]
who reported that TF content fluctuated between
7-43.1 mg GAE g' DW. For the local breeding lines, the
highest level of TF content (48.28 mg of RE g' DW)
was observed for the OP3-w while the lowest (12.58 mg
of RE g' DW) was in the BL2-y.

For the local landraces, TFC oscillated between
9.54 mg of RE g DW in LL2-r (red onion collected from
the arid inferior climate stage) to 37.58 mg of RE g’
DW in LLI-r (red onion collected from the Saharian
superior stage). In our study, colored onion (red and
violet) had higher amounts than yellow and white
onions. Pérez-Gregorio et al. [14] reported that red
onion cultivars have higher flavonoid content than
white onions. Many studies have reported that flavonoid

content depends widely on the genotype, bulb size,
agricultural technique and day length sensitivity [14,
25, 26]. Onion is one of the most important sources of
flavonoids that provide a protective effect on human
health.

Antioxidant Activity

Onion genotypes showed significant antioxidant
activities (p<0.05). Local landraces had higher
antioxidant potential than the local breeding lines, by
the ABTS method (Table 2). For the local breeding
lines, the ABTS content varied from a maximum
of 12.82 uymol TE g' in BL5-w to a minimum of
4.45 umol TE g! in OP1-y.

For the local landraces, the red genotype LL6-r had
significantly higher ABTS content 14.19 pmol TE g,
whereas LL5-p showed the lowest ABTS content
(6.44 pmol TE g'). Previous studies [6, 27] reported
that red onion bulbs have a higher antioxidant capacity
than yellow and white onion, which is in accordance
with our findings. Antioxidant activity may be affected
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by the presence of other compounds such as sulfur
compounds and gallic acid, among others, which were
not included in this research. Rodrigues et al. [28] in
Portugal reported that levels of antioxidant activity in
local red and white onions varied significantly between
seasons. The content of flavonoids will directly affect
the TPC and TAC values of samples. The method of
extracting polyphenols from plant materials is also an
important factor for the determination of antioxidant
activity [15]. Tan et al. [29] showed that the antioxidant
capacity in many plants can be attributed to their levels
of phenolic compounds.

Based on the results obtained, we can deduce that
local landraces are a good source of phenolics with
high antioxidant capacities, and that strategies should
be developed to conserve and valorize these local
landraces.

HPLC Analysis of Phenolic Acids
and Flavonoids

Significant  differences for the polyphenol
compounds among the local breeding lines and local
onion landraces were found (Table 3, Fig. Sl). Five
free phenolic acids (quinic, protocatechuic, p-coumaric,
trans-ferulic, and salviolinic acid) and three flavonoids
(quercetin, luteolin, and cirsiliol) were quantified by
the LC-ESI-MS method (Table 3). For all genotypes,
the most abundant phenols were quercetin, quinic acid
and protocatechuic acid, whereas luteolin was the least
abundant phenolic compound with low concentrations
(0.05 to 3.73 mg 100 g' of extract).

As illustrated in Table 3, quercetin is the major
flavonoid in local landraces and local breeding lines with
a concentration of about 73.51 to 687.14 mg 100 g' DW
and 12.51 to 1142.19 mg 100 g' DW, respectively.
These findings are higher than the results reported by
Liguori et al. [30] for onions of the Mediterranean area.
The highest values of this parameter were obtained
by Kwak et al. [31] who studied quercetin content
in three red onion cvs which varied from 32.21 to
12792 mg g' DW. The quercetin content variability
may be influenced by the genetic background [32], bulb
size and bulb weight [33]. Also, this variability can
be related to environmental factors and geographical
origin.

Other flavonoids were detected in our study,
such cirsiliol and luteolin but at minor concentrations
(Fig. S1), fluctuating between 0.04 and 15.91 mg 100 g
DW. Quinic acid, an intermediate in plant phenolics
biosynthesis, was the second important phenol with
concentrations which ranged from 72.19 to 282.39 mg
100 g' DW in the local landraces LL3-r and LL9-w,
respectively. Simin et al. [34] found that this compound
varied from 551.1 to 1132 pg g' DW in bulb and aerial
part extracts of 4. flavum. Among hydroxybenzoic
acids, we found that protocatechuic acid accounted
for 7.2-136.66 mg 100 g' DW. These findings

were similar to those found by Prakash et al. [20]
(3.1-138 pg g") in India. Salivonic acid was also present
but in lower amounts.

