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Abstract: Jujube (Ziziphus jujuba Mill.), a highly nutritious and functional fruit, is reported to have various health benefits and
has been extensively planted worldwide, especially in China. Many studies have shown that bioactive components derived from
jujube fruit have significant nutritional and potential biological effects. In this paper, the latest progress in research on major
bioactive compounds obtained from jujube is reviewed, and the potential biological functions of jujube fruit resources are
discussed. As a dietary supplement, jujube fruit is well recognized as a healthy food which contains a variety of bioactive
substances, such as polysaccharides, polyphenols, amino acids, nucleotides, fatty acids, dietary fiber, alkaloids, and other
nutrients. These nutrients and non-nutritive phytochemicals obtained from jujube fruit have physiological functions including
anticancer, antioxidant, anti-inflammatory, anti-hyperlipidemic, anti-hyperglycemic, immunoregulatory, neuroprotective, sedative,
and antiviral functions. Of note is that new constituents, including alkaloids, dietary fiber, and other bioactive substances, as
well as the antiviral, hypoglycemic, lipid-lowering, and neuroprotective effects of jujube fruit, are systematically reviewed here
for the first time. Meanwhile, problems affecting the exploitation of jujube fruit resources are discussed and further research
directions proposed. Therefore, this review provides a useful bibliography for the future development of jujube-based products
and the utilization of jujube nutritional components in functional foods.
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1 Introduction the center of origin, but also the main production

region of jujube, where annual production accounts

In recent decades, the demand for healthier and
safer food products, from cereals to vegetables, has
been booming (Das et al., 2012; Ashaolu and Ashaolu,
2020; Ashaolu and Reale, 2020). Many health factors
in foods can improve people’s quality of life by pre-
venting diseases (Chen et al., 2016; Xu et al., 2018;
Gowd et al., 2019). A large proportion of these func-
tional foods are fruits with a variety of nutrients and
biological activity (Cai, 2019). Ziziphus jujuba Mill.,
also known as Chinese jujube or red date, belongs to
the Rhamnaceae family. As a highly nutritious and
functional fruit, jujube is distributed mainly in Europe
and most of Asia (Gao et al., 2013). China is not only
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for more than 90% of the world’s total production.
Nearly 700 cultivars of jujube are widely cultivated in
the areas of the Yellow River and the northwest region,
including the Shandong, Hebei, Shanxi, Shannxi, and
Henan provinces, and the Xinjiang Uygur Autonomous
Region (Yuan et al., 2002; Li et al., 2007; Ministry of
Agriculture and Rural Affairs of the People’s Republic
of China, 2020; Wang BN et al., 2020). Jujube fruit
have been used in folk medicine for 4000 thousand
years. According to Huangdi Neijing, an early classi-
cal book of ancient Chinese medicine, the jujube was
regarded as one of the five most nutritious and
healthy fruits. Furthermore, the jujube fruit was
recorded as an excellent herbal medicine in Shennong
Bencao Jing, serving to improve the quality of sleep,
eliminate toxins, and beautify skin (Chen et al., 2014,
2017; Ji et al., 2017). Nowadays, with the evolution
of scientific and technological methods, the nutritional
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components of jujube have been extensively studied
and applied in the fields of functional foods and bio-
medicine (Gao et al., 2013; Rodriguez Villanueva and
Rodriguez Villanueva, 2017).

Most recently, phytochemistry research has indi-
cated that jujube fruit are rich in polysaccharides,
polyphenols, amino acids, triterpenic acids, fatty acids,
nucleosides, and nucleobases (Gao et al., 2013; Kou
et al., 2015; Hernandez et al., 2016; Rashwan et al.,
2020). Based on the literature, bioactive compounds
extracted from jujube have various bioactivity, including
antioxidant (Zhang et al., 2010; Zhao HX et al., 2014),
anti-inflammatory (Yu et al., 2012), anticancer (Choi
et al., 2012; Plastina et al., 2012), anti-hyperglycemic
(Kawabata et al., 2017), anti-hyperlipidemic (Jeong
and Kim, 2019), immunomodulatory (Dash et al.,
2015), and other activity. In addition, other biologically
active components obtained from jujube, especially
alkaloids and saponin, have been explored for their
antiviral, sedative, and neuroprotective effects (Pandey
et al., 2008; Shad et al., 2014; Abdoul-Azize, 2016;
Ninave and Patil, 2019; He SR et al., 2020).

