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Abstract 
 
Jujube (Ziziphus jujuba Mill.) is one of the most appreciated species in China with a long hystory in the Eastern Asia. 
Consumers prefer to eat the jujube fruit fresh due to its sensory qualities, but also of its rich nutritional properties. 
Studies have shown that the most advantageous nutritional characteristics of jujube fruit were its content of soluble 
sugars, 2-3 times more than other fruits, vitamin C with 100 times more than other fruits, vitamin B, acid triterpenoid, 
proline, polysaccharides, flavonoids, iron, potassium, calcium, and zinc. Jujube fruits contain a large amount of soluble 
dry matter that can exceed 30% when the total carbohydrate content exceeds 27%. Fruit acidity can vary between 0.3-
1.0%. However, in the post-harvest period, ethylene can have adverse effects on fruits, such as senescence, rapid loss of 
quality, nutrients, and increased chances of attack by pathogens. For a longer consumption period, these fruits should 
be kept in a controlled atmosphere. This sudy aims to present a review focused on the biochemistry of jujube 
highlighted through researches.   
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INTRODUCTION 
 
Jujube (Ziziphus jujuba Mill.) is one of the 
world's oldest cultivated fruit trees and the 
most important species in the large cosmo-
politan family Rhamnaceae in terms of its 
economic, ecological, and social importance.  
The consumers prefer both fresh and dry fruits 
as food or for pharmaceutical products, given 
the high number of nutrients, and amino acids 
(Xue et al., 2009; Choi et al., 2011).  
Due to its biochemical composition, jujube fruit 
is also used as food, food additives, and 
flavoring (Li et al., 2006). 
Ziziphus jujuba fruit shape varies from round, 
oval to elliptical. The fruit size ranges from that 
of a cherry to that of a plum (Markovski et al., 
2015).  
The epidermis of the fruit is thin, lustrous, and 
reddish-brown to chocolate in color (Soliman et 
al., 2013). The hue of the fruit clearly indicates 
the fruit's maturity.  
Fruits with more than 50% dark brown colour 
are the best suited to consumption, regarding 
taste and juiciness.  
The organoleptic characteristics are ordinary at 
full maturity, when the fruit is fully pigmented, 

but the fruits are more suitable for drying 
(Chen et al., 2015). 
Total soluble content and total acidity can be 
used to determine the maturity stage (Yao, 
2013).  
The main soluble sugars in the fruit are 
fructose, glucose, and sucrose, which improve 
the sweet taste of the fruit (Pereek, 2013). 
Lignin, cellulose, and hemicellulose were 
mentioned in many studies as the primary 
dietary fibers contained in the fruit, with an 
essential role in food digestion. (Gao et al., 
2013; Chen et al. 2018).  
The vitamin C, flavonoids, carotenoids, and 
saponin content, which has antioxidative, anti-
