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Abstract.
BACKGROUND: A diet rich in fruits and fruit-based products could improve human health. Jujube fruit is getting popularized
in the world due to the high content of vitamin C, phenolic, flavonoids, polysaccharides and natural colorant properties.
OBJECTIVES: The objective of this study was to evaluate the morphological and biological properties (antioxidant activity,
total polyphenol, flavonoid and carotenoid content) of 15 genotypes of dry jujube fruit from Nova Kachovka (Ukraine).
MATERIALS AND METHODS: Morphological characteristics (weight, width, and length), antioxidant activity by two dif-
ferent methods (DPPH, molybdenum reducing antioxidant power) and content of total polyphenols, flavonoids and carotenoids
were analyzed in jujube fruit.
RESULTS: The average weight of jujube fruit ranged from 2.52 to 19.37 g, width from 16.66 to 35.60 mm and length
from 18.11 to 40.69 mm. Total polyphenol content ranged from 8.76 to 21.61 mg GAE per g, total flavonoid content from
1.49 to 11.57 �g QE per g and total carotenoid content from 1.53 to 14.31 �g per g. All tested samples exhibited DPPH•

radical scavenging activities with values from 11.18 to 16.82 mg TEAC per g. Antioxidant activity by molybdenum reducing
antioxidant power method ranged from 209.64 to 481.55 mg TEAC per g of dry matter. Differences between the genotypes
were significant in all observed parameters.
CONCLUSION: The results showed that the jujube fruit is rich in bioactive compounds and can be used in food, medicine
and pharmacy industry.
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1. Introduction

Jujube (Ziziphus jujuba Mill.) is a plant of the family Rhamnaceae traditionally cultivated in the Mediterranean
region, Southern and Eastern Asia and South China [1]. Nowadays, jujubes are widely distributed in Asia,
Australia and Europe, including Slovakia. The jujubes trees attract the attention of researchers and food producers
because of their drought tolerance and perspective of usage of those in food production [2]. Jujube fruits are
increasingly eaten fresh or used as the food compounds because of the excellent nutritional properties. Chemically,
the jujubes contain 81–83% of moisture, vitamins (A, B complex and especially C vitamin), sugars (22%;
galactose, fructose, and glucose), organic acid (citric, malonic, and malic acids), minerals (Ca, K, and Fe), fatty
acids (oil content of 0.76–1.8%; oleic acid (71.7%), and linoleic acid (15%), amino acids (0.8%; Asn, Pro, Arg,
Ala, Glu, Ser, Asp), fiber (1.3%), and polyphenols [9].

Jujube fruits have been applied in several food products processing, including compotes, alcoholic beverages,
chutneys, pickles, cakes and bread, mainly in India and in Africa [4]. However, the jujube fruits possess the health
promoting properties and are commonly used in Traditional Chinese Medicine for detoxification, preventing
of anemia, analeptic, palliative and immunity improvements. The peel and pulp of jujube fruit were used in
folklore medicine for the relief of a cough and cold and as an expectorant. The bark of jujube has been used for
antiflatulence, antidiarrhea and anti-vomiting properties while the leaves were consumed as the tea and applied
in a cold pack on the head for cold relief and decongestion, including antidiabetes. The seeds of jujube share the
sedative and hypnotic effects [10].

The color of jujube peel turns from green to yellow, then to reddish and finally to red during maturation. These
peel colors represent maturity stages typically called the green fruit stage, white maturity, half-red maturity and
red maturity stage, respectively [3]. Jujube fruits are perishable in the fresh state and deteriorate within ten days
under ambient conditions after harvest [5]. Thus, the dried jujubes have been the predominant commercial form
due to their long shelf life, convenience and desirable quality [5, 6].

Despite well-known nutritional compounds, the jujube fruit is still underexplored commercially, mainly,
because of the content of bioactive compounds, which exhibits the significant health-promoting effect on con-
sumer health [8]. The high antioxidant activity of the extracts from different parts of jujube fruit such as peel,
pulp and seeds has been reported. This antioxidant activity has been attributed to the high level of phenolic
compounds. Jujube fruit is known to contain a considerable amount of phenolic compounds, including chloro-
genic acid, gallic acid, protocatechuic acid and caffeic acid [7]. The quality of available commercially jujube
depends on the contents of bioactive compounds such as polyphenols, flavonoids and carotenoids. However, the
various factors could influence bioactivity with the geographical environment, cultivar, processing and storage
conditions to be among the most important.

