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Abstract: This work represents a comprehensive study of the nutritional composition of
primary nutrients for two main cultivars of Syrian jujube fruits (Ziziphus jujuba cv. junzao,
Ziziphus jujuba cv. yazao). Phytochemical screening of the jujube fruit extracts was carried
out and the contents of moisture, carbohydrate, fats, fibers, proteins and ash were
determined according to standard methods. Eight mineral elements (Ca, K, P, Na, Fe, Zn,
Cu and Mn) were also determined by atomic absorption spectroscopy. The results revealed
that both cultivars have a high nutritional value, but showed significant differences in the
nutritional composition. To the best of our knowledge, this is the first study that addresses
the phytochemical properties and the nutritional composition of Syrian jujube fruits.
Keywords: Jujube fruits (Ziziphus jujuba Mill.), Cultivar, Principal component analysis,
Nutritional composition, Mineral elements.

Introduction
Jujube (Ziziphus jujuba Mill.) belongs to the
buckthorn family (Rhamnaceae)[1] and is widely
distributed in Asia and Europe[2]. When unripe,
the fruit has the same shape and taste as apples
with a reddish-green color, while it has the same
shape and taste as sweet dates with a reddish or
blackish brown color when the fruit is ripe[3].
The fruit is famous for its high nutritional and
medical values[4]. It is a rich source of primary
and secondary metabolites[1]. The primary
metabolites include carbohydrates, proteins,
nucleic acids and fatty acids[1] which are
necessary for the living body to continue
growing and breeding[5], whereas secondary
metabolites, such as polyphenols and flavonoids
are known for their antioxidant properties[1].
Since ancient times, the jujube fruit was used
in folk medicine[6] because of its therapeutic
usefulness; for example, in enhancing immunologic functions, tranquilizing the mind, resisting
fatigue, beautifying and nourishing the face,
inhibiting tumor growth, resisting oxidation and
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aging, etc[7,8]. The therapeutic effect of jujube
was recently attributed to the presence of many
bioactive compounds in it[9,10]. The Chinese
share of global jujube production is about 90%
and its production has increased globally in
recent years due to the increase in demand for
pharmaceutical and nutritional applications[11].
In general, there are few studies available on
the nutritional composition of the jujube fruits.
The nutritional composition of Chinese jujube[1112]
, Korean jujube[13], in addition to the
nutritional changes as maturity proceeds of
Indian jujube[14] were determined. There are also
many papers that focus on studying the chemical
composition of secondary metabolites (phenolic
acids, flavonoids, anthocyanins, saponins,
alkaloids and terpenes) and shed light on the
biological effects of the jujube fruits as
antioxidant[15-16], anticancer[17], antidiabetic[18-19]
and antiobesity agents[20-21].
Nowadays, interest in medicinal plants and in
growing them has significantly increased. Jujube
is not well known in Syria, as it is not grown for
commercial production and its cultivation is
Email: alghadbansaja@gmail.com
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generally limited to home gardens. There is a
lack of any information about the phytochemical
as well as nutritional composition of Syrian
jujube and this work represents, to the best of
our knowledge, the first work with this respect.
Therefore, this study aims at screening the
phytochemicals and determining the composition
of primary nutrients and minerals for two main
cultivars of Syrian jujube fruits, Ziziphus jujuba
cv. Junzao and Ziziphus jujuba cv. yazao.

Materials and Methods
All chemicals used were of analytical reagent
grade. Ethanol, hexane, hydrochloric acid,
sodium hydroxide, sulfuric acid and boric acid
were purchased from Panreac AppliChem,
chloroform was purchased from Surechem

Products, glucose and phenol were purchased
from Riedel de Haën. All solutions were
prepared with deionized water.
Two cultivars of Syrian jujube fruits were
harvested in November 2020 from two different
geographical provinces; Rif Damascus (Al-Tall
district) in southwestern Syria and Latakia (AlHaffah district) in northwestern Syria. Detailed
information about the location is summarized in
Figure 1 and Table 1. The plants were authenticated by Professor Georgette Babujian (Department of Plant Biology, Faculty of Science,
Damascus University, Damascus, Syria). The
fruits were cleaned and dried in air, finely
ground and packed in sealed plastic bags, then
stored in the freezer for later use.