cancer, and anti-diabetes properties (Choi et al., 
2012) recommend the fruit.  
Its contents of sugar, vitamin B, cyclic 
nucleotide, proline, triterpene acids, potassium, 
iron, and zinc, were studied by  Hu (2011) and 
Liu & Whang (2009).  
Sugar, vitamin C, and cyclic adenosine 
monophosphate (cAMP) concentration was 
approximately 2, 100, and 1000 times that of 
apples. Polysaccharides, flavonoids, alkaloids, 
polyphenols, and pigments were also abundant 
in the fruit (Liu & Whang, 2019).  
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Dried jujube had carbohidrates 630-763% 
compared to fresh fruits, 23-32%, and sour 
jujube, 74.8%. In the fresh jujube vitam C was 
between 200-800 mg/100 g in the fresh fruit 
and 12-29 mg/100 g in the dried one. Protein 
content varied between 2.9-6.3% in the dried 
fruits comparted to 1.2% in the fresh jujube. Ca 
(mg/100 g) had values between 14 (fresh), 20-
63 (dried), and 270 (sour jujube). The phosphor 
content was of 23 mg/100 g in the fresh jujube, 
55-75 mg/100 g in the dried, and 59 mg/100 g 
in the sour jujube. This biochemical profile 
highlighted the high medicinal fruit quality.  
The species of the genus Ziziphus entail 43 
terpenoids, 31 saponins, 165 alkaloids,  151 
flavonoids, and 40 other miscellaneous 
compounds (Ahmad et al. 2017; Ji et al., 2017). 
Terpenoids are abundant in the plants of the 
genus Ziziphus. To far, about 43 triterpenes 
have been isolated from the fruits, flowers, 
leaves, and seeds of Z. celata, Z. spina Christi, 
Z. mauritiana, Z. jujuba, Z. lotus, and other 
plants, with numerous triterpenes exhibiting 
potential biological properties (Ros et al., 2000; 
Ahmad et al., 2017). Furthermore, saponins, 
which are sugar conjugates of triterpenes, were 
found throughout the genus Ziziphus. Most 
plant species relate these compounds with 
defense functions. Saponins have several 
functional (emulsification, solubilization, 
foaming, sweetness, bitterness) and biological 
properties that have the potential to be used in a 
variety of applications, including food, 
cosmetics, and pharmaceutical industries, as 
well as soil bioremediation (Ji et al., 2017). 
There were approximately 31 saponins found in 
the roots, leaves, fruits, and seeds of Z. 
mauritiana, Z. joazeiro, Z. jujuba, Z. spina 
christi, and other plants. (Bozicevic et al., 
2017; Dubey et al., 2019). 
The food value of jujube is high, mainly due to 
the high soluble  solids content exceeding the 
value of 30%, being an natural source as 
swetener.  
The fruit’s acidity varies between 0.3 and 
1.0%. Depending on the cultivar, it has a very 
high content of ascorbic acid (vitamin C), with 
values of 330-880 mg/100 g fresh weight. The 
content of vitamin P exceeds 1000 mg/100 g 
fresh weight (Ciocârlan, 2000). 
Like in other species, the cultivar deaply 
influence the biochemical profile of the fruit.  