We also found that the dominant hydroxycinnamic
acid was p-coumaric acid, with concentrations
ranging between 3.18-29.5 mg 100 g' DW followed by
-transferulic acid, ranging between 0.82-23.18 mg 100 g'!
DW. For comparison, Liguori et al. [30] found that
the concentration of p-coumaric acid accounted for
17.3-33 mg 100 g' DW. These metabolites play an
important role in health benefits and can replace
synthetic antioxidants, so that consuming onion would
be beneficial [35].

For the quantified ascorbic acid content (Table 2),
the local landrace of yellow color LL8-y showed the
highest value (8.5 mg 100 g' FW) whereas the purple
genotype LL6-p showed the lowest values (1.84 mg
100 g' FW). For the local breeding lines, the highest
vitamin C concentration was found in BL3-y (5.84 mg
100 g' FW) followed by LLI1-r (6.84 mg 100 g' FW),
while OP1-y showed the lowest value (2.23 mg 100 g’
FW). The results presented in this study fell well within
the published range for ascorbic acid content in onion
bulbs, which was reported to vary from 1.68 mg 100 g’!
[36] to 8.4 mg 100 g' FW [7]. Lester [37] reported
that ascorbic acid contributes significantly to the onion
size. In our study, yellow onions showed the highest
ascorbic acid content. However, Gorinstein et al.
[38] showed that ascorbic acid content in red onion
is higher than yellow and white onion bulbs. The
variability in ascorbic acid among onion bulbs can be
attributed to climatic conditions or soil type, which
can influence the genetic information of the onion
genotypes.

Fructose, glucose and sucrose were found in all
the genotypes with significant differences (Table 4).
Fructose was the predominant sugar in almost
all of the samples, followed by sucrose and glucose.
The local landrace LL4-p had the highest total sugar
content 267.04 mg ¢! DW (103.11 mg g' DW fructose,
77.96 mg g' DW glucose and 85.97 mg g' DW sucrose)
followed by the local breeding line BL3-w with
24436 mg g' DW (156.33 mg g' DW fructose,
69.42 mg g' DW glucose and 18.61 mg g' DW sucrose).
These values were in accordance with the results
mentioned by Benitez et al. [39]. In a study on a local
Greek cv of onion, Petropoulos et al. [25] reported
that sugar composition may be mainly due to the
genotype. Besides, the onions sugars composition plays
an important role, to determine their intended use.
In this context, Randle and Lancaster [40] proved
that onions with high DMC (>15%) and low levels
of reducing sugars are appropriate conditions to
long storage. Petropoulos et al. [25] proved that
onion sweetness is closely related to TSS and sugars
composition. Sugars are responsible for the sweet
sensation of foods.
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Table 4. Sugars content of the studied onion genotypes determined by HPLC analysis.

Fructose Glucose Sucrose Total
(mg /g DW) (mg /g DW) (mg /g DW)

LL1-r 85.92+0.20h 55.02+0.18d 100.42+0.58a 241.36

LL2-r 42.90+0.080 16.33+0.051 58.98+0.26f 118.21

LL3-r 36.26+0.83p 15.97+0.101 61.83+0.18¢ 114.06
LL4-p 103.11+0.62¢ 77.96+0.28b 85.97+0.37b 267.04

LL5-p 62.21+0.421 18.26:+0.58k 73.52+0.61d 153.98

Local landraces LL6-p 44.24+0.100 11.06+£0.05m 32.36+0.07j 87.66
LL7-p 74.94+0.15j 37.16+0.47¢ 26.45+0.08k 138.55
LL8-y 89.02+0.39¢ 46.35+1.17¢ 57.63+0.95f 193.00

LL9-w 70.71+0.4k 29.07+0.38i 53.30+0.51g 153.08
LL10-w 79.8240.171 70.35+0.18¢ 79.7240.15¢ 229.89

