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1 | INTRODUCTION

Abstract

Ziziphus spina-christi (L.) Willd. is a multi-purpose plant and is very popular found in
local markets because of its high nutritional and medicinal values. The present work
was carried out to study morphological and chemical properties of native accessions
of this species. There were significant differences among the accessions investigated
based on the morphological and chemical characters. Total phenolic content ranged
from 4.84 to 49.58 mg/g fresh weight (FW). Total flavonoid content varied from 0.45
to 2.29 mg/g FW. Antioxidant activity measured with DPPH ranged from 0.32 to
16.99 mg/g FW, while it ranged from 6.64 to 84.15 uM FeSO, FW with the FRAP
method. The total phenol content showed significant and positive correlations with
total flavonoid content (r = 0.33), antioxidant activity obtained with DPPH (r = 0.85),
and antioxidant activity obtained with FRAP (r = 0.54). The ward dendrograms di-
vided the accessions studied into two major clusters based on morphological and
chemical characteristics. Based on the traits related to fruit quality such as fruit
weight, fruit skin color, and fruit flavor, as well as in terms of chemical characteris-
tics related to medicinal properties such as total flavonoids and antioxidant activity,
17 accessions were superior that could be used in breeding programs or cultivated
directly. The present results can be used in defining conservation strategies, genetic

improvement, and crop production.
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and has high resistance to drought and heat (National Academy of
Sciences, 1980). The species is generally distributed at altitudes up

The genus Ziziphus belongs to the Rhamnaceae family, which in-
cludes about 100 species of deciduous or evergreens with tree or
shrub form. They are distributed throughout the tropical and sub-
tropical regions of the world (Johnston, 1963), of which 12 species
are cultivated (Hammer, 2001). One of the cultivated species of
Ziziphus genus is Z. spina-christi (L.) Willd. It is a shrub or spiny tree

to 600 m (Jongbloed, 2003; Saied et al., 2008) and grows well in
desert areas with an annual rainfall of 50-300 mm (Maydell, 1986).
The Z. spina-christi tolerates well in a variety of soils but performs
bestin light loamy soils (Vogt, 1995). In general, this species has a tree
form, but it takes the form of a shrub or bush in dry and harsh con-
ditions (Obeid & Mahmoud, 1971). Its roots can penetrate deep into
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the soil and are therefore highly tolerant of drought (Miehe, 1986).
This plant is evergreen, but parts of its leaves fall off in very dry sea-
sons (Maydell, 1986). Its height reaches between 5.00 and 10.00 m,
and its trunk diameter is about 45.00 cm (El Amin, 1990; Saied
et al., 2008).

Indigenous plants are part of the local agricultural and food
source and are an important genetic source for maintaining biodi-
versity (Grivetti & Ogle, 2000). The potential of wild plant resources
has not only been fully explored but has not been taken into account
and has not been sufficiently involved in the supply of agricultural
products (Saied et al., 2008; Schreckenberg et al., 2006). Local peo-
ple have paid close attention to the importance of indigenous plants
in terms of food supply, extra income, medicinal properties, and
their use in preventing soil erosion (Gebauer et al., 2007). Due to
the increasing population of the world and the need to feed them,
the development of alternative crops is needed to improve the diet
(EI-Siddig et al., 1999). Identifying and introducing crops that toler-
ate harsh conditions such as drought, heat, and salinity, is especially
important (Saied et al., 2008).

Recently, attention to medicinal plants has been increased be-
cause they are pharmaceutical agents and are important for the
development of drugs. According to the World Health Organization
(WHO), traditional and herbal medicine is used by 80.00% of the
world's population in developing countries for their primary health-
care (Alhakmani et al., 2014). The Z. spina-christi is used to treat
headaches, fractures, dandruff, chest pains, bruises, and blisters
(Ghazanfar, 1994).