Due to its flavor, crispness, and juiciness, 
Dongzao is one of the most popular jujube 
cultivat worldwide. The jujube for export is 
harvested between August and October, with 
September being the best harvesting month 
(Morley-Brunker, 2010). Because of the limited 
shelf life of the Dongzao cultivar, the market 
supply is relatively short.  
Several approaches have been tried to extend 
the shelf life of this cultivar. Zong et al. (2005), 
for example, investigated the influence of a 
controlled environment. Their findings revealed 
that the regulated environment preserves the 
integrity of the fruit membrane and resistance 
to browning and fermentation, hence extending 
the fruit's shelf life. However, this preservation 
mode is expensive, increasing the product's 
cost and making it less competitive.  
Another technique is to harvest and store the 
fruit sooner, at the white ripening stage. 
Although this process is affordable, the 
influence on the nutritional quality of the fruit 
is uncertain. As a result, it is critical to 
understand the effect of development stages on 
the nutritional quality of jujube fruit in order to 
determine the optimal time at which the fruit 
can be harvested to preserve its nutritious 
value.  The research presented the nutritional 
composition and quality of the jujube Dongzao 
depending on the maturity stages. The results 
revealed that the maturity stage had a 
substantial effect on the nutritious contents of 
the fruit. The majority of essential elements 
generated in the fruit grew until the full-red 
stage, and those that fell from the white 
maturity stage to the full-red stage exhibited 
just a minor decrease at the semi-red stage. All 
the carbohydrates increased significantly and 
gradually from white to full-red stage in the 
jujube fruit. Sucrose increased by 106% from 
white to full-red, whereas glucose, fructose, L-
rhamnose, mannose, galactose, and maltose 
grew by 56%, 48%, 39%, 64%, 65%, and 
160%, respectively.  Overall, these results 
showed an accumulation of soluble sugars, 
mostly sucrose, mannose, and galactose, over 
the fruit maturity stages  Accordingly, semi-red 
maturity seems to be the most appropriate stage 
for harvesting the jujube fruit to preserve its 
bioactive compounds (Zhang et al., 2020). 
At the Faculty of Horticulture from Bucharest, 
10 genotypes were studied: R1P2, R1P7, 
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R1P10 (Hu Ping Zao*), R2P7, R3P2, R3P3 
(crack resistant), R3P4 (Hu Ping Zao*), R3P6, 
R3P10 (Taigu), and Dong Zao. Two clones of 
Hu Ping Zao (R2P8 and R3P4) and one 
genotype R3P8 were analyzed in dehydrated 
form (*clones of different origins), verifying 
whether or not this preservation method 
influences the quality parameters of the fruit.  
Fresh fruits were harvested from the beginning 
of September until October. After morpho-
logical measurements, fruits were stored at 2-
3℃ and 90-95% relative humidity. Part of them 
was dehydrated using an Excalibur dehydrator 
for 20 hours at 45℃. The genotypes recorded a 
fruit weight between 5.89 g (R3P1 selection) to 
28.57 g (Cheng TuoZao). Most of the analyzed 
genotypes had a solid soluble content higher 
than 30% Brix. Fruit content in minerals varied 
between 0.16% and 3.38%, with an average of 
1.78%. The ascorbic acid content varied 
between    110.0 mg/100 g fw and 1020.0 
mg/100 g fw (R1P11 selection), averaging           
306.1 mg/100 g fw. Fruit acidity, expressed as 
malic acid, varied from 0.16% to 0.82% with 
an average of 0.36% (Stănică, 2000; Stănică & 
Vasile, 2008; Dicianu et al., 2017). The 
polyphenol content changed during fruit 
ripening. Thus, the highest polyphenols content 
was found in the fruit at the beginning of its 
formation and decreased with its maturation, all 
this time protecting against pathogens and pests 
(Wang et al., 2016; Shi et al., 2018). 
Rahman et al. (2018) noted that 51.99-71.75% 
of the jujube is edible, with the edible part 
containing 4.43-6.01% protein, 82.35-89.63% 
carbohydrates, 45.64-88.97 mg/100g ascorbic 
acid, 0.48-0.63% lipids, 132.16-196.58 mg/100 
g phenolics and 101.17-132.04 mg/100 g 
flavonoids in its dry matter (Hendek Ertop & 
Atasoy, 2018; Višnjevec et al., 2019).  
Li et al. (2007) and Sunil (2013) described the 
composition of various jujube cultivars 
(Jinsixiaozao, Yazao, Jianzao, Junzao, 
Sanbianhong). Total phenols, minerals, and 
vitamins were determined in their experiment 
for the fruits of these cultivars; significant 
variation was found for water (17.38-22.52%), 
carbohydrate (80.86-85.63%), proteins (4.75%-
6.86%), lipids (0.37-1.02%), soluble fibre 
(0.57-2.79%), insoluble fibre (5.24-7.18%), 
reducing sugar (57.61-77.93%), and ash (2.26-
3.01%) (Pereek, 2013). Glucose and fructose 