LL11-w 48.72+0.47n 16.12+0.081 30.14+0.505 94.98
Mean 67.08 35.79 60.03 162.89
BLI-r 112.30+0.25b 46.76+0.31¢ 41.03£0.17h 200.09

BL2-y 92.73+0.21f 84.39+0.04a 53.61+1.71g 230.73

BL3-y 55.53+0.55m 19.77+0.10k 24.35+0.06k 99.65

Local Breeding BL4-w 56.75+0.14m 24.90+0.05j 63.48+0.39%¢ 145.13
lines BL5-w 156.330.53a 69.42+0.09¢ 18.610.251 244.36
OPl-y 97.72+0.35¢ 34.09+0.19h 36.91+0.71i 168.72
OP2-w 100.06+0.15d 42.31+0.02f 35.89+0.49i 178.26
OP3-w 110.61+0.02 b 76.46+0.62b 21.654+0.421 208.72
Mean 97.75 49.76 36.94 184.46

For each column, means followed by different letters are significantly different (7ukey b test, p<0.05).

Cluster and Principal Component Analyses

Multicriteria analysis via PCA coupled with
hierarchical cluster analysis was used in several studies
as a performing tool of classification regarding the
different phenotypic, biochemical and molecular assets
to fix the most discriminant parameters and to identify
the similarities existing among the studied genotypes
[41, 42].

In this study, both multicriteria analysis were
computed via Pearson correlations approach between
the assessed traits. Overall, significant positive
correlations were obtained between fructose Vs quinic
acid (r = 0.652), protocatechuic acid (r = 0.668),
p-coumaric acid (r = 0.698), transfrulic acid (0.649),
quercetin (r = 0.518), and glucose (r = 0,769); between
glucose Vs quinic acid (r = 0.517) and protocatechuic
acid (r = 0.657) and between ascorbic acid Vs flavonoids
content (r = 0532). Otherwise, the sole significant
negative correlation was registered between sucrose Vs
transfrulic acid (r = -0.556).

Concerning the PCA analysis performed on the

biochemical data, the first two main components (PC)
comprised about a half of the variability existing in the
analyzed genotypes (Table 5, Fig. la). PC-1 explains
36.05% of the total variability. The most important
traits related to this axis were: quercetin, quinic acid,
protocatechiuc acid, p-coumaric acid and trans-ferulic
acid, representing the phenolic compounds. The most
important traits of PC-2, which explains 15.33% of
the total variation, were TPC, TFC and ascorbic acid,
representing the bioactive compounds. Fructose,
glucose and sucrose were the most important traits in
PC-3, representing the sugars content.

The dendrogram (Fig. 1b) clustered onion
genotypes into three main groups based on quinic acid,
protocatechuic acid, p-coumaric acid, trans-ferulic acid,
quercetin, TFC, TPC, ascorbic acid, fructose, glucose
and sucrose. The 1st cluster containing 10 genotypes,
namely LL2-r, LL3-r, LL10-w, BLI1-r, OPl-y, LL5-p,
BL3-y, LL7-p, BL4-w and LLIl-r), this cluster was
characterized by the highest concentrations of sucrose
and low concentrations of polyphenol compounds.
The 2nd cluster comprised three white breeding lines,
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Table 5. Principle component analysis of onion traits studied