The Z. spina-christi, known locally as Konar in Iran, is highly dis-
tributed in the southern regions of the country, such as Khuzestan,
Bushehr, Fars, Kerman, Sistan, and Hormozgan provinces. This plant
is multipurpose and is very popular in local markets due to its high
nutritional and medicinal values. Also, native accessions of this spe-
cies have high tolerance to heat, drought, and salinity (Miehe, 1986).
Thus, they can play an important role in breeding programs related
to the mentioned stresses. Due to its nutritional value and medicinal
uses in traditional medicine, considerable attention has been paid to
this plant. Therefore, it should be prevented from genetic erosion.
Little is known about the morphological and chemical properties of
this species in Iran. Thus, the current study was carried out to study
morphological and chemical variation of some native accessions of
this species selected from Shooshtar region in Khuzestan province
from the south of Iran.

2 | MATERIALS AND METHODS
2.1 | Plant material

The present work was carried out to study morphological and chem-
ical properties of 48 native accessions of Z. spina-christi selected
from Shooshtar region in Khuzestan province from the south of Iran.
Shooshtar region is located at 31°36'34"N latitude, 48°35'22"E lon-

gitude, and 65 m height above sea level. To reduce the error and
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to prevent the collection of the clones belonging to a tree and ulti-
mately increasing accuracy, a proper distance (200 m) between trees
in each area was considered.

2.2 | Morphological analysis

The phenotypic evaluations were carried out using 44 morphologi-
cal and pomological characters. Fifty replicates for the leaf and fruit
were used for measurements, and the mean values were used for
analysis. The fruits were harvested at full ripening time based on
taste and color and then transported to a laboratory. A digital caliper
was used to measure dimensions-related characters of leaf, thorn,
fruit, and stone. Also, the weight of fruit and stone were measured
using an electronic balance with 0.01 g precision. Furthermore, tree
growth habit, tree vigor, tree height, branching, branch density,
branch flexibility, trunk color, trunk type, trunk diameter, canopy
symmetry, canopy density, tendency to suckering, thorn presence
on current shoot, leaf density, leaf shape, leaf apex shape, leaf upper
surface color, leaf lower surface color, leaf margin serration, leaf ser-
ration depth, fruit shape, fruit skin transparency, fruit skin color, fruit
flesh color, fruit taste, fruit flesh texture, stone shape, stone surface,
and stone terminal appendix were qualitatively estimated based on

rating and coding.

2.3 | Chemical analysis
2.3.1 | Total phenolic content

For extraction, samples (1.00 g) were homogenized with 10.00 ml
of 80.00% methanol and the mixtures were centrifuged at 11200g
G-force for 10 min. Supernatants were collected and analyzed for
total phenolic content and antioxidant activity assays. Total phenolic
contents of fruit extracts were measured using the Folin-Ciocalteu
reagent method with spectrophotometry (Singleton & Rossi, 1965).
Briefly, 400 pl of the extract was combined with 2.00 ml of ten-fold-
diluted Folin-Ciocalteu reagent and 1.60 ml of sodium carbonate
7.50% and then placed at room temperature for 30 min. The absorb-
ance was estimated at 756 nm. The concentration of total phenolic
content was read in mg gallic equivalents per g fresh weight (FW)

using a calibration curve prepared with gallic acid.

2.3.2 | Total flavonoid content

For determination of total flavonoid content, the method described
by Grzegorczyk-Karolak et al. (2015) was adopted so that the
2.00 ml of fruit extracts were mixed with 2.00 ml of 2.00% AICI, and
the reaction mixture was allowed to stand for 15 min at room tem-
perature. The absorbance was measured at 415 nm, and the findings
were expressed as mg quercetin equivalents per g FW (mg QE/g FW)
for total flavonoid content.



00

ZANDIEVAKILI ano KHADIVI

2.3.3 | Radical scavenging activity

The scavenging activity of the extracts prepared on 2,2-diphe
nyl-1-picryl-hydrazyl-hydrate (DPPH) free radicals was deter-
mined. The 25 pl of the fruit extract was reacted with a 0.10 mM
methanol solution of DPPH in a total volume of 3.00 ml, and the
mixture was then placed in the dark at room temperature for
30 min. The absorbance was read at 517 nm. The DPPH scaveng-
ing activities were calculated based on the following formula:
DPPH scavenging effect (%) = (Acontrol = Asample/Acontrol) X 100,

where A_ .., and A represent the control absorbance and the

sample
sample absorbance, respectively (Zhu et al., 2009). The DPPH scav-
enging activity of fruits was expressed as mg ascorbic acid equiva-

lents per g FW using the established ascorbic acid calibration curve.