Jujubes are an outstanding source of many nutrients and phytochemicals components with still unrevealed
potential for commercial use and contribution to a healthy diet. Therefore, the objective of this study was to
determine the morphological parameters and biological activity of 15 genotypes of dry jujube fruit (Ziziphus
jujuba Mill.) from Ukraine, including detection of antioxidant activity in vitro, phenolic composition and total
carotenoid content.

2. Materials and methods

2.1. Biological material

Jujube fruits (Ziziphus jujuba Mill.) were collected in 2014 from trees growing in the Nova Kachovka, Ukraine.
The ripened fruits were picked from trees in red maturity stage. The plants were botanically identified in the
Institute of Biodiversity Conservation and Biosafety of the Slovak University of Agriculture in Nitra. Jujube fresh
pulp was separated from stone and dried in the oven (Binder 115, Germany) at 38 ◦C temperature, 48 hours.
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Samples were identified as ZJ (Ziziphus jujuba) and the numbers from 1 to 15 were used for further identification
of genotypes.

2.2. Morphological analysis of jujube fruits

The following properties were measured by morphological analysis:
a) Fruit length in mm, n = 15 of each genotype were measured with a digital caliper (Proteco, Czech Republic).
b) Fruit width in mm, n = 15 of each genotype were measured with a digital caliper (Proteco, Czech Republic).
c) Fruit weight in g, n = 15 of each genotype were weighted on an analytical balance (Kern ADB-A01S05,

Germany).
d) Fruit jujube stone weight in g, n = 15 of each genotype were weighted on an analytical balance (Kern

ADB-A01S05, Germany).

2.3. Chemicals

All the chemicals used were of analytical grade and were purchased from Sigma-Aldrich (St. Louis, MO,
USA) and CentralChem (Slovakia).

2.4. Sample preparation

The dry jujube pulp was used for detection of total phenolic content and total flavonoid content. An amount
of 0.25 g of each sample was extracted with 20 mL of 80% ethanol for 24 h. Then, the sample in 80% ethanol
was centrifuged at 4000 rpm (Rotofix 32 A, Hettich, Germany) for 10 min and the supernatant was used for
measurement with the DPPH and molybdenum reducing antioxidant power methods.

For detection of total carotenoid content, an amount of 0.5 g of dry jujube pulp was homogenized in the mortar
with sea sand and repeatedly extracted with 10 mL of acetone until the sample became colorless. The extract
was filtered using a Whatman filter paper.

2.5. Detection of antioxidant activity

2.5.1. Free radical scavenging activity
Free radical scavenging activity of samples was measured using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)

[11]. An amount of 0.4 mL of sample was mixed with 3.6 mL of DPPH solution (0.025 g DPPH in 100 mL
methanol). The absorbance of the reaction mixture was determined with the spectrophotometer Jenway (6405
UV/Vis, England) at 515 nm. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) (10–100 mg/L;
R2 = 0.989) was used as the standard and the results were expressed in mg/g Trolox equivalents.

2.5.2. Molybdenum reducing antioxidant power
Molybdenum reducing antioxidant power of samples was determined by the method of Prieto et al. [12] with

slight modifications. The mixture of the sample (1 mL), monopotassium phosphate (2.8 mL, 0.1 M), sulfuric acid
(6 mL, 1 M), ammonium heptamolybdate (0.4 mL, 0.1 M) and distilled water (0.8 mL) was incubated at 90◦C
for 120 min, then rapidly cooled. The absorbance at 700 nm was detected with the spectrophotometer Jenway
(6405 UV/Vis, England). Trolox (10–1000 mg.L−1; R2 = 0.998) was used as the standard and the results were
expressed in mg/g Trolox equivalents.

2.6. Total polyphenol content

The total polyphenol content was measured by the method of Singleton and Rossi [13] using the Folin-
Ciocalteu reagent. A quantity of 0.1 mL of each sample was mixed with 0.1 mL of the Folin-Ciocalteu reagent,
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1 mL of 20% (w/v) sodium carbonate and 8.8 mL of distilled water. After 30 min in darkness, the absorbance at
700 nm was measured with the spectrophotometer Jenway (6405 UV/Vis, England). Gallic acid (25–300 mg/L−1;
R2 = 0.998) was used as the standard. The results were expressed in mg/g gallic acid equivalents.

2.7. Total flavonoid content

The total flavonoid content was determined by the modified method of Willett [14]. A quantity of 0.5 mL of
sample was mixed with 0.1 mL of 10% (w/v) ethanolic solution of aluminum chloride, 0.1 mL of 1 M potassium
acetate and 4.3 mL of distilled water. After 30 min in darkness, the absorbance at 415 nm was measured using
the spectrophotometer Jenway (6405 UV/Vis, England). Quercetin (1–400 mg/L; R2 = 0.9977) was used as the
standard. The results were expressed in �g/g quercetin equivalents.