PC-1 PC-2 PC-3
Explained proportion of variation (%) 36.05 15.33 11.33
Cumulative proportion of variation (%) 36.05 51.38 62.71
Trait Eigenvectors
Quinic acid 0.702 0.215 0.338
Protocatechuic acid 0.909 -0.116 0.024
p - coumaric acid 0.838 -0.422 0.019
Trans ferulic acid 0.815 -0.389 -0.185
Salionilic acid -0.346 0.138 0.006
Quercetin 0.850 -0.294 -0.130
Cirsiliol 0.066 -0.289 0.247
Luteolin 0.069 -0.167 -0.458
TFC 0.399 0.819 -0.284
TPC 0.473 0.745 -0.224
Fructose 0.840 0.061 0.311
Glucose 0.663 0.221 0.525
Sucrose -0.338 0.256 0.571
ABTS 0.330 -0.122 -0.395
Ascorbic Acid 0.349 0.579 -0.186
a) Biplot (axes F1 et F2 : 51.39 %) b) Hierachical ascending Classification
3 1
LL9-w |
23 e LL8-y !
flayonoids |SEEEM BL2-y —é—
s | Polyphenols LLII1-w | !
- ascorbic acid LL6-p i
1 sy B OP3-w i
§ Glucose BL5-w \
o Su LL9-w/ o :
- 05 Salviolnie acid ' | duinieacid OP2-w E-
g - - Fructose LL3-r !
2 - LL2-r i
s ] qprotocatchuic acid LL10-w i
. quuercetin - BL3-y i
B trans frulic acid LL5-p !
p-coumaric acid OPl-y !
15 BLI-r !
oP2w BL4-w |
2 LL7-p |
2 -15 -1 0.5 0 05 1 15 2 25 3 LL1-r !
F1 (36.06%) : : : :
0 5 10 15 20

Fig. 1. PCA biplot a) and Hierarchical ascending classification b) of onion genotypes. Onion genotypes were clustered into three main
groups based on Quinic acid, Protocatchuic acid, p-coumaric acid, 7rans ferulic acid, Quercetin, TFC, TPC, Ascorbic acid, Fructose,
Glucose and Sucrose. The 1* cluster containing 10 genotypes (LL2-r, LL3-r, LL10-w, BL1-r, OP1-y, LL5-p, BL3-y, LL7-p, BL4-w and
LL1-r). The 2" cluster comprised of three genotypes BL5-w, OP3-w and OP2-w, the white local breeding lines. The 3™ cluster comprised
of genotypes LL6-p, LL11-w, LL8-y, LL9-w, LL4-p and BL2-y.

BL5-w, OP3-w and OP2-w, which are characterized phenolic content. This cluster represents a good source
by the richest content of quinic, protocatechuic and of bioactive compounds and a nutritional quality that
p-coumaric acids, quercetin, total flavonoid and can enhance health and well-being. The 3% cluster
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comprised of six genotypes (LL6-p, LL11-w, LLS8-y,
LL9-w, LL4-p and BL2-y) which are characterized by
low concentrations of ascorbic acid, total phenolic and
flavonoid content. This cluster is also characterized by
intermediate concentrations of quercetin, quinic acid,
protocatechiuc acid, p-coumaric acid and trans-ferulic
acid. So, the breeding lines BL5-w, OP3-w and OP2-w
could be selected as the best genotypes for further
onion breeding program to obtain hybrids.

The diversity in chemical and nutritional composition
found here highlights the great value of this onion
germplasm. This diversity, especially from the three
main onion clusters, shows that some genotypes are
featured with several phytochemical characteristics and
seem to have a high potential for further exploitation as
promising materials in cultivation and/or in breeding
for the creation of new varieties/hybrids.

Conclusions

This study has shown the great phenotypic diversity
of onion genotypes from Tunisia based on biochemical
traits and the bioactive component content. This onion
collection is very rich in sugars, ascorbic acid, natural
antioxidants and phenolic compounds. The obtained
results can be used for the sustainable conservation
and management of onion genetic resources. Indeed,
some local landraces showed a great potential and are
of great interest given their nutraceutical characteristics
and their bioactive components. That’s why, strategies
must be developed to conserve these valuable local
landraces. The interesting local breeding lines are
going to be registered in the catalogue of the new
varieties. According to our results the breeding lines
BL5-w, OP3-w and OP2-w can be selected as the best
genotypes.

Acknowledgments

The authors are grateful to the Arid Lands Institute
of Medenine (IRA) for its financial support to the PhD
work in which this study was conducted. The authors
thank Lesley Currah for her help in language editing.

Conflict of Interest

The authors declare no conflict of interest.

References

1. FAO STAT. Food and Agriculture Organization of the
United Nations-FAO Statistics Division. 2019.  http:/
www.fao.org accessed 1 June 2021.