2.3.4 | Ferric reducing antioxidant power (FRAP)

The method developed by Benzie and Strain (1996) was used for the
FRAP assay. The FRAP reagent comprised 300 mM acetate buffer,
10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) in 40 mM HCI, and 20 mM
ferric chloride (10:1:1, v/v/v). Three milliliters of FRAP reagent were
added to 20 pl of fruit extract, and the reaction mixtures were placed
in a 37°C water bath for 10 min. The absorbance was read at 593 nm,
and antioxidant activities were determined using the prepared
FeSO, standard curve.

2.4 | Statistical analysis

Significant differences among the accessions in terms of the traits
measured were determined using one-way analysis of variance
(ANOVA) with SAS software (SAS institute, 1990). The parameters,
including minimum, maximum, mean, standard deviation (SD), and
coefficient of variation (CV), were calculated. Pearson correlation
coefficient was used to determine the correlation between traits
with SPSS® software version 16 (SPSS Inc. Norusis, 1998). The re-
lationship between the accessions was analyzed using principal
component analysis (PCA) with SPSS software. Hierarchical clus-
ter analysis (HCA) was performed using Euclidean distance coeffi-
cient and Ward method with PAST software (Hammer et al., 2001).
Distance coefficients were standardized using the Z scale. Also, the
two-dimensional plot was generated using the first and second prin-
cipal components (PC1 and PC2) with PAST software.

3 | RESULTS AND DISCUSSION
3.1 | Morphological evaluations
There were significant differences among the accessions inves-

tigated based on the characters recorded (ANOVA, p < 0.01).
The highest CVs belonged to stone terminal appendix (720.00%),

tendency to suckering (149.33%), canopy symmetry (128.68%), and
thorn number on annual shoot (115.88%). In contrast, stone width
(9.96%), stone length (10.59%), fruit length (10.99%), and fruit width
(12.29%) showed the lowest CVs. In total, 35 out of 44 characters
measured had the CVs more than 20.00%, indicating high variability
among the accessions (Table 1).

Tree growth habit showed three types, including spreading (24
accessions), semi-erect (22), and erect (2). Tree vigor was low in 6,
intermediate in 21, and high in 21 accessions, while tree height was
intermediate in 32 and high in 16 accessions. Branching and branch
density were predominantly high in the majority of accessions (34
and 30, respectively). Three types of trunk color were observed, in-
cluding light brown (8 accessions), brown (16), and gray (24). Bark of
trunk contains many different compounds, including lignins, tannins,
and suberins. These reflect and absorb different wavelengths of
light, which explains the variations in color. The 19 accessions were
single trunk, while 29 accessions were multi-trunk. The density of
canopy and leaves was predominately high (25 and 29, respectively)
(Table 2).

Leaf shape showed three forms, including ovate (2 accessions),
lanceolate (34), and elliptical (12), while leaf apex shape was rounded
(37) and acute (11). Leaf upper surface color was light green in 4,
green in 27, and dark green in 17 accessions, while leaf lower sur-
face color was light green in 39 and green in 9 accessions. Leaf
margin serration was not observed in 14 accessions, while it was
serrated in 34 accessions with low depth (Table 2). Leaf length
ranged from 23.68 to 45.41 mm, and leaf width varied from 15.39
to 33.10 mm. Petiole length varied from 2.91 to 11.91 mm, and pet-
iole thickness ranged from 0.56 to 1.07 mm (Table 1). Baghazadeh-
Daryaii et al. (2017) reported the range of 16.00-65.60 mm for
leaf length, 11.90-51.50 mm for leaf width, and 1.45-19.30 mm for
petiole length in some accessions of Z. spina-christi. Also, Norouzi
et al. (2017) reported the range of 18.90-37.00 mm for leaf length,
11.30-25.90 mm for leaf width, and 3.00-7.80 mm for petiole length
in 33 individuals of Z. spina-christi.