As a classic prescription in traditional Chinese
medicine (TCM), jujube is often used in combination
with other herbs to treat a variety of diseases. Qi Fu
Yin, a Ming Dynasty prescription containing seven
traditional Chinese herbs, has the effect of promoting
blood circulation and calming the spirit. In addition,
Suanzaoren decoction (Ziziphus spinose) is the most
frequently used formula for the treatment of insomnia
(Singh and Zhao, 2017; Ong et al., 2018). At present,
with the increasing modernization of TCM, research
on the material basis and mechanisms of the jujube
prescription has attracted much attention. Many new
lines of research on jujube fruit have been explored or
established and much knowledge gained. Hence, the
aim of this review was to summarize the latest
findings on the chemical constituents and biological
functional activity of jujube fruit. Also, the potential
problems associated with the development and
utilization of jujube, and the new research directions
are critically discussed and evaluated.

2 Major elements and nutrients in jujube fruit

Jujube fruit is well-known as a favored and
healthy food, rich in nutritional ingredients such as

carbohydrates, proteins, dietary fiber (DF), unsaturated
fatty acids, vitamins, and minerals (Gao et al., 2013).
The major nutrient elements contained in jujube fruit
are discussed below.

2.1 Carbohydrates and proteins

Carbohydrate and protein can provide energy for
organs and muscles to keep the body functioning
properly (Jéquier, 1994; Wu, 2016). Jujube fruit has
been identified as an excellent source of carbohydrate
and protein. Li et al. (2007) studied the contents of
carbohydrate and protein (percentage of dry weight
(DW)) in five cultivars of Chinese jujube. They found
that the carbohydrate contents among these jujube
fruits were similar, ranging from 80.86% (cv. Yazao)
to 85.63% (cv. Sanbianhong). In addition, the protein
contents of the cultivars ranged from 4.75% (cv. Jianzao)
to 6.86% (cv. Yazao). Rahman et al. (2018) compared
and evaluated the nutrient contents of four cultivars of
jujube, namely “Hupingzao,” “Huizao,” “Xiaozao,”
and “Junzao,” grown in Northwest China. The results
showed that the carbohydrate contents of these fruits
ranged from (82.35+4.50) to (89.73+5.43) /100 g DW.
The protein contents ranged from (4.43+0.66) to
(6.01+0.58) g/100 g DW.

2.2 Dietary fiber

DF refers to the polysaccharides, namely lignin,
cellulose, and hemicellulose, which cannot be digested
by the human body. It is generally classified into two
categories: the water-insoluble fibers of cellulose,
hemicellulose, and lignin, and the water-soluble fibers
of pectin, gums, and mucilages (Cai, 2019). DF can
selectively promote metabolism and the proliferation
of beneficial bacteria to produce energy and nutrients
for the body (Williams et al., 2017). At present,
methods for extraction of DF include mainly crude
separation, chemical methods, membrane separation,
enzymatic methods, enzymatic chemical combination
methods, and fermentation methods (Yan et al., 2019;
He YY et al., 2020; Karra et al., 2020). Miklav¢ic
Visnjevec et al. (2019) performed a modified enzymatic-
gravimetric method to determine the total, soluble,
and insoluble fiber contents of jujube sample Zj2.
Chemical analysis indicated that the content of
insoluble fiber ((6.0+£0.2) g/100 g) was higher than
that of soluble fiber ((3.8+0.4) g/100 g). The results
of this study with regards to insoluble DF content



were similar to those from the study of Li et al. (2007),
but the mass fraction of soluble fiber in Zj2 was
higher. Hernandez et al. (2016) analyzed the chemical
properties of four jujube cultivars (“GAL,” “MSL”
“PSL” and “DAT”) from a commercial farm located
in San Isidro, Spain. Their results showed that the crude
fiber content ranged from 0.7 to 1.1 g/100 g DW and
“GAL” had the lowest crude fiber content. Studies on
the optimization of methods for extracting DF from
jujube fruit have also been reported in recent years.
Liu and Deng (2016) optimized the conditions for the
extraction of DF from Jinsixiaozao by an acid-based
treatment. An orthogonal test showed that the yield of
DF could reach 5.1% when 5 g jujube fruit was
hydrolyzed in 150 mL sulfuric acid (1.5%) solution for
40 min, and 100 mL potassium hydroxide (1.75%)
solution for 30 min. Guo et al. (2014) also reported
optimum conditions for the preparation of soluble DF
from jujube by a cellulose enzymatic method, which
yielded up to 6.20%.