SATO AT., ZHANG L., YONEKURA H., TAMURA A.
Antiallergic activities of eleven onions (4//ium cepa) were
attributed to quercetin 4’-glucoside using QuEChERS

N

method and Pearson’s correlation coefficient. J Funct
Foods, 14, 581, 2015. doi: 10.1016/}.jff.2015.02.029
ZHANG F., SHI J.J.,, THAKUR K., HU F., ZHANG J.G.,
WEI Z.J. Anti-cancerous potential of polysaccharide
fractions extracted from peony seed dreg on various human
cancer cell lines via cell cycle arrest and apoptosis. Front
Pharmacol, 8, 102, 2017. doi: 10.3389/fphar.2017.00102
WANG C.K. Health benefits of onion bioactives on
hypercholesterolemia, cardiovascular diseases, and bone
mineral density. Food Frontiers, 1, 107, 2020. https:/doi.
org/10.1002/fft2.18

ZENGY,LIY, YANG]J, PUX.,, DUJ.,, YANG X., YANG
S. Therapeutic role of functional components in alliums
for preventive chronic disease in human being. Evidence-
Based Complementary and Alternative Medicine, 2017.

MLCEK J, JURIKOVA T. SKROVANKOVA S,
SOCHOR J. Quercetin and its anti-allergic immune
response. Molecules, 21, 623, 2016. doi: 10.3390/

molecules21050623

GALDON B.R., RODIGUEZ E.M., ROMERO C.D.
Flavonoids in onion cultivars (Allium cepa L.). ]
Food Sci, 73, C599, 2008. https:/doi:10.1111/j.1750-
3841.2008.00903.x

CRYSTAL S., LOMBARD K.A., PEFFLEY E.B., LIU
W.X. Genetic analysis of quercetin in onion (Allium cepa
L.) ‘Lady Raider’. Texas J Agric Nat Resour, 16, 24, 2003.
ABDUL RAHIM M., SAEED F., KHALID W., HUSSAIN
M., FAQIR M.A. Functional and nutraceutical properties of
fructo-oligosaccharides derivatives: a review, International
Journal of Food Properties, 24 (1), 1588, 2021. https://doi:1
0.1080/10942912.2021.1986520

. PRASANNA K.V, HARISH PK.\., VENKATESH Y.P.

Structural analyses and immunomodulatory properties
of fructo-oligosaccharides from onion (Allium cepa).

Carbohydr. Polym, 117, 115, 2015. doi: 10.1016/j.
carbpol.2014.09.039
. GONZALEZ-PEREZ S., MALLOR C. GARCES-

CLAVER A., MERINO F., TABOADA A., RIVERA A.,
POMAR F., PEROVIC D., SILVAR C. Exploring genetic
diversity and quality traits in a collection of onion (4//ium
cepa L.) landraces from North-West Spain. Genetika, 47
(3), 885, 2015. https://doi:10.2298/GENSR1503885G

.RIVERA A., MALLOR C. GARCES-CLAVER A,

GARCIA-ULLOA A., POMAR F., SILVAR C. Assessing
the genetic diversity in onion (Allium cepa L.) landraces
from northwest Spain and comparison with the European
variability. New Zeal J Crop Hort, 44, 103, 2016. https://do
i:10.1080/01140671.2016.1150308

. FAYOS 0., MALLOR C., GARCES-CLAVER A.

Evolucion del conocimiento sobre la pungencia de la
cebolla (Allium cepa L. y del pimiento (Capsicum spp.):
desde sus origenes hasta el potencial nutracéutico actual.
ITEA, 114 (2), 99, 2018. https://doi:10.12706/itea.2018.007

. PEREZ-GREGORIO R.M., GARCIA-FALCON M.S.,

SIMAL-GANDARA J., RODRIGUES A.S., ALMEIDA
D.PF. Identification and quantification of flavonoids in
traditional cultivars of red and white onions at harvest.
J. Food Compos. Anal, 23, 592, 2014. doi: 10.1016/].
jfca.2009.08.013

. SANTAS J., CARBO R., GORDON M.H., ALMAJANO

M.P. Comparison of the antioxidant activity of two
Spanish onion varieties. Food Chem, 107 (3), 1210, 2008.
doi: 10.1016/j.foodchem.2007.09.056

. ELFALLEH W, TLILI N., YAHIA Y., HANACHI H.,

NASRI N., FERCHICHI A. Total phenolic contents and
antioxidant activities of pomegranate peel, seed, leaf and



Author Copy * Author Copy ¢ Author Copy * Author Copy ¢ Author Copy * Author Copy ¢ Author Copy * Author Copy * Author Copy

Biochemical Characterization of Local Onion...