Fruit shape was flat in 8, round in 15, and ovate in 25 accessions.
Fruit length varied from 10.97 to 17.84 mm, fruit width ranged from
11.29 to 18.60 mm, and the range of fruit flesh thickness was from
1.85-5.30 mm. Fruit fresh weight ranged from 0.88 to 3.63 g with an
average of 1.87. Fruit flesh percentage ranged from 62.90 to 93.10%.
The range of fruit stalk length and diameter was from 2.45-6.82 mm
and 0.45-0.87 mm, respectively. Stone length varied from 8.01 to
12.25 mm, stone width ranged from 6.73 to 10.08 mm, and the range
of stone weight was from 0.17-0.84 g (Table 1). Differences in fruit
size and weight under the same environmental and geographical con-
ditions are probably the result of genetic effects (Karadeniz, 2002).
Baghazadeh-Daryaii et al. (2017) reported the range of 10.68-
27.45 mm for fruit length, 10.50-24.80 mm for fruit width, 2.20-
11.40 mm for fruit flesh thickness, 0.68-7.70 g for fruit weight,
7.22-17.80 mm for stone length, 6.20-12.50 mm for stone width, and
0.22-3.40 g for stone weight in some accessions of Z. spina-christi. Also,
Norouzi et al. (2017) reported the range of 12.30-16.90 mm for fruit
length, 12.90-19.20 mm for fruit width, 1.10-3.08 g for fruit weight,
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TABLE 1 Descriptive statistics for morphological traits utilized in the studied Z. spina-christi accessions
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12
13

14

15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
44

Character

Tree growth habit
Tree vigor

Tree height
Branching

Branch density
Branch flexibility
Trunk color

Trunk type

Trunk diameter
Canopy symmetry
Canopy density
Tendency to suckering

Thorn presence on
current shoot

Thorn number on
annual shoot

Thorn length on annual
shoot

Leaf density

Leaf shape

Leaf apex shape

Leaf upper surface color
Leaf lower surface color
Leaf margin serration
Leaf serration depth
Leaf length

Leaf width

Petiole length

Petiole thickness

Fruit length

Fruit width

Fruit fresh weight
Fruit stalk length

Fruit stalk diameter
Fruit flesh thickness
Fruit shape

Fruit skin transparency
Fruit skin color

Fruit flesh color

Fruit taste

Fruit flesh texture
Stone length

Stone width

Stone weight

Stone shape

Stone surface

Stone terminal appendix

Unit

Code
Code
Code
Code
Code
Code
Code
Code
Code
Code
Code
Code
Code

Number

Min.

O O r O R B Rk P B B W R R

0.00

O O B P B P B

23.68
15.39
291
0.56
10.97
11.29
0.88
2.45
0.45
1.85

I = = =

8.01
6.73
0.17

Max.

(SRS B, B N @, B S R G, R ©, B G, B G, DR, B G, BRN©, |

10.04

[ N PO R O B O B O N ) |

45.41
33.10
1191
1.07
17.84
18.60
3.63
6.82
0.87
5.30

12.25
10.08
0.84

Mean

2.08
3.62
3.67
4.29
4.00
3.21
3.67
2.21
3.25
0.38
3.88
0.75
0.60

1.60

2.66

4.17
3.42
1.46
3.54
1.38
0.71
0.71
33.93
23.72
7.02
0.76
13.60
14.51
1.87
4.53
0.64
3.33
3.71
2.50
7.83
3.58
5.54
1.92
9.64
8.39
0.43
2.00
4.88
0.02
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SD

1.16
1.38
0.95
1.20
1.43
1L25
1.51
0.99
1.28
0.49
1.30
1.12
0.49

1.85

2.64

1.08
1.01
0.85
1.22
0.79
0.46
0.46
5.80
4.18
2.16
0.11
1.49
1.78
0.69
0.94
0.10
0.79
1.52
1.13
2.67
2.58
2.05
1.01
1.02
0.84
0.14
1.09
0.64
0.14

CV (%)
55.96
38.07
2597
28.02
35.73
39.07
41.04
44.71
39.38
128.68
33.48
149.33
82.33

115.88

99.32

25.85
29.44
58.15
34.46
5717
64.65
64.65
17.08
17.63
30.83
14.61
10.99
12.29
36.63
20.84
15.16
23.72
40.84
45.20
34.07
71.93
37.04
52.45
10.59
9.96
33.26
54.60
13.11
720.00
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TABLE 2 Frequency distribution for the measured qualitative morphological characters in the studied Z. spina-christi accessions