2.3 Vitamins and minerals

Jujube fruits contain plenty of minerals and vita-
mins (especially vitamin C). Mineral analysis showed
that jujube fruits contain 17 minerals including 6 macro-
elements (K, Ca, Mg, Na, S, and P) and 11 trace
elements (Fe, Zn, Cu, Mn, Ni, Se, Pb, Br, Rb, Sr, and
Mo) (Li et al., 2007; Gao et al., 2013; Hernandez
et al., 2016; Miklavcic¢ Visnjevec et al., 2019). Studies
have shown that K is the most abundant element in
jujube fruit, ranging from 12.4 to 17.3 g/kg DW. Dif-
ferences in K content may be due to the cultivars or
growing conditions (Li et al., 2007; Hernandez et al.,
2016). The major vitamins detected in jujube fruits
are vitamin A, vitamin B complex, carotene, thiamine,
riboflavin, and ascorbic acid (Wojdyto et al., 2016).

Ascorbic acid, also known as vitamin C, is a
powerful reducing and chelating agent, with numerous
biological functions in cells and tissues (Paciolla
et al., 2019). Studies have shown that jujube fruits
qualify as a good source of vitamin C. A wide range
in the concentration of vitamin C was detected among
the 15 jujube cultivars analyzed, from 1.671 (cv.
Dalongzao) to 4.247 (cv. Guanyangduanzao) mg/g fresh
weight (FW) (Kou et al., 2015).

2.4 Fatty acids

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
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satisfy people’s need for nourishment (Guil-Guerrero
et al., 2004). Reche et al. (2019) reported that a total
of 11 fatty acid compounds, including myristic acid,
myristoleic acid, palmitic acid, #rans-palmitoleic acid,
cis-palmitoleic acid, stearic acid, oleic acid, 11-
octadecenoic acid, elaidic acid, linoleic acid, and
linolenic acid, were available in four jujube cultivars.
Song et al. (2019) detected capric acid (C10:0), lauric
acid (C12:0), myristoleic acid (C14:1n5), palmitic
acid (C16:0), palmitic acid (C16:1n7), oleic acid
(C18:1n9c¢), and linoleic acid (C18:2n6c) from four
ripening stages of jujube fruit. Palmitic acid (C16:0),
palmitic acid (C16:1n7), oleic acid (C18:1n9c), and
linoleic acid (C18:2n6¢c) were the predominant fatty
acid components. Another study found a total of 16
different fatty acids in jujube fruit samples (Zj2—Z7j6)
(Miklav¢i¢ Visnjevec et al., 2019). The predominant
fatty acids were linoleic acid (C18:2) and oleic acid
(C18:1).

3 Bioactive compounds in jujube fruit

A variable number of bioactive substances are
available in jujube fruit beside the carbohydrates,
fatty acids, proteins, and other general nutrients (Choi
et al., 2011). Jujube fruits have rich nutritional and
medicinal values. In recent years, increasing attention
has been paid to their polysaccharides, polyphenols,
saponins, amino acids, triterpenes, alkaloids, and other
bioactive compounds (Plastina et al., 2012; Tahergorabi
et al., 2015).

3.1 Polysaccharides

Jujube fruit polysaccharides are very important
water-soluble polysaccharides, most of which are neutral
or acid polysaccharides. The extraction, separation,
and purification of polysaccharides from jujube fruit
are the first step in the study of biological functions.
Currently, the mature extraction approaches to improve
the yield and quality of plant polysaccharides are hot-
water extraction (Li et al., 2008), alkali purification
(Ding et al., 2012), enzymatic hydrolytic methods (Wu
et al., 2014), and ultrasonic and microwave-assisted
extraction (Sun et al., 2019). Generally, the identification
and evaluation of jujube polysaccharides are based
mainly on their content, composition, and structure.
Analysis of the chemical structure of polysaccharides
includes a variety of techniques (Ji et al., 2017), such
as gas chromatography (GC) for determining the
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polysaccharide composition and high-performance
liquid chromatography (HPLC) for determining the
molecular weight. Infrared (IR) spectroscopy, nuclear
magnetic resonance (NMR), gas chromatography-mass
spectrometry (GC-MS), acid hydrolysis, and methylation
analysis are also used to analyze and identify complex
polysaccharide structures. In the past five years,
numerous studies have discussed the chemical structure
of jujube polysaccharides including their monosaccharide
composition, monosaccharide sequence, molecular
weight, type of glycosyl bonds, and biological activity
(Table 1). Five polysaccharide fragments (PZMPI,
ZMP, SAZMP3, PZMP2-2, and PZMP3-2) were
successively isolated with different chemical structures
and biological functions from jujube fruit using water
extraction, ultrasound-assisted, alkali extraction, and
other purification conditions (Ji et al., 2018a, 2018b,
2019a, 2020b; Lin et al., 2019). In addition, Cai et al.
(2018) extracted JCS-1 and JCS-2 from cv. Jinchangzao
using a hot-water extraction method. HPLC analysis
indicated that JCS-1 and JCS-2 were composed mainly
of galacturonic acid (GalA) (Table 1). A recent study
found that SAZMP4 (a novel antioxidant pectin
isolated from jujube) was composed mainly of rhamnose,
arabinose, xylose, mannose, and GalA through 1,4-
linked GalA (93.48%) (Lin et al., 2020).