Figure 1. Geographical location of the studied jujube samples.
Table 1. A comparison between the two studied cultivars with respect to location.
Ziziphus jujuba cv. Junzao

Ziziphus jujuba cv. Yazao

Province

Rif Damascus

Latakia

District

Al-Tall

Al-Haffah

Height above sea level

1100 m

310 m

Temperature
Precipitation rate

30.25 °C
250–400 mm

17.83 °C
750–850 mm

Soil type

Grumosol

mediterranean soil

Date of planting

2012

2009

Date of harvesting

November 2020

November 2020

Maturity level

full maturity level

full maturity level
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The jujube fruits were subjected to extraction
by ethanol as follows: 5 g of jujube fruits were
treated for 10 min with 15 mL of 60% ethanol
(v/v) in an ultrasound bath at room temperature.
The extract was filtered and then the volume was
completed to 25 mL with ethanol. The mixture
was centrifuged at 4000 rpm for 10 min and the
supernatant was filtered using 0.22 μm- filter
paper[12]. Phytochemical screening was carried
out for the detection of some bioactive
components following standard procedure
reported in references [22-24]. These include
saponins[22], phlobatanins[22], steroids[22], flavonoids[23], terpenes[23], tannins[23] and anthocyanins[24]. Moisture, fat, fiber and ash content were
determined according to the AOAC standard
methods (A.O.A.C., 2010)[25]. The jujube fruits
were also analyzed with respect to their content
of mineral elements. Eight mineral elements (Ca,
K, P, Na, Fe, Zn, Cu and Mn) were thereby
analyzed according to the AOAC standard
methods (A.O.A.C., 2010)[25] by atomic
absorption
spectroscopy
(VARIAN
SPECTRAA-880). The nitrogen content (%N ×
6.25) in jujube fruit was calculated for the crude
protein content using a Kjeldahl apparatus
according to the AOAC standard method
(A.O.A.C., 2010)[25].
To determine the total carbohydrate content,
the carbohydrates were first extracted from the
jujube fruits through the method of Chen et al.[12]
Briefly, 2.5 g of freeze-dried jujube fruit was
mixed with 15 mL of deionized water. The
output mixture was heated in a water bath at 80
°C for 30 minutes and filtered through filter
paper (0.22 μm). 0.3 mL was added of a solution
containing potassium ferrocyanide (0.25 mM)
and zinc acetate (1 mM), then the volume was
completed to 25 mL using deionized water. The

total carbohydrates content was determined by
the phenol sulfuric acid method[26]. Briefly, a
known volume of the sample was added to a test
tube and the volume was completed to 1 mL
using deionized water. Then, 1 mL of a solution
of phenol (5%) and 5 mL of concentrated
sulfuric acid (98%) were added. After mixing,
the combined solution is left at 30 °C for 20 min
in a water bath and then absorbance was
measured at 490 nm on a HumaReader HS UVvisible spectrophotometer. The values of carbohydrates concentration were extrapolated using a
standard curve of glucose within the domain (0–
100 mg/L, R2=0.9996). The results were
expressed as equivalent to glucose GlC/g dry
weight (dw).
All measurements were repeated 6 times (n =
6). Results were analyzed by IBM® SPSS®
Statistics program (Version 20.0) and an
independent sample t-test was conducted to
determine the values that differed from each
other. Differences were considered statistically
significant if p < 0.05. The results are expressed
as mean ± standard deviation.

Results and Discussion
The contents of the bioactive compounds of
extracts were compared according to a classification by Trease and Evans[27]. The extracts of
jujube fruits are rich in bioactive compounds, as
shown in Table 2. Both cultivars (junzao and
yazao) showed similar compositions of steroids,
flavonoids, tannins, saponins, anthocyanins and
terpenes with the absence of phlobatannins.
These results agree with previous studies
conducted on the ethanolic extracts of Nigerian
jujube[22] and Indian jujube[28].

Table 2. Results of the phytochemical screening analysis of the ethanolic extracts of the two
cultivars of jujube fruits.
Phytochemical compounds
Steroids
Saponins
Flavonoids
Tannins
Phlobatannins
Anthocyanins
Terpenes
Key: + = present, – = absent .

Ziziphus jujuba cv. junzao
+
+
+
+
−
+
+

Ziziphus jujuba cv. Yazao
+
+
+
+
−
+
+
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Moisture content is considered an important
standard to evaluate the quality of jujube
fruits[12]. The percentage of moisture in the
studied jujube was determined and the results
referred to that Ziziphus jujuba cv. yazao has
more moisture (20.93±0.09%) than Ziziphus
jujuba cv. Junzao (16.06±0.04%), as shown in
Table 3. The differences are attributed to the
variation in fruit location, its farming conditions
(like climate, air temperature, sunshine and
precipitation rate), where the climate of Latakia
district is characterized by high humidity and
high precipitation rate in comparison with the
climate of Rif Damascus district which is
characterized by drought, as shown in Table 1.
Plant fats are healthy and essential for the
living body because fats are the main source of