2.8. Total carotenoid content

Petroleum ether was pipetted into a separating funnel with the teflon stopcock. The acetone extract of the
sample and distilled water were added by flowing along the walls of the funnel. The mixture was allowed to
separate into two phases and the aqueous phase was discarded. The petroleum ether phase was washed 2 times
with distilled water to remove the residual acetone. The petroleum ether phase was collected in a 50 ml volumetric
flask by passing the solution through a small funnel containing 5 g of anhydrous sodium sulfate to remove residual
water.

Then, the volumetric flask was made up to volume with petroleum ether and the total carotenoids content were
determined from the molar absorption coefficient of �-carotene [15]. The concentration (�g/g) of carotenoids
was calculated according to the following formula:

TCC
[
μg.g−1

]
= A.r.V.10

E.n
(1)

where: A – absorbance at 445 nm; r – sample dilution; E – molar absorption coefficient E1%
1 cm = 2620; n –

sample weight; TCC – total carotenoid content.

2.9. Statistical analysis

For statistical analysis, the SAS program was used (the SAS system 9.2.). Correlation coefficients were
calculated by CORR analysis.

3. Results and discussion

3.1. Morphological parameters of jujube fruits

The weight of jujube fruit (Table 1) ranged from 2.52 g (ZJ12) to 19.37 g (ZJ15) with the coefficient of
variation of 55.10%, which indicated the very high jujube fruit weight variability. The weight of pulp was from
2.21 g (ZJ12) to 19.29 g (ZJ15) showing the high variability (58.6%) as well. The weight, length and width of
jujube fruit stones varied from 0.18 (ZJ07) to 0.88 g (ZJ12), from 18.11 mm (ZJ12) to 40.69 mm (ZJ14) and
from 16.66 mm (ZJ07) to 35.60 mm (ZJ15) with high degree of variability of weight but with medium degree of
variability for length and width. Karnatovska et al. [16] found the average weight of fruits from 1.00 to 9.5 g in
23 varieties of jujube growing in extreme agroecological condition in Nova Kachovka in Ukraine. Differences in
weight of jujube fruits were reported by Ecevit et al. [17], Sivakov et al. [18] and Zhang et al. [19], who found the
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Table 1

Morphological characteristic of tested jujube fruit

Parameter n min max X̄ V%

Fruit weight [g] 15 2.52 19.37 7.96 55.10

Pulp weight [g] 15 2.21 19.29 7.50 58.6

Stone weight [g] 15 0.18 0.88 0.46 55.18

Fruit length [mm] 15 18.11 40.69 30.93 18.05

Fruit width [mm] 15 16.66 35.60 22.38 21.65

Table 2

The correlation coefficients of linear relationship between the morphological characteristics of tested jujube genotypes

Parameter Pulp weight Fruit length Fruit width Stone weight

Pulp weight 1.000 0.769∗∗∗ 0.976∗∗∗ 0.668∗∗

Fruit length 1.000 0.653∗∗ 0.517∗

Fruit width 1.000 0.703∗∗

Stone weight 1.000

∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001.

weight from 4.52 to 12.7 in different plant genotypes. The highest degree of variability of the jujube fruit weight
was observed by Jia et al. [20] in variety Shiguang, who determined the average and maximal weight of 34.3 g
and 108 g, respectively. Also Brindza et al. [21] found the weight variations from 0.66 to 4.68 g evaluating the
collection of jujube seedlings growing in agroecological conditions of Slovakia. Our results are in accordance with
the previous studies and support the observations on the high degree of variability between the jujube genotypes.

The correlation coefficients of the linear relationship between the morphological characteristics of the jujube
(Table 2) showed the significant linear dependence between the weight and fruit width (r = 0.97). Positive cor-
relation was determined between the weight and length (r = 0.77) and between the length and width of jujube
fruits (r = 0.65). There were no correlation between the weight of jujube fruits and jujube stones.

Significant differences in weight of jujube fruit, jujube stones and in the proportion of pulp and stones between
the genotypes were observed (Fig. 1). Maximum fruit weight was found in genotype ZJ15 – 19.37 g but the
proportion of stone to total fruit weight comprised only 4.56%. In contrast, the lowest fruit weight was detected
in genotype ZJ12 – 2.52 g while the proportion of stone to the total weight of fruit was 12.3%. Genotypes of
jujube with big stones are attractive for the producers as those with small stones. Jujube stones contain the
valuable seeds, which are rich in biologically active substances, mainly fatty acids. Oil produced from the seeds
can be used in pharmaceutical and food industry and hence are intended for practical application [22, 23].