3.2 Polyphenols

Polyphenols such as phenolic acids, tannins,
flavonoids, stilbenes, and lignans are secondary me-
tabolites of plants (Al-Dujaili, 2015; Li et al., 2016).
In the past decade, many studies have focused on the
role of jujube polyphenols in treating human diseases.
The main aspects of current research on polyphenols
from jujube fruit are extraction and purification, iden-
tification of polyphenols, and the determination of total
and specific contents. The methods available for the
extraction of jujube polyphenols are organic solvent
extraction (Lai et al., 2011), ultrasonic-assisted extraction
(Ran et al., 2013), and enzymatic hydrolysis (Kam-
merer et al., 2005), while the total polyphenol content
is measured by the Folin-Ciocalteu colorimetric method.
Kou et al. (2015) analyzed the bioactive compounds
of 15 jujube cultivars from the Loess Plateau of Shanxi,
China. The study indicated that the total phenolic con-
tent (bound+free polyphenols) of jujube fruit ranged
from (0.558+0.043) mg gallic acid equivalent (GAE)/g
FW (cv. Zanhuangzao) to (2.520+0.032) mg GAE/g

FW (cv. Tengzhouchanghongzao), while the content
of free polyphenols was much higher than that of
bound polyphenols. These 15 jujube cultivars are also
rich in flavonoids, with total contents ranging from
(0.4740.06) mg rutin equivalent (RE)/g FW (cv. Huping-
zao) to (2.00+0.08) mg RE/g FW (cv. Nanjingyazao).
Wojdyto et al. (2016) applied liquid chromatography
(LC)-MS-quadrupole time-of-flight (QTOF), and ultra-
performance liquid chromatography-photodiode array-
fluorescence detector (UPLC-PDA-FL) methods for
the determination of 25 phenolic compounds in Spanish
jujube. Their analysis revealed that the jujube contained
flavan-3-o0ls (one of the main phenolic acid compo-
nents) comprising 89% to 94% of the total polyphenol
content, which ranged from 1442 to 3432 mg/100 g
dry matter (DM). Recently, another group evaluated
the total phenol and flavonoid contents of 16 jujube
cultivars from China (Wang BN et al., 2020). They
found that the content of polyphenols ranged from
2.534 to 4.949 mg GAE/g, and flavonoids from 1.253
to 4.254 mg rutin/g. Subsequently, a total of ten phe-
nolic acids and two flavonoids were determined in
jujube, among which p-hydroxybenzoic acid, proto-
catechuic acid, chlorogenic acid, and rutin were the
main components. However, studies also reported that
the phenolic acid composition and content levels of
jujube fruits depend mainly on the cultivar and the
stage of fruit development (Gao et al., 2012; Pu et al.,
2018; Shi et al., 2018). To facilitate the comprehensive
discussion of this review, we have summarized the
advanced research on individual phenolic compounds
and the range of polyphenols of jujube fruits in Table 2.

3.3 Amino acids

Amino acids are essential nutrients for human
health (Hou et al., 2019). The content and composition
of amino acids in jujube fruit affect its flavor and
biological activity (Pu et al., 2018). Studies found that
jujube fruit contain at least a dozen major amino
acids, which vary depending on the cultivar, maturity
stage, and processing method (Rahman et al., 2018;
Song et al., 2019; Bao et al., 2021). A study detected
a total of 18 amino acids in four jujube cultivars
(“Hupingzao,” “Huizao,” “Xiaozao,” and “Junzao”)
grown in northwest China. Proline (Pro), aspartic acid
(Asp), and glutamic acid (Glu) accounted for 64.5%—
70.0% of the total amino acids (Kaeidi et al., 2015).
These amino acids have about 76.5%—80.8% of the
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Table 2 Identified polyphenols in jujube (Ziziphus jujuba Mill.) fruit

Phenolic compound

Content

Reference

Phenolic acid
Gallic acid
Chlorogenic acid
Caffeic acid
Ferulic acid
Cinnamic acid
Protocatechuic acid
p-Cumaric acid
p-Hydroxybenzoic acid

0.103—15.700"