were identied as major soluble sugars in all five 
cultivars, while rhamnose, sorbitol and sucrose 
were also present in lower amounts. 
 
TRADITIONAL MEDICINAL USES AND 
POTENTIAL HEALTH BENEFITS OF 
JUJUBE 
Jujube (Zisiphus jujuba) has been used as a 
traditional Chinese medicinal plant for many 
years for its various and numerous health 
benefits, including anti-inflammatory (Yu et 
al., 2012), anti-cancer (Plastina et al., 2012), 
gastro-intestinal protective (Huang et al., 
2008), anti-oxidant (Cheng et al., 2012), anti-
insomnia and neuro-protective properties (Yoo 
et al., 2010). 
 

 
Figure 1. Main biological activities of triterpenes and 
saponins isolated from the genus Ziziphus (source: 
Sakna, 2022) 
 
According to the modern medicine industry, 
jujube fruits and seeds are still utilized in 
Chinese and Korean traditional medicine and 
are said to relieve stress (Mill Goetz, 2009; 
Chen et al., 2017; Shahrajabian et al., 2020; Lu 
Y. et al., 2021). Among other health benefits, 
jujube lowers blood glucose and lipid levels 
and significantly lowers triglyceride, LDL, and 
cholesterol levels (Hemmati et al., 2015). 
Reche et al. (2019) observed 11 fatty acid 
compounds in four jujube cultivars, including, 
myristoleic acid, myristic acid, palmitic acid, 
cis-palmitoleic acid, trans-palmitoleic acid, 
stearic acid, oleic acid, 11-octadecenoic acid, 
linoleic acid, elaidic acid, and linolenic acid. 
Capric acid (C10:0), myristoleic acid 
(C14:1n5), lauric acid (C12:0), palmitic acid 
(C16:0), oleic acid (C18:1n9c), palmitic acid 
(C16:1n7),  and linoleic acid (C18:2n6c) were 
found in four ripening phases of jujube fruit by 
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Song et al. (2019). Fatty acids are essential 
nutrients, some of which must be ingested 
through food to maintain health. The variety 
and content of fatty acids in jujube fruit could 
satisfy people's need for nourishment. 
 
CONCLUSIONS 
 
Jujube are sweet and nutritious, and have been 
used as dietary supplements since ancient 
times. For more than a thousand years, jujube 
has been used in China as a traditional herbal 
medicine for calming the mind. Modern 
scientific research has shown that the bioactive 
chemicals in jujube have anticancer, 
hepatoprotective, neuroprotective, antioxidant, 
anty-inflamatory and antiviral properties, as 
well as other health benefits such as enhancing 
immune function. Caution should be exercised 
when attempting to infer associations between 
the nutritional content and health functions of 
jujube. This is because the variety, ripening 
stage, storage and processing conditions of the 
fruit will affect its nutritional value and 
eventually lead to the increase or loss of some 
active functions. 
 
REFERENCES 
 
Ahmad, R., Niyaz, A. & Atta, N. (2017). Ziziphus 

oxyphylla: ethnobotanical, ethnopharmacological and 
phytochemical review. Biomed Pharm, 91, 970–998. 

Bozicevic, A., De Mieri, M., Di Benedetto, A., Gafner, 
F. & Hamburger, M. (2017). Dammarane-type 
saponins from leaves of Ziziphus spina-christi. 
Phytochemistry, 138, 134-144. 

Ciocârlan, V. (2000). Flora ilustrată a României 
(Illustrated Flora of Romania). Pterydophyta et 
Spermatophyta. Bucharest, RO: Ceres Publishing 
House. 

Chen, J., Chan, P.H., Lam, C.T., Li, Z., Lam, K.Y., Yao, 
P. & Tsim, K.W. (2015). Fruit of Ziziphus jujuba 
(Jujube) at two stages of maturity: distinction by 
metabolic profiling and biological assessment. 
Journal of agricultural and food chemistry, 63(2), 
739- 744. 

Chen, K., Fan, D., Fu, B., Zhou, J. & Li, H. (2018). 
Comparison of Physical and Chemical Composition 
of Three Chinese Jujube (Ziziphus Jujuba Mill.) 
Cultivars Cultivated in Four Districts of Xinjiang 
Region in China. Food Sci. Technol., 2061, 1–10. 

Cheng, D., Zhu, C., Cao, J., Jiang, E. (2012). The 
protective effects of polyphenols from jujube peel 
(Ziziphus jujube Mill) on isoproterenol-induced 
myocardial ischemia and aluminium-induced 
oxidative damage in rats. Food and Chemical 
Toxicology, 50(5), 1302-1308. 

Choi, S. H., Ahn, J. B., Kozukue, N., Levin, C. E. & 
Friedman, M. (2011). Distribution of free amino 
acids, flavonoids, total phenolics, and antioxidative 
activities of jujube (Ziziphus jujuba) fruits and seeds 
harvested from plants grown in Korea. Journal of 
agricultural and food chemistry, 59(12), 6594-6600. 

Choi, S. H., Ahn, J. B., Kim, H. J., Im, N. K., Kozukue, 
N., Levin, C. E. & Friedman, M. (2012). Changes in 
free amino acid, protein, and flavonoid content in 
jujube (Ziziphus jujuba) fruit during eight stages of 
growth and antioxidative and cancer cell inhibitory 
effects by extracts. J. Agric. Food Chem., 60, 10245–
10255. DOI: 10.1021/jf302848u. 

Dicianu, E.D., Ivan, E.Ş., Jerca, I.O., Ciceoi, R. & 
Stănică, F. (2017). Morphometric and 
phytopathological analysis of Romanian jujube fruits 
during the storage period. Scientific Papers Series 
Horticulture, 60(1/2), 1-6.  