The jujube fruits start to be very attractive for food producing not only in Asia but also in other countries,
including Ukraine and Slovakia. Our findings on the morphologyical characteristics of fruits are important for
plant breeding and practically significant. Results of the present study indicate that jujube genotypes could be
sorted according to the fruit and stones size.

3.2. Antioxidant activity of jujube measured with the DPPH and molybdenum reducing antioxidant power
methods

The antioxidant activity of jujube genotypes evaluated by the DPPH method (Fig. 2) ranged from 11.18 (ZJ01)
to 16.82 (ZJ08) mg TEAC/g. The degree of mean variability of parameters was confirmed by the variation
coefficient (V = 10.68%) in all the genotypes tested.
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Fig. 1. Comparison of weight of fruit and weight of stones in tested jujube genotypes.

Fig. 2. Antioxidant activity of the jujube genotypes evaluated by the DPPH method.

The antioxidant activity evaluated by the molybdenum reducing antioxidant power (Fig. 3) varied from 209.64
(ZJ01) to 481.54 (ZJ11) mg TEAC/g. The degree of mean variability of parameters was confirmed by the variation
coefficient (V = 16.36%) in tested genotypes.

The antioxidant activity of jujube fruits in the present study was comparable with Koley et al. [27], who
reported the results from 14.18 to 39.64% obtained with DPPH method in 12 Indian jujube cultivars. Parkash
et al. [24] antioxidant activity testing results were 69.7 ± 4.3% in dry jujube fruit, but Ali-Shad et al. [26] found
the antioxidant activity to be between 34.9% and 47.3% in Pakistan. In Europe, the antioxidant activity of Spanish
jujube by the ABTS method was from 23.85 to 47.37 mmol TEAC/100 g [3]. Antioxidant activity of jujube fruits
could be influenced by the degree of maturity [1, 25]. The best antioxidant activity was present in half-red,
respectively in last (red) degree of maturity stage. Since there are differences in genotypes of jujube cultivars
grown under different geographic and agroecological conditions, our results are difficult to compare with the
previous reported. Our study confirms the free radical scavenging ability in jujube grown in Ukraine indicating
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Fig. 3. Antioxidant activity of jujube genotypes evaluated by the molybdenum reducing antioxidant power.

that the antioxidant properties possess the fruits of the cultivar in the Western Europe agroecological conditions.
Wang et al. [28] reported that the polysaccharides of jujube can exhibit strong antioxidant and anticancer activity
and can be used as safe compounds for functional foods showing that the current knowledge of jujube antioxidant
activity is underestimated.

3.3. Total carotenoid content in jujube fruits

The total carotenoid content (Fig. 4) was the highest in ZJ1 (14.31 �g/g) but the lowest in ZJ05 (1.52 �g/g),
ZJ14 (1.52 �g/g) and ZJ08 (1.72 �g/g) with the high degree of variation (V = 88.16%) in jujube fruits confirmed.
Variations in the content of the total carotenoids were reported previously. Guil-Guerrero et al. [29] found the
total carotenoid content from 4.12 to 5.98 mg/100 g while San and Yildirim [30] from 7 to 35 �g/100 g in the
fresh mass of jujube fruits. Pareek and Dhaka [32] showed the mean total carotenoid content of 21 �g/100 g for
fresh jujube fruits. The content of total carotenoids increases during ripening and Ezhilarasi and Tamilmani [31]
reported that the colour changes in jujube fruits were attributable to the loss of chlorophyll and the synthesis of
carotenoids. The colour turn from green into red is a consequence of chlorophyll degradation and accumulation
of a large amount of carotenoids within the plastids as the chloroplasts present in the mature green fruit are
transformed to chromoplasts. Dietary carotenoids from jujube fruits can provide health benefits in decreasing
the risk of disease, particularly certain cancers and eye disease [33]. �-carotene of jujube carotenoids may have
the beneficiary effect due to its ability to be converted to vitamin A.

3.4. Total polyphenol and flavonoid content in jujube fruits

The total polyphenol content (Fig. 5) in jujube genotypes ranged from 8.76 (ZJ12) to 21.61 mg GAE/g (ZJ06).
The correlation coefficient (V = 23.60%) confirms the high variability of the parameter (Table 3). The total
polyphenol content varied widely from 1.09 to 106.8 mg GAE/g in studies in Africa and Asia, respectively [24,
34, 35]. Differences between the cultivars were described and the total polyphenol content was from 4.29 to
6.00 mg GAE/g in five cultivars of jujube in Gao et al. [36] study. Polyphenol content was from 7.45 to 13.21 mg
GAE/g in ten genotypes of jujube from different geographical localities in Sun et al. [37] study. Ali-Shad et al.
[26] compared the total polyphenol content in hexane and methanol extracts of jujube and found that the mean
values were higher in methanol extracts (21.74 mg GAE/g). In our mind, the differences between the present
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Fig. 4. Total carotenoid content in jujube genotypes.