11

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

flower natural product. ] Med Plant Res, 6, 4724, 2012.
https://doi:10.5897/JMPR11.995

RE R., PELLEGRINI N., PROTEGGENTE A., YANG
M., RICE-EVANS C. Antioxidant activity: applying an
improved ABTS radical cation decolorization assay. Free
Radic Biol Med, 26, 1231, 1999. doi: 10.1016/S0891-
5849(98)00315-3

ABDULNABI A.A., HEBSHI E.A., DAOOD H.G., BIACS
P.A. Determination of antioxidant vitamins in tomatoes.
Food Chem, 60, 207, 1997. https://doi:10.1016/S0308-8146
SHARMA K., ASSEFA A.D., KIM S., KO EY., LEE
E.T., PARK S.W. Evaluation of total phenolics, flavonoids
and antioxidant activity of 18 Korean onion cultivars:
A comparative study. J Sci Food Agric, 94 (8), 1521,
2014. doi:10.1002/jsfa.6450

PRAKASH D., SINGH B.N., UPADHYAY G. Antioxidant
and free radical scavenging activities of phenols from
onion (Allium cepa). Food Chem, 102 (4), 1389, 2007.
doi:10.1016/j.foodchem.2006.06.063

LIGUORI L., CALIFANO R., ALBANESE D., RAIMO
F., CRESCITELLI A., DI MATTEO M. Chemical
composition and antioxidant properties of five white onion
(Allium cepa L.) landraces. J Food Qual 9, 191, 2017.
https://doi:10.1155/2017/6873651

LACHMAN J, PRONEK D. HEJTMANKOVA A,
PIVEC V., FAITOVA K. Total polyphenol and main
flavonoid antioxidants in different onion (4//ium cepa L.)
varieties. Sci Hortic, 30 (4), 142, 2003.

BIBI N., SHAH M.H., KHAN N., AL-HASHIMI A.,
ELSHIKH M.S., IQBAL A., AHMAD S., ABBASI A.M.
Variations in Total Phenolic, Total Flavonoid Contents, and
Free Radicals’ Scavenging Potential of Onion Varieties
Planted under Diverse Environmental Conditions.
Plants (Basel), 11 (7), 950. PMID: 35406930; PMCID:
PMC9002954. 2022. https://doi:10.3390/plants11070950.
BENITEZ V., MOLLA E., MARTIN-CABREJAS M.,
AGUILERA A., LOPEZ-ANDREU F., COOLS K.
Characterization of industrial onion wastes (4/lium cepa L.):
dietary fibre and bioactive compounds. Plant Food Hum
Nutr, 66, 48, 2011. https://doi:10.1007/s11130-011-0212-x
PETROPOULOS S.A., FERNANDES A., BARROS L.,
FERREIRA 1., NTATSI G. Morphological, nutritional
and chemical description of ‘“Vatikiotiko”’, an onion local
landrace from Greece. Food Chem, 182, 156-163, 2015.
doi: 10.1016/j.foodchem.2015.03.002

ZHANG S.L., DENG P, XU Y.C., LU SW.,, WANG J.J.
Quantification and analysis of anthocyanin and flavonoids
compositions, and antioxidant activities in onions with
three different colors. J Integr Agric, 15, 60345, 2016. doi:
10.1016/S2095-3119(16)61385-0

CHENG A., CHEN X., JIN Q.,, WANG W., SHI J., LIU Y.
Comparison of phenolic content and antioxidant capacity
of red and yellow onions. Czech J of Food Sci, 31 (5), 501,
2013.