Gao et al., 2012; Shi et al., 2018

0.016-9.480° Gaoetal., 2012; Puetal., 2018; Shi et al., 2018
0.004—2.270° Gaoetal., 2012; Puetal., 2018; Shi et al., 2018
0.002—5.000° Gao etal., 2012; Pu et al., 2018; Shi et al., 2018
0.008—4.460° Gaoetal., 2012; Puet al., 2018; Shi et al., 2018
0.778—0.880° Gaoetal., 2012; Puetal., 2018

0.18—0.66" Puetal., 2018

7.01-12.53"

Puetal., 2018

Ellagic acid 0.0156—1.5800° Gaoetal.,2012; Puetal., 2018
Flavan-3-ol
(+)-Catechin 1.30-16.82° Gaoetal., 2012; Puetal., 2018; Shi et al., 2018
(-)-Epicatechin 0.12-30.41° Gaoetal., 2012; Puetal., 2018; Shi et al., 2018
Polymeric proanthocyanidin 9392548  Wojdylo et al., 2016
Degree of polymerization (DP) 2.02-2.34 Wojdyto et al., 2016
Procyanidin B1 3.119-29.030° Shietal, 2018
Procyanidin B2 239-389* Wojdyto et al., 2016
Procyanidin B3 3.80-49.10° Shietal., 2018
Flavanol
Quercetin 0.022—4.280° Gao et al., 2012; Pu et al., 2018; Shi et al., 2018
Rutin 0.52—7.33" Gao et al., 2012; Pu et al., 2018

Quercetin-3-rhamnoside
Quercetin-3-galactoside
Quercetin-3-0-robinobioside
Quercetin-3-O-rutinoside
Quercetin-3-O-robinobioside
Quercetin-3-0-arabino-rhamnoside
Quercetin-3-0-xyloso-rhamnoside
Quercetin-3-O-rutinoside-7-O-hexoside
Quercetin-3-O-rutinoside-7-O-pentoside
Kaempferol-3-O-rutinoside
Kaempferol-3-O-robinobioside
Kaempferol-3-O-hexose-O-deoxy-hexose-O-pentoside

Flavanone
Eriodictyol derivative

Dihydrochalcone
Phloretin-3',5'-di-glucoside

0.8—1.9" Wojdyto et al., 2016
0.2-0.5" Wojdyto et al., 2016
0.3—1.1* Wojdylo et al., 2016

41.7-157.0  Wojdyto et al., 2016

0.0-2.2% Wojdyto et al., 2016

21.1-70.4* Wojdylo et al., 2016

0-13* Wojdyto et al., 2016
0.6-3.2% Wojdyto et al., 2016
0.7-2.9" Wojdyto et al., 2016
0.6—1.9" Wojdyto et al., 2016
7.2-12.2° Wojdyto et al., 2016
7.8—48.6" Wojdyto et al., 2016

1.2-4.5" Wojdyto et al., 2016

1.2-2.0* Wojdyto et al., 2016

* Content in mg/100 g fresh weight (FW). * Content in mg/100 g dry weight (DW).

antioxidant and anti-inflammatory properties of the
total amino acids. Essential amino acids (EAAs), such
as lysine (Lys), threonine (Thr), tryptophan (Trp),
valine (Val), leucine (Leu), isoleucine (Ile), histidine
(His), phenylalanine (Phe)+tyrosine (Tyr), and methi-
onine (Met)+cysteine (Cys), were also analyzed in the
four jujube cultivars. According to the results, cv.
Junzao had the highest EAA reference score among
these cultivars (Rahman et al., 2018). Song et al.
(2019) compared the composition and content of amino
acids in jujube fruit at four stages of ripening: green

maturity (GM), yellow maturity (YM), half-red maturity
(HRM), and red maturity (RM). A total of 26 free
amino acids were detected, and their total contents
gradually decreased with the maturity of the fruit
(Song et al., 2019). Pu et al. (2018) found that high
temperature accelerates the loss of free amino acids in
cv. Junzao fruit during the long-term storage. In con-
trast, the proline (Pro) content of the fruit increased,
which may be related to the environmental and tem-
perature stress response of the fruit under poor
storage conditions.