and previously conducted studies may be attributable to the plant geographical origin as well as the different
methods of extraction. There are few data on bioactive nutrients, especially on the content and composition of
polyphenols of jujube from Ukraine. Gallic, protocatechuic, p-coumaric, ferulic and sinapic acids were found
to be the predominant compounds of polyphenols found in jujube extracts [10], while protocatechuic, gallic,
chlorogenic and caffeic acids were identified in the dried peel, pulp and seed of Chinese jujubes [38]. Pawlowska
et al. [39] reported that the betulinic acid was present in all parts of jujube plant and exhibited anti-inflammatory
and antibacterial activity [40].

The total flavonoid content (Fig. 6) varied from 1.49 (ZJ15) to 11.58 �g QE/g (ZJ08). The variation coefficient
(V = 53.19%) supported the observations on high variability (Table 3) of this parameter. Our results correspond
to Ali-Shad et al. [26] study, who found the amount of flavonoid from 3.25 mg QE/g (hexane extract) to 15.66 mg
QE/g (methanol extract) in jujube fruits. Novel flavonoids – swertish, spinosine and zivulgarin from jujube
fruit and semen were described in study Gong et al. [41] there the swertish and spinosine were exerted the

Fig. 5. Total polyphenol content in jujube genotypes.
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Table 3

Variability of biological activity in jujube genotypes

Parameter n min max X̄ V%

Carotenoids [ �g/g] 15 1.53 14.31 3.59 88.16

Polyphenols [mg GAE/g] 15 8.76 21.61 16.11 23.60

Flavonoids [ �g QE/g] 15 1.49 11.57 5.64 53.19

DPPH method [mg TEAC/g] 15 11.18 16.82 15.06 10.68

Molybdenum reducing power method 15 209.64 481.55 401.15 16.36

[mg TEAC/g]

Fig. 6. Total flavonoid content in jujube genotypes.

sedative effect to humans. Differences between the content of flavonoids were observed between studies and
rutin, myricetin, quercetin, apigenin and kaempferol were identified in jujube fruit in the study of Siriamornpun
et al. [10], while Gao et al. [36] found three major flavonoid compounds – epicatechin, catechin and rutin. The
differences in individual flavonoids between the studies may be due to the genetic variability of the plants leading
to dissimilarities in the biosynthesis of flavonoids in these varieties [10].

Strong negative correlation (Table 4) was detected between the total carotenoid content and antioxidant
activity identified with the DPPH method (r = –0,643) and between the total carotenoid content and antiox-
idant activity determined by the molybdenum reducing power method (r = –0.732). Significant correlation
was not identified between the polyphenol content and antioxidant activity. These results clearly show that
the antioxidant activity and the content of carotenoids, polyphenols, flavonoids are not directly proportional
hence in every method applied for examination the different combination of biochemical components should be
considered.

Based on the data obtained in our study we provided the determination of phenotypic relatedness by the
method of discriminant analysis (Fig. 7). A comparison clearly shows the different genotypes and grouping and
the significant differences between them.
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Table 4

The correlation coefficients of linear relationship between the biological activity of tested jujube genotypes

Parameter Carotenoids Polyphenols Flavonoids DPPH method MRP method

Carotenoids 1.000 –0.161 0.239 –0.643∗∗ –0.732∗∗∗

Polyphenols 1.000 –0.060 0.213 0.216

Flavonoids 1.000 –0.163 0.043

DPPH method 1.000 0.667∗∗

MRP – molybdenic reducing power; ∗∗P < 0.01; ∗∗∗P < 0.001.

Fig. 7. Comparison of phenotypic relatedness of the tested jujube genotypes according to the morphological and biological properties.

4. Conclusion

The present study revealed the significance differences between the 15 jujube genotypes regarding the morpho-
logical parameters, antioxidant activity, total polyphenol, flavonoid and carotenoid content. The report confirmed
that the correlation between the antioxidant activity and total polyphenol, flavonoid and carotenoid content was
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not found. The practical use of jujube genotypes is highlighted for genetic breeding that allow setting specific
targets for further research study. Practically, the study confirmed the use of the fruits of jujube of the examined
genotypes in the food industry as raw material for the preparation of various food products with significant
phytopharmaceutical properties. Ziziphus jujuba Mill. can be a potential fruit species for expanding the use of
resources in Slovakia.
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