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Abstract

The cultivation of Chinese jujube can be traced back 7,000 years to the Neolithic era, making it one of the oldest
cultivated fruit plants in the world. In Romania, Chinese jujube can be found in nature, semi-spontaneously, in
Jurilovea and Mahmudia in Tulcea County and Ostrov in Constanta County. This paper describes the genotypes of
Chinese jujube (Ziziphus jujuba Mill.) found in the Dobrogea region, specifically in Jurilovca, Mahmudia, Bugeac, and
Ostrov. The study focuses on the chemical analysis and mineral composition of seven local jujube genotypes from
Dobrogea and five Chinese cultivars. In the analyzed jujubes, sugar content varied between 15.91% to 31.07%;, dry
matter varied between 19.50% and 39.00%;, total polyphenols varied between 390 to 1,020 mg gallic acid/100 g,

calcium varied between 6.29 and 47.95 mg/100 g.
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INTRODUCTION

Ziziphus jujuba Mill., also known as jujube in
English or Zao in Chinese, originates from the
middle and lower regions of the Yellow River,
the "mother river" of the Chinese people. Its
fruits are often confused with Indian jujube
(Ziziphus mauritiana), but these are two
different species.

The Ziziphus jujuba tree produces flowers in
early summer (June-July), and the fruits ripen
gradually in autumn (September-October). The
fruits can be consumed fresh, dried, or
processed into juices, wines, syrups, preserves,
candies, and vinegar.

Jujube stands out with its unique composition,
encompassing 23 types of amino acids rarely
present in other fruits. This diversity
contributes to its reputation as a traditional and

functional Chinese food renowned for its
numerous health benefits. The primary
minerals in jujube include phosphorus,

potassium, calcium, and manganese. Notably,
sodium, zinc, copper, and iron are also present
(Shahrajabian, 2019).

The cultivation of Chinese jujube can be traced
back 7,000 years to the Neolithic era, making it
one of the oldest cultivated fruit plants in the
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world. During the Han Dynasty, approximately
2,000 years ago, the cultivation of Chinese
jujube spread throughout the entire region of
Northern and Southern China (Liu, 2020).

In Romania, Chinese jujube can be found in
nature, semi-spontaneously, in the localities of
Jurilovca, Mahmudia in Tulcea County, and
Ostrov in Constanta County. It is believed that
they reached our country through the Silk Road
and routes near ancient Greek, Roman, and
Byzantine cities, such as the Argamum Fortress
(Jurilovca, Tulcea County), Enisala Fortress (a
fortress overlooking the Razim and Babadag
lakes today), Salsovia Fortress (Mahmudia,
Tulcea County), and Vicina Fortress (located
on Pacuiul lui Soare Island, also known as the
sunken fortress in the Ostrov area, Constanta
County) (Stanica, 2019).

MATERIALS AND METHODS

The study was conducted by analyzing the
fruits of seven wild jujube genotypes identified
in Tulcea and Constanta County, namely the
Jurilovea, Mahmudia, Bugeac, and Ostrov
genotypes, and on five jujube cultivars, namely
Taigu Ban, Hu Ping, Xuan Cheng Jiang Zao,
Jun Zao, and Hongan.



The cultivars of Chinese jujube were analyzed
to compare wild jujube genotypes for a better
understanding.

This study aims to present several biochemical
characteristics of the fruits, such as sugar
content (%), soluble dry matter (%), acidity
(citric acid%/100 g), total polyphenols (mg
gallic acid/100 g), and antioxidant capacity (mg
Trolox/100 g). Additionally, the mineral
content, including lead (pg/kg), cadmium
(ng/kg), chromium (pg/kg), copper (mg/kg),
zinc (mg/kg), manganese (mg/kg), iron
(mg/kg), sodium (mg/100 g), potassium
(mg/100g), calcium (mg/100 g), and
magnesium (mg/100 g), were also analyzed.

RESULTS AND DISCUSSIONS

The presented data shows that sugar levels
varied significantly among the samples of
Chinese jujube fruits, with values ranging from
15.91% to 31.07%.

The Jurilovca III 1, Ostrov, and Jurilovca I 1
genotype exhibit the highest sugar levels,
31.07%, 29.90%, and 26.40%, respectively,
while the Hu Ping, Jun Zao, and Hongan
varieties had the lowest sugar levels, 15.91%,
16.35%, and 17.45% (Table 1, Figure 1).

The presented data in Figure 2 refers to the
acidity level expressed as citric acid (%)
measured in different samples of Chinese
jujube  fruits. Acidity is an essential
characteristic of fruits and can influence their
taste and quality.