3.4 Nucleosides and nucleobases

Nucleosides and nucleobases are often selected
as quality control markers for functional foods and
are involved in the regulation of a variety of biological
processes, such as gene expression, cell proliferation,
antioxidant, anti-inflammatory, cardioprotective and
anticancer activities (Yamamoto et al., 1997; Yuan
et al., 2008; Phan et al., 2018). Therefore, it is always
important to evaluate and analyze the content of
nucleosides/nucleobases to understand the effects of
different jujube cultivars or processing methods. Guo
et al. (2015b) analyzed the content and composition
of nucleosides and nucleobases in jujube (cv. Ling-
wuchangzao) fruits treated by different processing
methods. The results of HPLC-diode array detection
(DAD) and LC-MS analyses showed that nine nucleo-
sides and nucleobases, including uracil, hypoxanthine,
guanine, cytidine, uridine, adenine, cyclic adenosine
monophosphate (CAMP), cyclic guanosine monophos-
phate (¢cGMP), and guanosine, were found in jujube.
The study also found that the total content of nucleo-
sides and nucleobases in jujube fruit increased with
the extension of drying time. However, cAMP and
c¢GMP in the jujube fruit were not stable during the
steaming process. The cyclic nucleotides (mainly
cAMP and cGMP) in jujube fruit act as secondary
messengers, and are involved in the regulation of a
variety of physiological and biochemical processes in
the body (Nair et al., 2019). Kou et al. (2015) revealed
that the cAMP content of 15 jujube species ranged
from 17.38 to 193.93 pg/g FW. The Z. jujuba cv.
Hupingzao showed promising prospects for the
extraction and utilization of cAMP. The effects of
different drying methods on the contents of cAMP
and ¢cGMP in fruit of Z. jujuba cv. Jinsixiaozao were
described by Wang et al. (2016). The study suggested
that the content of cyclic nucleotides in jujube was
reduced by air drying (AD), sun drying (SD), or
microwave drying (MD). After process optimization,
the authors indicated that AD at 50 °C was a better
choice to obtain product with high levels of cAMP
and cGMP from cv. Jinsixiaozao.

3.5 Triterpenic acids

Triterpenoids are one of the major functional
constituents of Z. jujuba. Similar to most other nutrients
of jujube, the content of triterpenoids is affected by
the cultivar and processing methods (Guo et al,
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2015a, 2015b; Song et al., 2020). The total triterpene
contents of 15 types of jujube fruit were analyzed by
Kou et al. (2015). Values ranged from (7.52+0.18) to
(16.57+0.11) mg ursolic acid equivalent (UAE)/g FW.
The highest amount of total triterpenes was found in
cv. Shenglizao (ShLZ), and the lowest in cv. Xiang-
fenyuanzao (XFYZ). A recent study showed that the
total triterpenoid acid contents of 99 jujube samples
ranged from 1.08 to 7.92 ng/g DW, with an average
value of 3.73 pg/g DW. Moreover, a total of 16 triter-
penoid acid peaks were detected by UPLC, among
which betulinic acid, alphitolic acid, maslinic acid,
oleanolic acid, and ursolic acid were the major triterpe-
noid acids (Song et al., 2020). Phytochemical studies
have shown that most triterpenoids derived from
cereals and vegetables have a variety of functions, such
as antioxidant, anti-inflammatory, hepatoprotective,
and anti-tumor properties (Xu et al., 2018; Yang et al.,
2018; Ghante and Jamkhande, 2019). Ursonic acid,
a pentacyclic triterpenoid extracted from Z. jujuba,
may alleviate the deterioration caused by tumors
or skin aging by inhibiting the expression of matrix
metalloproteinase (MMP) genes (Son and Lee, 2020).
A research group from Japan uncovered the anti-
hyperglycemia effect of the triterpenoids of jujube
fruit (Kawabata et al., 2017). They found that betulonic
acid, betulinic acid, oleanonic acid, and ursonic acid
could promote glucose uptake in rat L6 myotubes in a
glucose transporter-4-dependent manner. Li et al. (2018)
established a highly efficient, sensitive, and accurate
UPLC-MS/MS method to detect the pharmacokinetic
characteristics of seven triterpenoids in normal and
immunosuppressed rats after oral administration of
jujube fruit. They found that the pharmacokinetic
parameters of triterpenoids were significantly different
between normal and immunosuppressed rats. Thus,
these kinetic characteristics may provide a reference
value for the clinical application of triterpenic acids
from jujube fruit (Li et al., 2018).

3.6 Alkaloids

Alkaloids are basic nitrogen-containing organic
compounds, most of which have a complex nitrogen-
containing heterocyclic ring. They are known to have
significant physiological effects (Cushnie et al., 2014;
Senchina et al., 2014). As characteristic components
of jujube plants, alkaloids are found mostly in the
roots, stems, leaves, and seed (Yoon et al., 2009;
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Kang et al., 2015; Sakna et al., 2019). Although there
are many kinds of alkaloids in jujube fruit, the contents
are generally low and they are difficult to separate
and extract. As a result, related research has rarely
been reported. Zhang et al. (2019) reported that the
optimal method for the extraction of alkaloids from
“Goutou” jujube fruit was as follows: solid-liquid
mass ratio 1:12, ethanol concentration 70%, and
extraction time 2.5 h. They also found that the
alkaloids of “Goutou” jujube could effectively scavenge
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals,
which confirmed their antioxidant activity.