Frequency (no. of accessions)

ZANDIEVAKILI ano KHADIVI

Character 0 1 3 5 7 9 11

Tree growth habit - Spreading (24) Semi-erect (22) Erect (2) - - -

Tree vigor - Low (6) Intermediate (21) High (21) - - -

Tree height - - Intermediate (32) High (16) - - -

Branching - Low (3) Intermediate (11) High (34) - - -

Branch density - Low (6) Intermediate (12) High (30) - - -

Branch flexibility - Low (7) Intermediate (29) High (12) - - -

Trunk color - Light brown (8) Brown (16) Gray (24) - - -

Trunk type - Single (19) Multi (29) - - - -

Trunk diameter - Low (7) Intermediate (28) High (13) - - -

Canopy symmetry Absent Present (18) - - - - -

(30)

Canopy density - Low (4) Intermediate (19) High (25) - - -

Tendency to No (26) Low (16) Intermediate (5) High (1) - - -
suckering

Thorn presence on No (19) Yes (29) - - - - -
current shoot

Leaf density - Low (1) Intermediate (18) High (29) - - -

Leaf shape - Ovate (2) Lanceolate (34) Elliptical (12) - - -

Leaf apex shape - Rounded (37) Acute (11) - - - -

Leaf upper surface - Light green (4) Green (27) Dark green - - -
color (17)

Leaf lower surface - Light green (39) Green (9) - - - -
color

Leaf margin None (14)  Serrate (34) - - - - -
serration

Leaf serration depth  None (14) Low (34) - - - - -

Fruit shape - Flat (8) Round (15) Ovate (25) - - -

Fruit skin - Low (15) Intermediate (30) High (3) - - -
transparency

Fruit skin color - Maroon yellow Maroon (1) Dark maroon Yellow brown Light brown Dark

(3) (9) (1) (28) brown (6)
Fruit flesh color - Cream-yellow Cream (11) Cream-brown Light orange - -
(19) @) (15)
Fruit taste - Sour (2) Sour-sweet (14) Slightly sweet  Sweet (31) - -
(1)

Fruit flesh texture - Soft (26) Crisp (22) - - - -

Stone shape - Round (25) Ovate (22) Elongate (1) - - -

Stone surface - Smooth (1) Relatively smooth Coarse (46) - - -

1)

Stone terminal Absent Present (1) - - - - -

appendix (47)

8.30-10.90 mm for stone length, 7.70-8.80 mm for stone width, and
0.32-0.62 g for stone weight in 33 individuals of Z. spina-christi.

Fruit skin color showed high variations and included maroon
yellow (3 accessions), maroon (1), dark maroon (9), yellow-brown
(1), light brown (28), and dark brown (6). Also, fruit flesh color was
cream-yellow (19 accessions), cream (11), cream-brown (3), and light

orange (15). Fruit taste was predominantly sweet (31 accessions),

while other tastes such as sour (2), sour-sweet (14), and slightly
sweet (1) were observed. Fruit flesh texture was soft in 26 acces-
sions, while it was crisp in 22 accessions. Stone shape was round in
25 and ovate in 22 accessions, while it was elongated only in one
accession. Stone surface was predominantly coarse (46 accessions)
(Table 2). The pictures of leaves and fruits of the studied accessions

of Z. spina-christi are shown in Figure 1.
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There were significant correlations between some characters as
revealed with Pearson coefficients (data not shown). Tree vigor was
positively and significantly correlated with tree height (r = 0.52),
branching (r=0.51), branch density (r = 0.56), trunk diameter (r = 0.65),
canopy density (r = 0.58), and leaf density (r = 0.46) and corresponded
with the previous findings (Baghazadeh-Daryaii et al., 2017; Norouzi
et al., 2017). Leaf length showed significant and positive correlations
with branching (r = 0.28), leaf shape (r = 0.32), leaf width (r = 0.80),
petiole length (r = 0.76), and petiole thickness (r = 0.36) and agreed
with the previous results (Baghazadeh-Daryaii et al., 2017; Norouzi
et al., 2017). Fruit fresh weight was positively and significantly cor-
related with leaf length (r = 0.65), leaf width (r = 0.54), petiole length
(r = 0.41), and petiole thickness (r = 0.44). The leaves are responsible
for absorbing sunlight for photosynthesis. Therefore, with increasing

leaf size, leaf area is increased and then with increasing primary me-
tabolites, suitable conditions are provided for the production of sec-
ondary metabolites (Khadivi-Khub & Anjam, 2014).