Dubey, K., Dubey, R., Gupta, R. & Gupta, A. (2019) 
Anti-diabetic and antioxidant potential of saponin 
extract of leaves of Ziziphus mauritiana. J Drug 
Deliv Ther 9, 75–77. 

Gao, Q.H., Wu, C.S. & Wang, M. (2013). The jujube 
(Ziziphus jujuba Mill.) fruit: a review of current 
knowledge of fruit composition and health benefits. 
J. Agric. Food Chem, 61, 3351–3363. DOI: 
10.1021/jf4007032. 

Huang, Y.L., Yen, G.C., Sheu, F. & Chau, C.F. (2008). 
Effects of water-soluble carbohydrate concentrate 
from Chinese jujube on different intestinal and fecal 
indices. Journal of Agricultural and Food Chemistry, 
56(5), 1734–1739. https://doi.org/10.1021/jf072664z 

Hu, F. (2011). Study on four main functional 
components of Chinese jujube. Hebei Agricultural 
University, Baoding. 

Hemmati, M., Asghari, S., Zohoori, E. & Karamian, M. 
(2015). Hypoglycemic effects of three Iranian edible 
plants: jujube, barberry and saron: Correlation with 
serum adiponectin level. Pakistan Journal of 
Pharmaceutical Sciences, 28(6), 2095–2099. 

Hendek Ertop, M. & Atasoy, R. (2018). Investigation of 
physicochemical and nutritional properties of jujube 
(Zizyphus jujuba) and evaluation of alternatives uses. 
International Eurasian Conference on Science, 
Engineering and Technology (EurasianSciEnTech). 

Ji, X., Qiang, P., Yuepeng, Y., Jing, S., Xueying, X. & 
Min, W. (2017) Isolation, structures and bioactivities 
of the polysaccharides from jujube fruit (Ziziphus 
jujuba Mill.): a review. Food Chem 227, 349–357. 

Li, J.W., Fan, L.P., Ding, S.D. & Ding, X.L. (2007). 
Nutritional composition of five cultivars of Chinese 
jujube. Food Chem., 103, 454–460. 
10.1016/j.foodchem.2006.08.016. 

Liu, M. & Wang, M. (2009). Germplasm Resources of 
Chinese Jujube. China Forestry Publishing House. 

Liu, M. & Wang, J. (2019). Fruit scientific research in 
new China in the past 70 years: Chinese jujube. J. 
Fruit. Sci.36, 1369–1381. 

Liu, M., Wang, J., Wang, L. et al. (2020). The historical 
and current research progress on jujube–a superfruit 
for the future. Hortic Res, 7, 119.  

Lu, Y., Bao, T., Mo, J., Ni, J. & Chen, W. (2021) 
Research advances in bioactive components and 



142

health benefits of jujube (Ziziphus jujuba Mill.) fruit. 
J Zhejiang Univ Sci B., 22(6), 431-449.  

Markovski, A. & Velkoska-Markovska L. (2015).  
Investigation of the morphometric characteristics of 
jujube types (Ziziphus jujuba Mill.). Fruits in 
Republic of Macedonia Genetika-Belgrade, 47(1), 
33-4. 

Mill Goetz, P. (2009). Demonstration of the psychotropic 
effect of mother tincture of Ziziphys jujuba. 
Phytotherapie, 7(1), 31–36. 

Morley-Brunker, M. (2010). Miscellaneous fruit crops. 
In Temperate and subtropical fruit production; 
Jackson, D., Looney, N., Morley-Brunker, M., 
Thiele, G., Eds.; CABI Publishing, UK, 327. ISBN 
9781845935016. 

Pareek, S. (2013). Nutritional composition of jujube 
fruit. Plant Sci., 25, 43–470. 