Acidity levels vary significantly among
genotypes, ranging from 0.26% to 1.05%.
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Figure 2. Acidity (citric acid %/100 g)

The Mahmudia 2, Jurilovca III 1, and
Mahmudia 1 genotypes exhibit the highest
acidity levels, 1.05%, 1.04%, and 0.90%. At
the same time, the fruits of the Hongan, Taigu
Ban, and Jun Zao varieties have the lowest
acidity levels, 0.26%, 0.40%, and 0.40%,
respectively (Table 1.)

Table 1. Biochemical analyses

Acidity Soluble dry matter Total polyphenols Antioxidant

Genotype Sugar content (%) (citric acid %/ (%) (mg gallic acid/ capacity (mg

100 g) 100 g) Trolox/100 g)
Jurilovea I 1 26.4 0.83 25.50 690 375.0
Juriloveca 12 19.04 0.73 24.75 750 382.5
Jurilovea III | 31.07 1.04 27.00 780 405.0
Mahmudia 1 19.71 0.9 21.75 720 397.5
Mahmudia 2 22.49 1.05 30.00 1020 442.5
Ostrov 29.9 0.64 39.00 510 232.5
Bugeac 26.17 0.64 34.5 690 315.0
Taigu Ban 19.03 0.40 21.00 420 142.5
Hu Ping 1591 0.41 19.50 390 120.0
Xuan Chen Jiang Zao 19.48 0.62 19.50 540 270.0
Jun Zao 16.35 0.40 21.00 480 202.5
Hongan 17.45 0.26 24.00 450 240.0
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Dry matter content (%) measured in different
fruit genotypes is presented in Figure 3, being

an indicator of fruit quality.

The dry matter levels varied significantly

among genotypes, ranging from 19.5% to 39%.
The Ostrov, Bugeac, and Mahmudia 2
genotypes exhibit the highest levels of soluble
dry matter, 39.00%, 34.50%, and 30.00%. At
the same time, the fruits of the analyzed
cultivars Hu Ping, Xuan Chen Jiang Zao, and
Jun Zao had the lowest levels for dry matter,
19.50%, 19.50%, and 21.00%.
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Figure 3. Dry matter (%)
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Figure 4. Total polyphenols (mg gallic acid/100 g)

Polyphenols are organic compounds found in
plants and are considered beneficial for health
as they can help prevent chronic diseases such
as cardiovascular diseases and cancer. In
general, foods that contain high levels of
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polyphenols are considered healthy, and
consuming them can benefit health.

Total polyphenol levels varied significantly
among samples of Chinese jujube fruits,
ranging from 390 to 1,020 mg gallic acid/
100 g. Mahmudia 2, Juriloveca III 1, and
Jurilovca I 2 exhibit the highest levels of total
polyphenols, with values of 1,020 mg gallic
acid/100 g, 780 mg gallic acid/100 g, and 750
mg gallic acid/100 g, respectively. At the same
time, the fruits of the analyzed cultivars Hu
Ping, Taigu Ban, and Hongan had the lowest
levels of total polyphenols, with values of
390 mg gallic acid/100 g, 420 mg gallic
acid/100 g, and 450 mg gallic acid/100 g,

respectively (Table 1., Figure 4).
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Figure 5. Antioxidant capacity (mg Trolox/100 g)

Antioxidant capacity refers to the ability of a
substance to neutralize or prevent cellular
damage caused by free radicals and other
reactive oxygen species. Antioxidants can be
found in various foods, including fruits and
vegetables, and help protect cells and tissues
from oxidative stress and the adverse effects of
aging and chronic diseases.

According to the presented data, antioxidant
capacity measured by the DPPH method varied
significantly among genotypes, with values
ranging from 120 to 442.5 mg Trolox/100 g.
Mahmudia 2, Juriloveca III 1, and Mahmudia 1
genotypes exhibited the highest antioxidant
capacities with values of 442.50 mg Trolox/
100 g, 405 mg Trolox/100 g, and 397.50 mg
Trolox/100 g, while the fruit samples of the
Chinese jujube cultivars Hu Ping, Taigu Ban,
and Jun Zao had the lowest antioxidant



capacity values of 120 mg Trolox/100g, 142.50
mg Trolox/100 g, and 202.50 mg Trolox/100 g,

respectively (Table 1., Figure 5).