Besides, fruit fresh weight showed positive and significant cor-
relations with fruit length (r = 0.87), fruit width (r = 0.89), fruit stalk
length (r = 0.52), fruit stalk diameter (r = 0.48), fruit flesh thickness
(r=0.86), stone length (r = 0.82), stone weight (r = 0.49), stone shape
(r = 0.60), and stone terminal appendix (r = 0.64), in agreement
with the previous results (Baghazadeh-Daryaii et al., 2017; Norouzi
et al., 2017). It has been reported that fruit weight and seed weight
have high heritability coupled with high genetic advance in Ziziphus
genus, and these traits are controlled by additive gene action, and

phenotypic selection may be effective in improving them (Markovski
and Velkoska-Markovska, 2015).

FIGURE 1 The pictures of leaves and fruits of Z. spina-christi accessions studied
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FIGURE 2 Scatter plot for the studied Z. spina-christi accessions based on PC1/PC2 of morphological characters. The symbols represent

the accessions of Shooshtar (Sh)

The PCA reduces the number of correlated traits to a small num-
ber of components and interprets the relationship between vari-
ables (Khadivi, 2018). The PCA showed that the first 14 components
accounted for 80.97% of the total variance (Table 3). The characters,
including fruit length, fruit width, fruit fresh weight, fruit flesh thick-
ness, stone length, stone width, and stone weight, were found to be
correlated with PC1, accounting for 16.60% of the total variance,
called fruit size-related characters and corresponded with findings
of Norouzi et al. (2017). The PC2 included seven traits, including
tree vigor, tree height, branching, branch density, trunk diameter,
canopy density, and leaf density, with explaining 11.49% of the total
variance, called vegetative-related traits. Three characters, including
leaf length, leaf width, and petiole length, formed the PC3, account-
ing for 7.42% of total variance, called leaf-related traits. In the pre-
vious studies, PCA has shown the importance of fruit-related traits
in describing the diversity between genotypes of Z. spina-christi
(Baghazadeh-Daryaii et al., 2017; Norouzi et al., 2017).

The scatter plot created using PC1/PC2 showed phenotypic
variations among the accessions (Figure 2). Starting from negative
to positive values of PC1, the accessions showed gradual increases
in fruit length, fruit width, fruit fresh weight, fruit flesh thickness,
stone length, stone width, and stone weight. Also, starting from neg-
ative to positive values of PC2, the characters, including tree vigor,
tree height, branching, branch density, trunk diameter, canopy den-
sity, and leaf density, showed gradual increases among the acces-
sions studied.

Besides, HCA based on all the morphological data showed

that the accessions studied were divided into two main clusters as

revealed with the dendrogram created using Ward and Euclidean dis-
tance coefficients (Figure 3). The first cluster (I) was divided into two
sub-clusters. Sub-cluster I-A included 12 accessions, and sub-cluster
|-B consisted of seven accessions. Also, sub-cluster II-A included six
accessions, and sub-cluster 11-B consisted of 23 accessions. There
was high phenotypic diversity among the accessions. Self and cross-
incompatibility is a common and unique phenomenon in the genus
Ziziphus, which leads to an increase in its genetic and phenotypic

diversity apart from clonal and bud mutations (Weekley et al., 2002).