RODRIGUES A.S., PEREZ M.R., GARCIA M.S., SIMAL
J., ALMEIDA D.P. Effect of meteorological conditions on
antioxidant flavonoids in portuguese cultivars of white and
red onions. Food Chem, 124, 303, 2011. doi: 10.1016/].
foodchem.2010.06.037

TAN L.H.,, ZHANG D., WANG G., YU B., ZHAO
S.P., WANG JW., CAO W.G. Comparative analyses of
flavonoids compositions and antioxidant activities of Hawk
tea from six botanical origins. Ind Crops and Prod, 80,
123, 2016.

LIGUORI L., GIUSEPPINA A., FILOMENA N,
FLORINDA F., MARISA D.M., DONATELLA A.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Biochemical, antioxidant properties and antimicrobial
activity of different onion varieties in the Mediterranean
area. J Food Meas Charact, 13, 1232, 2019. https:/
doi:10.1007/s11694-019-00038-2

KWAK J.H., SEO J.M., KIM N.H., ARASU M.V,,KIM S.,
YOON M.K., KIM S.J. Variation of quercetin glycoside
derivatives in three onion (Allium cepa L.) varieties. Saudi
J Biol Sci, 24, 1387, 2017. doi: 10.1016/j.sjbs.2016.05.014
BYSTRICKA J., MUSILOVA J., TOMAS J., NOSKOVIC
J, DADAKOVA E. KAVALCOVA P. Dynamics of
quercetin formation in onion (Allium cepa L.) during
vegetation. Acta Aliment, 44 (3), 383, 2015. doi: 10.1556/
AAlim.2014.0016

LEE S.U., LEE J.H., CHOI S.H., LEE J.S., OHNISI K.M.,
KOZUKUE N., LEVIN C.E., FRIEDMAN M. Flavonoid
content in fresh, home-processed, and light-exposed
onions and in dehydrated commercial onion products. J
Agric Food Chem, 56, 8541, 2008. doi: 10.1021/5£801009p
SIMIN N., ORCIC D., SIMIN D.C., DUKIC N.M.,,
ANACKOV G., BEARA I, CULAFIC D.M., BOZIN
B. Phenolic profile, antioxidant, anti-inflammatory and
cytotoxic activities of small yellow onion (Allium flavum
L. subsp. flavum, Alliaceae). LWT - Food Sci Technol, 54,
139, 2013. doi: 10.1016/j.1wt.2013.05.023

GALDON B.R., RODRIGUEZ C.T., RODRIGUEZ
E.M.R., ROMERO C.D. Fructans and major compounds
in onion cultivars (4//ium cepa). ] Food Compos Anal, 22,
25, 2009. doi: 10.1016/j.jfca.2008.07.007

COLINA-COCA C., DE ANCOS B., SANCHEZ-
MORENO C. () Nutritional composition of processed
onion: S-Alk (en) yl-L-cysteine sulfoxides, organic acids,
sugars, minerals, and vitamin C. Food Bioproc Tech, 7,
289, 2013. https://doi:10.1007/s11947-013-1150-4

LESTER G.E. Environmental regulation of human health
nutrients (ascorbic acid, f-carotene, and folic acid) in
fruits and vegetables. Hort Science 41 (1), 59, 2006.
GORINSTEIN S., PARK Y.S., HEO B.G., NAMIESNIK
J, LEONTOWICZ H., LEONTOWICZ M. A comparative
study of phenolic compounds and antioxidant and
antiproliferative activities in frequently consumed raw
vegetables. Eur Food Res Tech, 228 (6), 903, 2009. doi:
10.1007/s00217-008-1003-y

BENITEZ V., MOLLA E., MARTIN-CABREJAS M.,
AGUILERA Y., LOPEZ-ANDREU F.J., ESTEBAN R.M.
Onion (Allium cepa L.) by-products as source of dietary
fiber: Physicochemical properties and effect on serum lipid
levels in high-fat fed rats. Eur Food Res Tech, 234, 617,
2012. https://doi:10.1007/s00217-012-1674-2

RANDLE W.M., LANCASTER J.E. Sulphur compounds
in alliums in relation to flavour quality. In: Allium Crop
Sci., (eds H. D. Rabinowitch and L. Currah), CABI,
Wallingford, U.K., 329, 2002.