Table 2. Mineral contain of Chinese jujube fruits

Genotype Pb Cd Cr Cu Zn Mn Fe Na K Ca Mg
ng/kg ng/kg ng/kg mg/kg mg/kg mg/kg mg/kg mg/100 g | mg/100 g | mg/100 g mg/100 g

Jurilovea T 1 7.88 <1 164.18 0.9 29 2.89 1.28 22.61 42.09 38.95 10.99
Jurilovea 12 13.53 <1 13796 | 0.99 1.96 251 0.38 22.95 51.99 37.51 11.06
Jurilovea IIT 1 16.8 <1 242 1.98 3.85 3.77 0.7 26.08 53.61 47.95 11.9
Mahmudia | | 49.86 | 3.87 102.2 0.76 2.59 4.06 0.13 25.42 55.16 34.66 11.56
Mahmudia 2 9.21 <1 63.4 147 372 4.03 0.39 26.78 51.06 36.3 11.94
Ostrov 4543 | 3.66 <1 1.54 221 248 0.22 26.41 52.54 14.44 9.46
Bugeac 8.9 <1 543.6 0.6 248 3.39 02 19.51 47.87 25.09 10.68
Taigu Ban 26.73 217 | 13039 1.89 6.28 2.04 124 32.02 53.6 9.44 821
Hu Ping 17.68 1.89 63.46 3.14 1.39 193 05 33.18 49.43 6.29 7.78
)%;ngcz};eon 20.77 258 | 11238 1.49 2.79 1.52 0.49 24.55 54.07 9.57 8.78
Jun Zao 17.37 23 <1 1.97 293 224 1.42 3239 51.88 8.33 7.85
Hongan 40 22 188.6 1.86 228 2.08 1.89 3035 49.79 9.97 8.47

The highest lead content was recorded on
Mahmudia 1 and Ostrov genotypes with values
of 49.86 ng/kg and 45.43 pg/kg. In contrast, in
the Chinese jujube varieties, the highest values
were found in the Taigu Ban variety, with a
weight of 26.73 ng/kg, and the Xuan Chen
Jiang Zao variety, with a value of 20.77 pg/kg.
According to Commission Regulation (EC) No.
1881/2006 on maximum levels for specific
contaminants in food products, the permissible
limit for lead content in fruits is 0.1 mg/kg,
equivalent to 100 pg/kg (Table 2).
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Figure 6. Content of lead, cadmium, and chromium
(ng/kg) from jujube fruits

Cadmium is another heavy metal that can be
toxic to the human body and can be found in
some fruits and vegetables, especially those
grown in contaminated soils or exposed to
other sources of pollution such as water or air.
Generally, fruits with thicker skins, such as
bananas, oranges, and grapefruits, tend to have
lower cadmium content than fruits with thinner
skins, such as apples or grapes. In our case, the
highest values were recorded in the fruits of
Mahmudia 1 and Ostrov genotypes, with values
of 3.87 pg/kg and 3.66 pg/kg. In the Chinese
jujube varieties, the highest values were found
in the fruits of Xuan Chen Jiang Zao and Jun
Zao varieties, with values of 2.58 pg/kg and
2.30 pg/kg, respectively (Figure 6). According
to Commission Regulation (EC) No. 1881/2006
on maximum levels for specific contaminants
in food products, the permissible limit for
cadmium content in fruits is 0.05 mg/kg,
equivalent to 50 pg/kg. Chromium is an
essential trace element for the human body and
can be found in many foods, including fruits
and vegetables. However, excessive
consumption of chromium can be toxic to the
body. In our case, the highest values in
Ziziphus jujube genotypes were recorded in the
Bugeac and Jurilovea III 1 genotypes, with
543.64 pg/kg values and 242.0 pg/kg values.
On the Chinese jujube varieties, the highest
values were found in Hongan and Taigu Ban
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varieties, with values of 188.59 ng/kg and
130.39 pg/kg (Table 2.).
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Figure 7. Content of Cu, Zn, Mn and Fe from jujube
fruits (mg/kg)

Copper is an essential mineral for human
health, involved in various physiological
processes such as red blood cell formation and
energy production. However, excessive copper
consumption can be toxic and adversely affect
health. In this case, the highest values recorded
in Chinese jujube genotypes were found in the
Jurilovea III 1 and Ostrov genotypes, with
values of 1.98 mg/kg and 1.54 mg/kg,
respectively. In the analyzed Chinese jujube
varieties, the highest values were found in the
Hu Ping and Jun Zao varieties, with values of
3.14 mg/kg and 1.97 mg/kg (Table 2, Figure 7).
Zinc is an essential mineral for human health
and can be found in many foods, including
some fruits. Zinc plays a vital role in the
functioning of the immune system, wound
healing, and average growth and development
of the body. In this case, the highest zinc
content was recorded in the Jurilovca III 1 and
Mahmudia 2 genotypes, with values of 3.85
mg/kg and 3.72 mg/kg, respectively. In the
analyzed Chinese jujube varieties, the highest
values were found in the Taigu Ban and Jun
Zao varieties, with values of 6.2 mg/kg and
2.93 mg/kg (Table 2, Figure 7).