4 Research advances on jujube fruit health
functions

Jujube fruit is delicious and nutritious, and has
always been regarded as a healthy supplement. For
more than a thousand years, in China the jujube has
also been a traditional herbal medicine to calm the
mind and soothe the nerves (Chen et al., 2017). Now,
modern scientific research has revealed that the
biologically active substances in jujube have cancer
prevention, antioxidant, anti-inflammatory, hepatopro-
tective, neuroprotective, and antiviral properties, and
other healthcare effects including improving immune
function (Table 3; Fig. 1) (Gao et al., 2013; Abedini
etal., 2016; Ji et al., 2017).

4.1 Anticancer activity

Many experimental studies have shown that ju-
jube fruit bioactive substances can slow down the
occurrence and development of certain cancers by
inducing cellular apoptosis, inhibiting the related
signaling pathways, and regulating gut microbes.
Researchers found that consumption of jujube fruit by
dextran sodium sulphate (DSS)/azoxymethane (AOM)-
induced colorectal cancer model mice for 62 consecu-
tive days could decrease colon aberrant crypt foci and
delay the process of colon carcinogenesis (Periasamy
et al.,, 2015). A recent study found that jujube fruit
ultimately reduced the number of colon tumors in
DSS/AOM-induced mice by inhibiting the nuclear
factor-kB (NF-kB)/interleukin-6 (IL-6)/Janus kinase 1
(JAK1)/signal transducer and activator of transcription
3 (STAT3) signaling pathway (Periasamy et al., 2020).
Likewise, Son and Lee (2020) found that ursonic acid

(a pentacyclic triterpenoid compound extracted from
jujube fruit) exhibited anticancer activity by inhibiting
the extracellular signal-regulated kinase (ERK) and
cyclic adenosine monophosphate (cAMP) response
element-binding protein (CREB) signaling pathways
and reducing the transcriptional expression levels of
gelatinase (MMP-2 and MMP-9) in non-small cell
lung cancer cells. Pro-apoptosis is a classical anticancer
mechanism. Jujube aqueous extract from semi-dried
fruits was reported to inhibit the proliferation of
OV2008 and MCEF-7 cancer cells by increasing the
expression of B-cell lymphoma 2 (Bcl2)-assosiated X
(Bax) gene and reducing the expression of the Bc/2
gene (Abedini et al., 2016). In recent years, inhibition
of tumor development by regulating intestinal micro-
organisms using jujube extract has attracted much
attention. Ji et al. (2020a) found that an active poly-
saccharide purified from jujube fruit significantly
reduced the abundance of Firmicutes/Bacteroidetes,
and was effective in preventing and treating DSS/
AOM-induced colitis cancer in a mouse model by
reshaping the intestinal flora. Subsequently, the team
also reported that cv. Muzao polysaccharides could
significantly increase the Bifidobacterium, Bacteroides,
and Lactobacillus in the intestinal tract of mice,
reduce the expression of proinflammatory parameters,
increase the concentration of short-chain fatty acids,
and prevent further progression of colon cancer (Ji
et al., 2019b). Moreover, Wang LY et al. (2020) found
that jujube fruit powder could increase the species
abundance of Lachnospiraceae and decrease the abun-
dance of Prevotellaceae, improving both the response
rate and treatment effect of anti-PD-L1 in an MC38
colon tumor model mouse.

4.2 Antioxidant activity

Increasing evidence shows that many diseases
are closely related to the accumulation of harmful free
oxygen radicals (Halliwell, 2012; Poprac et al., 2017).
Reactive oxygen species (ROS), a general term for
oxygen ions, free radicals, and peroxides of both
inorganic and organic componds, are involved in
various biological pathways such as cell proliferation,
apoptosis, and cell signal transduction (Brieger et al.,
2012; Diebold and Chandel, 2016; Forrester et al.,
2018). Jujube fruit, as a Chinese herb, has a long
history of antioxidant applications. In recent years,
studies have found that the two homologous active
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Table 3 Health benefits of jujube fruit

Biological

function Jujube sample used ~ Experimental model Findings Reference
Anticancer Jujube fruit was Colitis-associated Jujube fruit attenuated aberrant crypt foci and Periasamy
activity supplemented in feed  colon decreased the progression of hyperplasia to et al., 2015
at 5% and 10% (mass  carcinogenesis in dysplasia. In addition, it reduced circulating
fraction) AOM/DSS-treated ~ white blood cells, lymphocytes, neutrophils,
mice monocytes, eosinophils, basophils, and
platelets compared to colon cancer mice.