3.2 | Chemical evaluations

The ANOVA revealed significant variations among the accessions
studied in terms of the chemical properties measured (p < 0.01).
Antioxidant activity measured with DPPH method showed the
highest CV (108.32%), while total flavonoid content had the lowest
CV (33.53%) (Table 4). Total phenolic content ranged from 4.84 to
49.58 mg/g FW. El Maaiden et al. (2018) reported that the value of
total phenolic content in Z. spina-christi was 39.74 mg GAE/g DW.
Phenolic compounds play an important role in plants as primary an-
tioxidants or free radical scavengers, and their antioxidant activity
is due to their redox activity, which plays a key role in the uptake
and sterilization of free radicals, quenching singlet and triple oxy-
gen, and decomposition of peroxides (Abraham et al., 2006; Himesh
et al., 2011). Phenolic compounds are a group of antioxidant agents
that act as terminators of free radicals, and their bioactivity may be

due to their ability to chelate metals, inhibit lipoxygenases, and free
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FIGURE 3 Ward cluster analysis of the
studied Z. spina-christi accessions based
on morphological traits using Euclidean

distances

TABLE 4 Descriptive statistics for the chemical traits utilized in the studied Z. spina-christi accessions

AW N -

Character

Total phenolic content

Total flavonoid content
Antioxidant capacity (DPPH)
Antioxidant capacity (FRAP)

~08

Abbreviation

Phe
Fla
DPPH
FRAP

Distance
3 % % & & & ¥ 3 o
A
—__
. —
—L—
gn =
=
- =
1 —
I —
=
I-B

Unit

mg/g FW
mg/g FW
mg/g FW
uMFeSo, FW

Min.
4.84
0.45
0.32
6.64

Max.
49.58
2.29
16.99
84.15

Mean
9.94
1.18
2.24
35.08

. . 5707
Food S &N
00d Science utrition . Wl l EY

Shoosh-17
Shoosh-36
Shoosh-13
Shoosh-34
Shoosh-46
Shoosh-24
Shoosh-22
Shoosh-28
Shoosh-39
Shoosh-23
Shoosh-12
Shoosh-15
Shoosh-16
Shoosh-31
Shoosh-40
Shoosh-41
Shoosh-42
Shoosh-4

Shoosh-18
Shoosh-11
Shoosh-29
Shoosh-33
Shoosh-19
Shoosh-6

Shoosh-26
Shoosh-43
Shoosh-47
Shoosh-14
Shoosh-45
Shoosh-30
Shoosh-35
Shoosh-44
Shoosh-1

Shoosh-9

Shoosh-38
Shoosh-3

Shoosh-5

Shoosh-2

Shoosh-25
Shoosh-8

Shoosh-27
Shoosh-7

Shoosh-10
Shoosh-21
Shoosh-37
Shoosh-20
Shoosh-32
Shoosh-48

CV (%)
66.44
33.53
108.32
46.23
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TABLE 5 Simple correlations among the chemical variables
utilized in the studied Z. spina-christi accessions

Character Phe Fla DPPH FRAP
Phe 1

Fla 0.33* 1

DPPH 0.85** 0.32* 1

FRAP 0.54** 0.33* 0.77** 1

Note: *, " Correlation is significant at p < 0.05 and 0.01 levels,
respectively.

Distancz

3 by &

-8zl
FCLL
96
0!
~2€

radical scavenging (Lin et al., 2005; Mallavadhani et al., 2006; Zheng
& Wang, 2001). Phenolic compounds have also been reported to
provide antimutagenic and anticarcinogenic properties in humans
when approximately 1.00 g of them is consumed daily through a diet
rich in vegetables and fruits (Tanaka et al., 1998).

Total flavonoid content varied from 0.45 to 2.29 mg/g FW.
Baghazadeh-Daryaii et al. (2017) reported the range of 1.39-
3.66 mg/g for total flavonoid content in some accessions of Z. spina-
christi. EI Maaiden et al. (2018) reported that the value of total
flavonoid content in Z. spina-christi was 0.02 mg QE/g DW. Brito

9l
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1I-B
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Shoosh-19
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1I

1 o]
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Shoosh-40
Shoosh-11

Shoosh-6
Shoosh-26
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Shoosh-12

Shoosh-24 FIGURE 4 Ward cluster analysis of
Shoosh-47 the studied Z. spina-christi accessions
Shoosh-34 based on chemical traits using Euclidean
Shoosh-46 distances
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et al. (2015) reported an average of 21.30 mg/g for flavonoid con-
tent in Z. joazeiro. Flavonoids are a group of phenolic compounds
presented in fruits and vegetables that are characterized by a benzo-
y-pyrone structure (Cheng et al., 2000). The antioxidant activity
of flavonoids depends on the structure and substitution pattern
of hydroxyl groups (Kaurinovic et al., 2011; Zheng & Wang, 2001).
Flavonoids exited in herbs are important in human health because
of their pharmacological activity as antioxidants and radical scav-
engers, which are particularly scavengers of most oxidizing mole-
cules such as singlet oxygen and various free radicals (Schubert
et al., 2007; Turkmen et al., 2006).