Plastina, P., Bonoglio, D., Vizza, D., Fazio, A., Rovito, 
D., Giordano, C., Barone, I., Catalano S. & Bartolo, 
G. (2012). Identification of bioactive constituents of 
Ziziphus jujuba fruit extracts exerting 
antiproliferative and apoptotic effects in human 
breast cancer cells. Journal of Ethnopharmacology, 
140(2), 325-332. 
https://doi.org/10.1016/j.jep.2012.01.022  

Rahman, E., Momin, A., Zhao, L., Guo, X., Xu, D., 
Zhou, F. & Ji, B. (2018). Bioactive, nutritional 
composition, heavy metal and pesticide residue of 
four Chinese jujube cultivars. Food Science and 
Biotechnology, 27(2), 323–331. 
https://doi.org/10.1007/s10068-017-0256-2. 

Ríos, L., Recio, M., Máñez, S. & Giner, R. (2000) 
Natural triterpenoids as anti-inflammatory agents. 
Nat Prod Chem 109, 93–143. 

Sakna, S.T., Maghraby, Y.R., Abdelfattah, M.S. et 
al. (2022). Phytochemical diversity and 
pharmacological effects of triterpenes from 
genus Ziziphus: a comprehensive review. Phytochem 
Rev.  

Shi, Q., Zhang, Z., Su, J., Zhou, J. & Li, X. (2018). 
Comparative analysis of pigments, phenolics, and 
antioxidant activity of Chinese jujube (Ziziphus 
jujuba Mill.) during fruit development. Molecules. 
23(8): 1917. 

Soliman, H. I., & Hegazi, G. A. E., (2013). In vitro 
clonal propagation and molecular characterization of 

jujube (Ziziphus jujuba Mill.). Life Science Journal, 
10(2), 573–582. 

Stănică, F. (2000). Preliminary results regarding the 
behaviour of some Chinese date varieties (Ziziphus 
jujuba Mill.) in Bucuresti area. Scientific Papers. 
Series B. Horticulture, XLIII, 203-206. 

Stănică, F. & Vasile, S. A. (2008). Chinese date - a new 
promising fruit plant for Romania southern areas. 
Acta Horticulturae, 769, 265-269. 

Višnjevec, A.M., Arbeiter, A.B., Hladnik, M., Ota, A., 
Skrt, M., Butinar, B., Nečemer, M., Krapac, M., Ban, 
D., Bučar-Miklavčič, M., Ulrih, N.P. & Bandelj, D. 
(2019). An integrated characterization of jujube 
(Ziziphus jujuba Mill.) grown in the North Adriatic 
Region. Food Technology and Biotechnology, 57(1), 
17-18. http://doi.org/10.17113/b.57.01.19.5910. 

Wang, B., Huang, Q., Venkitasamy, C., Chai, H., Gao, 
H., Cheng, N., Cao, W., Xingang, L. & Pan, Z. 
(2016). Changes in phenolic compounds and their 
antioxidant capacities in jujube (Ziziphus jujuba 
Miller) during three edible maturity stages. LWT - 
Food Science and Technology, 66, 56-62. 

Xue, Z., Feng, W., Cao, J., Cao, D. & Jiang, W. (2009) 
Antioxidant activity and total phenolic contents in 
peel and pulp of Chinese jujube (Ziziphus jujuba 
Mill) fruits. Journal of Food Biochemistry, 33(5), 
613-629. 

Yao, S. (2013). Past, present, and future of jujubes - 
Chinese dates in the United States. HortScience 48, 
672–680. 

Yoo, K.Y., Li, H., Hwang, I.K., Choi, J.H., Lee, C.H., 
Kwon, D.Y. & Won, M.H. (2010). Zizyphus 
attenuates ischemic damage in the gerbil 
hippocampus via its antioxidant effect. Journal of 
Medicine Food, 13(3), 557–563. 
https://doi.org/10.1089/jmf.2009.1254.  

Zhang, Q., Wang, L., Wang, Z., Liu, Z., Zhao, Z., Zhou, 
G., Liu, M. & Liu, P. (2020) Variations of the 
nutritional composition of jujube fruit (Ziziphus 
jujuba Mill.) during maturation stages, International 
Journal of Food Properties, 23(1), 1066-1081, DOI: 
10.1080/10942912.2020.1770281. 

Zong, Y.C., Wang, G.X. & Feng, S.Q. (2005). 
Physiological Changes of “Dongzao” Jujube during 
the Controlled Atmosphere Storage. For. Res., 18, 
292–295. 

 
 