YEHMED 1J., TLAHIG S., AYEB N., MOHAMED
A., YAHIA H., DBARA M., LOUMEREM M. Agro-
Morphological, Yield Components and Nutritional Quality
Attributes of Vicia faba L. var. Minor Cropped in Tunisian
Arid Regions. Pol J Environ Stu., 31 (1), 929, 2022. https://
doi.org/10.15244/pjoes/139302

TLAHIG S., BELLANI L., KARMOUS 1., BARBIERI F.,
LOUMEREM M., MUCCIFORA S., Response to Salinity
in Legume Species: An Insight on the Effects of Salt Stress
during Seed Germination and Seedling Growth Chem.
Biodiversity. 18, ¢2000917, 2021. https://doi.org/10.1002/
cbdv.202000917.



Chalbi A., et al.

(@) M-£dO Pue (D) M-zdO (9) m-s719 (V) d-7171 sedKouasd uoruo oy ur sisAeue SIN-ISH-DT Aq paynuapt spunodwos orjoudyd jo sweidorewory) ‘1S "1

s uw
St o,v SE 0 MN 0z k13 oL L] sy O_Q S€ a,ﬂ m,w 0z m_r e_— m g Sk oL S
h 0 n | 1 i ) ! I
TS 9T LE [ A 1oou /9T
000004
00004
s 1) 1®)o0'ese
1 1@OEse 11BU0ese 0ope
(ORI [ ¥ ISE
_ J\llr\/\l
e 000001 o
e ) L@Clo0'eve — = 000°001
1) —Q‘qg,mwm
[T e vsse 000004
o 9¥sE 000001 S AL 1) LB)00'6ze
1) L®1)o0'sze
1) 1®0)o0'682 nofjodh unsady e

1) 1®()00'692

Sl £5°FE

1) 1 B(-)00'69Z 1) LBH(-)00'69Z

osBu | 65 oodjooy
L) 180I00'Lie

000°004

000001

wsSmEy | 06'€E

BTN ) 74°EE
-)00'12Z

000°004

1) 1 B(Jo0'see
000700k

’ o/ €L
000'004 1) 1D(-)00'sez

- g
o
1) LB(-)00'S8Z L T
Do H1E 000°003
1) 1®()00'108 \
g w151 00000} apsusnh /g9’ g 000004 1) @onese
: 1) 1 @00’ 108 1) 1800’08
00" oagool : 000°001
L1Bo0 st 1) 1BUIa0'6ss J\Mﬁ 0 iDtes

e /1§67

Supplementary Data

1) 1B()00'24L

0001004
1) 1B(o0'6Ls

e /3¢°5T [ Il
1) L®()00'6LS

1) 1B()00'65E

1) 1 B(-Jog'65€

T 1) 1B()00'625
[
1) L8002t lqr/\,\lx(k/\lo\‘ﬂ\.\‘
000 pos

1) 1@(-)o0'e6L PR DYy SR / 9T

prowny swen /077

1) LB()00'E6L

I Pioe dyng suen ] 0T -
ooq o ;
1) 1Bo0'eet ﬁ 1) LB()00'e6L
T
) P sumnood 65707 000°00}/
povaumaosd 0907 000003 § 1) LBIa0'Eal
1 18(00'eaL e oumanos-d 09107 000'004

peESRyB] 07 s namansd 1950 o000k

1) 1 ®)oo'egl
o 1) 1Boo'est

1) 1@0o0'sLL

=
T 1) L@I)00'62L B ﬁ\\
T
pov o 19 000°001
" . § ’ 00000 (1) LBI00'EGE
paoe o 13 u?wc_ pooe gpesonnd | ;«ﬁs 004 1) 1@(Joo'est R0

1) 1®)oo'est

A% T
povammb, L P[00 prow spunb  49PO1004 - 001 pov b £ 5990(004
1180100’ 161 1) 1 @00 161 C 1) 1®000'L6L pesd b 1) 1®(I00'161

Q (P (0 (q (e

1) 1@(Joo'sLL

1) L@()00'ESH

Ado) Joyiny . Ado) Joyiny « AdoD Joyiny « AdoD Joyiny « AdoD Joyiny « Ado) Joyiny « Ado) Joyiny « AdoD Joyiny « AdoD Joyiny