Antioxidant activity measured with DPPH ranged from 0.32 to
16.99 mg/g FW, while it ranged from 6.64 to 84.15 uM FeSO, FW
with the FRAP method (Table 4). Brito et al. (2015) reported low an-
tioxidant activity with DPPH and FRAP in Z. joazeiro. Antioxidants
are of interest to biologists and clinicians because they protect the
human body from the damage caused by reactive free radicals in
ischemic heart disease, cancer, Alzheimer, Parkinson, atherosclero-
sis, and even the aging process (Aruoma, 2003; Hemati et al., 2010).

There were significant correlations between chemical properties
(Table 5). Total phenol content showed significant and positive cor-
relations with total flavonoid content (r = 0.33), antioxidant activity
obtained with DPPH (r = 0.85), and antioxidant activity obtained
with FRAP (r = 0.54). The strong correlations have been reported
between total phenolics and antioxidant activity in different fruits
(Donno et al., 2015; Sachez-Salcedo et al., 2015; Hosseini et al., 2018;
Fereidoonfar et al., 2019; Krishna et al., 2020). Antioxidant activity
obtained with DPPH was positively and significantly correlated with
antioxidant activity obtained with FRAP (r = 0.77). High correlations
have been shown between antioxidant activity obtained with DPPH
and FRAP in different fruits (Krishna et al., 2020).

The Ward dendrogram divided the accessions studied into two
major clusters (Figure 4). The first cluster (I) was divided into two
sub-clusters. Sub-cluster I-A consisted of only Shooshtar-1 acces-
sion, characterized by the highest values for total phenol content and
antioxidant activity obtained with DPPH. Sub-cluster I-B consisted
of 11 accessions, characterized by higher total phenol content and
antioxidant activity obtained with DPPH. Also, the second cluster (ll)
was divided into two sub-clusters. Sub-cluster II-A included 10 ac-
cessions, characterized by higher antioxidant activity obtained with
FRAP. Sub-cluster II-B consisted of 26 accessions, characterized by
higher total flavonoid content. The fruits of Z. spina-christi are one
of the most important horticultural crops because they are rich in
nutritional values. The quantity of flavonoids that have protective
effects on human health has been one of the primary sources of fu-

ture industrial research in phytochemical studies of Z. spina-christi.

4 | CONCLUSION

The Z. spina-christi is a multi-purpose plant species that has high me-
dicinal uses and can also be used as a pasture and landscape. Besides,

due to the high nutritional value of its fruit, it can be considered

CWILEY-T

as a horticultural crop. The present study showed that the acces-
sions studied of this species have a high diversity in terms of mor-
phological traits and chemical properties that can be widely used to
introduce cultivars in breeding programs and the pharmaceutical in-
dustry. The obtained results can be used in selecting and introducing
cultivars with the desired traits. Based on the traits related to fruit
quality such as fruit weight, fruit skin color, and fruit flavor, as well
as in terms of chemical characteristics related to medicinal proper-
ties such as total flavonoids and antioxidant activity, 17 accessions,
including Shooshtar-1, Shooshtar-7, Shooshtar-10, Shooshtar-17,
Shooshtar-16, Shooshtar-2, Shooshtar-25, Shooshtar-13,
Shooshtar-29,  Shooshtar-33,  Shooshtar-30,  Shooshtar-21,
Shooshtar-3, Shooshtar-36, Shooshtar-5, Shooshtar-43, and
Shooshtar-20, were superior that could be used in breeding programs
or cultivated directly. The present results can be used in defining

conservation strategies, genetic improvement, and crop production.
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