Manganese is an essential mineral for the
human body and is necessary for the normal
functioning of many enzymes and metabolic
processes. Manganese can be found in many
foods, including fruits such as bananas, berries,
and pineapple. In this case, the highest content
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recorded in Chinese jujube genotypes was
found in the Mahmudia 1 and Mahmudia 2
genotypes, with values of 4.06 mg/kg and
4.03 mg/kg, respectively. In the analyzed
Chinese jujube varieties, the highest values
were identified in the Jun Zao and Hongan
varieties, with values of 2.24 mg/kg and
2.08 mg/kg (Table 2, Figure 7).

Iron is an essential mineral for the human body
and is necessary for producing hemoglobin in
the blood, which carries oxygen to the cells.
ron can be found in many foods, including
some fruits such as plums, figs, and raisins.
The highest iron content in our case was
recorded in the Jurilovca I 1 and Jurilovca III 1
genotypes, with values of 1.28 mg/kg and 0.70
mg/kg, respectively. In the analyzed jujube
varieties, the highest values were found in the
Hongan and Jun Zao varieties, with values of
1.89 mg/kg and 1.42 mg/kg (Table 2, Figure 7).
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Figure 8. Content of Na, K, Ca and Mg from jujube fruits
(mg/kg)

The genotypes with the lowest sodium content
were Bugeac, Jurilovea I 1, and Jurilovea I 2,
with  values of 19.51, 22.61, and
22.95 mg/100g, respectively. On the other
hand, the analyzed varieties, Hu Ping, Jun Zao,
and Taigu Ban, had higher sodium content with
values of 33.18, 32.39, and 32.02 mg/100 g,
respectively (Table 2, Figure 8). Generally, the
sodium levels in these genotypes varied
significantly, which can be important when
selecting or choosing between different
Chinese jujube varieties based on their sodium
content. High sodium content may be
associated with specific health issues like
hypertension.



A significant variation in potassium content can
be observed among genotypes, ranging from
42.09 mg/100 g to 55.16 mg/100 g. The highest
potassium levels were found in the genotypes
Mahmudia 1, Jurilovca III 1, and Ostrov, with
55.16, 53.61, and 52.54 mg/100g values. In
contrast, the lowest levels were recorded in
Jurilovca I 1, Bugeac, and the Hu Ping variety,
with 42.09, 47.87, and 49.43 mg/100 g values,
respectively (Table 2, Figure 8).

Calcium is an essential mineral for the human
body, involved in various physiological
functions such as maintaining bone and teeth
health, nerve impulse transmission, muscle
contraction, and blood clotting. A calcium-rich
diet can reduce the risk of osteoporosis and
bone fractures in advanced age.

The calcium content in these genotypes varied
significantly, ranging from 6.29 mg/100 g to
47.95 mg/100 g. Genotypes with the highest
calcium values were Jurilovca III 1, Jurilovea I
1, and Jurilovca 1 2, with values of 47.95,
38.95, and 37.51 mg/100 g, respectively. On
the other hand, the lowest values were recorded
in the Hu Ping, Jun Zao, and Taigu Ban
cultivars, with values of 6.29, 8.33, and
9.44 mg/100 g, respectively (Table 2, Figure 8).
Magnesium is an essential mineral for health,
involved in several critical metabolic processes
such as protein and DNA synthesis, nervous
and muscular system function, and blood
glucose regulation. Additionally, magnesium
plays a crucial role in maintaining bone and
heart health.

It can be observed that all genotypes had a
magnesium content of around 10 g/100 g.
However, there is a slight variation among
genotypes, with the highest values found in the
genotypes Mahmudia 2, Jurilovca IIT 1, and
Mahmudia 1, with values of 11.94, 11.90, and
11.56 g/100 g, respectively. Meanwhile, the
lowest values were present in the Hu Ping, Jun
Zao, and Taigu Ban varieties, with values of
7.78, 7.85, and 8.21 g/100 g, respectively
(Table 2, Figure 8).

CONCLUSIONS

The analysis of the biochemical composition of
Chinese jujube fruits revealed their significant
abundance in sugar content, dry matter,
polyphenols, and antioxidant capacity. Among
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the studied genotypes, Jurilovca III 1 showed
higher wvalues than most genotypes, with
Mahmudia 2 following closely.

As for mineral content, among the studied
genotypes again, Jurilovca III 1 showed higher
values for more minerals than others, followed
by Mahmudia 1 this time.

All fruits from the wild genotypes, except for
Ostrov, present higher potassium, calcium, and
magnesium values than those of the analyzed
varieties.
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