energy, metabolism regulation and blood sugar
regulation[29]. Total fat in Ziziphus jujuba cv.
yazao showed a larger content (0.63±0.03%) in
comparison with Ziziphus jujuba cv. Junzao
(0.46±0.02%); about 1.36 times as shown in
Table 3. Again, the differences are attributed to
the variation in the studied cultivar and fruit
location, its farming conditions (like climate, air
temperature, sunshine, and precipitation rate),
soil type, and the year in which the jujube fruit
was planted (Table 1). Our results are consistent
with those of Li et al. who studied the two
cultivars (Junzao and yazao) and observed that
the yazao cultivar has a 1.43 times higher fat
content than the Junzao cultivar[11].

Table 3. Nutritional composition of primary nutrients for two cultivars of jujube fruits.
Nutritional composition

Ziziphus jujuba cv. Junzao
a

Ziziphus jujuba cv. Yazao

Moisture %
Fat %

16.06±0.04
0.46±0.02a

20.93±0.09b
0.63±0.03b

Fiber %

6.04±0.04a

9.61±0.01b

Ash %

1.83±0.02a

2.76±0.06b

protein %
carbohydrate %

4.84±0.04a
60.65±0.02b

7.24±0.03b
51.03±0.05a

Expressed on a dry weight basis. Each value is expressed as mean ± standard deviation (n =6).
Means with diﬀerent letters (a, b) within a row are signiﬁcantly diﬀerent (p < 0.05) by t-test.
Dietary fibers are healthy and essential for
the living body and have a role in the treatment
of type 2 diabetes as well as in decreasing
cholesterol levels in the blood[30]. The total fiber
content in Ziziphus jujuba cv. yazao showed a
larger content of fibers (9.61±0.01%) in
comparison with Ziziphus jujuba cv. Junzao
(6.04±0.04%); about 1.59 times, as shown in
Table 3. It was observed that the fiber value of
Junzao cultivar in this study was closer to that of
Chinese jujube of the same cultivar collected
from four different districts[12]. Our results are
also consistent with those of Li et al. who found
that the yazao cultivar has a 1.23 times higher
fiber content than the Junzao cultivar[11].
The determination of ash is considered
essential for mineral element analysis, as mineral
elements are responsible for preventing many
diseases. The total ash content in Ziziphus jujuba
cv. yazao (2.76±0.06%) was 1.51 times larger
than that of Ziziphus jujuba cv. Junzao
(1.83±0.02%), Table 3. Our results are
inconsistent with those reported by Li et al. who

found that the Junzao cultivar has a higher ash
content than the yazao cultivar (about 1.08
times)[11]. In addition to the different plant
location and farming conditions, the difference
in the year in which the cultivar was planted in
each country and the date it had been harvested
(September to October of 2003)[11] as well can be
drawn to explain the different trends we report.
Proteins are basic nutritional compounds for
the human body. They are considered the main
units which make up the body tissues, but can
also work as an energy source[31]. The total
protein content in Ziziphus jujuba cv. yazao
(7.24±0.03%) was about 1.59 times larger than
that in Ziziphus jujuba cv. Junzao (4.84±0.04%),
Table 3. Li et al. reported the same trend for the
two cultivars, but the difference in the protein
content between the cultivars was remarkably
less (protein content in the yazao cultivar was
only 1.06 times larger than that in the Junzao
cultivar)[11]. Moreover, the protein content of
Syrian jujube fruits of the Junzao cultivar was
larger than that reported for Chinese jujube of
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the same cultivar collected from four different
districts[12]. It was also observed that the protein
content of the two cultivars in this study at full
maturity is higher than that in Korean jujube at
the same maturity stage (S8, 4.6±0.06%)[32].
Carbohydrates in jujube fruits are responsible
for the sweetness index[33]. Ziziphus jujuba cv.
Junzao showed about 1.18 times larger content
of carbohydrates (60.65±0.02%) in comparison
with Ziziphus jujuba cv. yazao (51.03±0.05%),
Table 3, where almost equal carbohydrate
contents were reported for the two cultivars in
reference [11]. On the other hand, the
carbohydrate, content in Chinese jujube of the
same cultivars was higher than that reported by
us for the Junzao and yazao cultivars by 1.35
and 1.58 times, respectively[12]. In general,
jujube fruits have a fairly large portion of
carbohydrates which is attributed to existing
large amounts of simple carbohydrates]34[,
especially fructose, which is not so harmful for
diabetic patients[35]. The fructose content
increases by drying the fruits[36].
The results of mineral element analysis
showed that potassium is the most abundant
element in both cultivars of Syrian jujube fruits,
followed by phosphorus, calcium, manganese,
iron, sodium, zinc and copper, respectively
(Table 4). The results agree with other
reports[11,33]. The content of free potassium
ranged from 179.07±0.06 mg/100 g in Ziziphus
jujuba cv. yazao to 201.01±0.05 mg/100 g in
Ziziphus jujuba cv. Junzao. Potassium is
essential for controlling blood sugar level, so
that diabetic patients are advised to keep blood
potassium level at natural ratios[37]. The content

of free phosphorus ranged from 72.95±0.02
mg/100 g in Ziziphus jujuba cv. Junzao to
103.57±0.03 mg/100 g in Ziziphus jujube cv.
yazao. Phosphorus is considered the mineral
which is responsible for strong bones and
teeth[38], where decreased phosphorus levels in
the living body lead also to a disturbance in the
balance of calcium levels in the body[39]. The
content of calcium in Ziziphus jujuba cv. yazao
was larger in value (91.94±0.03 mg/100 g) than
in Ziziphus jujuba cv. Junzao (65.82±0.03
mg/100 g). Calcium is necessary for maintaining
strong bones[39] and blood pressure control[40]. It
was observed that manganese and sodium are
present in Ziziphus jujuba cv. yazao at larger
values (40.07±0.04 mg/100 g) and (7.59±0.03
mg/100 g), respectively, in comparison with
Ziziphus jujube cv. Junzao (34.63±0.04 mg/100
g and 5.96±0.03 mg/100 g, respectively), as
shown in Table 4. Manganese is an important
nutritional element, especially for regulating the
metabolic processes in the body[38], whereas
sodium regulates fluid balance in the body[38,41].
It was also observed that Ziziphus jujuba cv.
Junzao has a higher content of iron (9.25±0.02
mg/100 g) than Ziziphus jujube cv. yazao
(7.68±0.02 mg/100 g). This can be attributed to
the type of soil in the district where Ziziphus
jujuba cv. yazao was planted, which is
overlooking the Mediterranean sea and is
distinguished by a high pH and low content of
organic matter[38]. Both Ziziphus jujuba cv.
Junzao and Ziziphus jujube cv. yazao have low
quantities of zinc and copper in comparison with
the other mineral elements, as

Table 4. Mineral elements content for two cultivars of jujube fruits.
Mineral elements

Ziziphus jujuba cv. Junzao

Ziziphus jujuba cv. Yazao

Potassium

201.01±0.05b

179.07±0.06a

Phosphorus
Calcium

72.95±0.02a
65.82±0.03a

103.57±0.03b
91.94±0.03b

Manganese

34.63±0.04a

40.07±0.04b

Iron

9.25±0.02b

7.68±0.02a

Sodium

5.96±0.03a

7.59±0.03b

Zinc

0.42±0.02b

0.26±0.03a

Copper

0.19±0.03a

0.28±0.04b

(mg/100g)

Expressed on a dry weight basis. Each value is expressed as mean ± standard deviation (n =6).
Means with diﬀerent letters (a, b) within a row are signiﬁcantly diﬀerent (p < 0.05) by t-test.
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Table 4 shows. Zinc helps in growing the body,
building proteins and manufacturing nucleic
acids[34]. Copper is good for regulating the heart
rate and blood pressure[42]. The results of mineral
elements of this study are in general consistent
with those reported in literature[11].
In total, the results of this study indicated that
there are significant differences in the composition of primary nutrients and mineral elements of
the two cultivars of Syrian jujube fruits investigated in this study (Ziziphus jujube cv. junzao
and yazao, Tables 3 and 4). Both cultivars are
rich in minerals and bioactive compounds.
However, the full composition of Syrian jujube
is still not known. More studies are required to
explore, for example, the nutritional changes
with growth and maturity. The chemical
composition and bioactivity of this tree must also
be determined where nutritional and medical
applications can be realized.

Conclusions
This is the first work that studies the
nutritional composition of primary metabolites in
Syrian Jujube fruits. The content of moisture,
fats, fibers, ashes, proteins, carbohydrates and
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that of eight mineral elements were determined.
The ethanolic fruit extracts of the two cultivars
investigated in this study (Ziziphus jujube cv.
junzao and yazao) were also phytochemically
screened. Differences in the nutritional composition of the two cultivars grown in two different
geographical districts are reported. The results of
this study support the potential jujube fruits to be
a beneficial food to improve health. There is a
need for more studies on Syrian jujube fruits.
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