Jujube fruit diet for 70 d Colitis-associated Dietary jujube increased colon length and Periasamy
(5% or 10%, mass colon suppressed the activation of NF-kB/IL-6/ et al., 2020
fraction) carcinogenesis in JAK1/STAT3 signaling pathway.

AOM/DSS-treated
mice

Jujube extract (ursonic  A549, H1299, and Ursonic acid inhibited ERK and CREB Son and
acid) HaCaT cells signaling pathways and reduced the Lee, 2020

transcriptional expression levels of
gelatinase (MMP-2 and MMP-9) in non-
small cell lung cancer cells, thereby
exerting remarkable anticancer capabilities.

Jujube fruit aqueous Cervical cancer cell ~ Jujube fruit aqueous extract inhibited the Abedini
extract line (OV2008), proliferation of OV2008 and MCF-7 cancer et al., 2016

breast cancer cell cells. The potential mechanism is through
line (MCF-7), and increasing the expression of Bax gene and
normal cell line reducing the expression of Bcl2 gene.
(MCF-10A)

Jujube polysaccharides AOM/DSS-induced  Jujube polysaccharides could significantly Jietal.,

colitis cancer in decrease Firmicutes/Bacteroidetes and ward ~ 2020a
C57BL/6 mice off colon cancer by ameliorating colitis
cancer-induced gut dysbiosis.

Z. jujuba cv. Muzao AOM/DSS-induced ZMP increased the enrichment of Jietal.,
polysaccharides colitis cancer in Bifidobacterium, Bacteroides, and 2019b
(ZMP) C57BL/6 mice Lactobacillus, reduced the expression of

proinflammatory factors, increased the
concentrations of short-chain fatty acids, and
prevented further progression of colon cancer.

Jujube powder Mouse MC38 colon  Jujube powder increased the species richness  Wang LY

tumor model of Lachnospiraceae, decreased the etal.,
abundance of Prevotellaceae, and improved 2020
both the response rate and therapeutic
efficiency of anti-PD-L1.

Antioxidant Two active DPPH, hydroxyl LZJP3 and LZJP4 extracted from Z. jujuba cv. Wang et al.,

activity polysaccharides radical, superoxide  Linzexiaozao have strong antioxidant 2018
(LZJP3 and LZJP4) anion, and effects on DPPH, hydroxyl radicals,
extracted from jujube  hydrogen peroxide  hydrogen peroxide, and superoxide radicals.
scavenging activity

Jujube fruit residues Hydroxyl free radical SAZMP3 could scavenge hydroxyl radicals ~ Lin et al.,
polysaccharide and DPPH free and DPPH radicals in a concentration- 2019
extract (SAZMP3) radical scavenging dependent manner in vitro.

ability

Jujube fruit powder Fruit flies Jujube fruit powder supplementation increased Ghimire and
supplementation flies’ ability to resist starvation stress and Kim, 2017
(30 and 150 mg/mL) ROS stress.

Flavonoid extracted In vitro (DPPH, ZJF could increase the activity of SOD and Huang et al.,
from Z. jujuba cv. ABTS, FRAP); GSH in the mouse liver. 2017
Jinsixiaozao (ZJF) in vivo (male

BALB/c mice)

Anti- Alcohol extract from  Carrageenan-induced EEZJ eliminated the carrageenan-induced paw Mesaik et al.,
inflammatory jujube fruit (EEZJ) paw oedema in oedema in female Wistar rats by inhibiting 2018
activity 800, 1200, and female Wistar rats inflammation.

1600 mg/kg

To be continued
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Table 3
Bgrll(;%ilgsl Jujube sample used ~ Experimental model Findings Reference
ZJF Male BALB/c mice  ZJF decreased APAP-induced inflammatory =~ Huang et al.,
mediator production (NO, TNF-q, IL-6, and 2017
IL-1pB) and inhibited NF-«B signaling
pathway to protect the mouse liver.
Jujube fruit diet for 70 d AOM/DSS-treated ~ Jujube fruit suppressed intestinal inflammation Periasamy
(5% or 10%, mass mice by blocking pathway of NF-kB/IL-6/JAK1/  etal., 2020
fraction) STATS3.
Hydroalcoholic extract Rat with induced Jujube extract could decrease the Tanideh
of Z. jujuba fruits ulcerative colitis myeloperoxidase activity and stimulate etal., 2016
SOD and GSH peroxidase activity.
Polysaccharides from Z. Cyclophosphamide- Polysaccharides from Z. jujuba cv. Pozao Han et al.,
Jujuba cv. Pozao induced ICR mice could increase the levels of IL-2, IL-4, IL- 2020
for 28 d 10, and IFN-y in the spleens of
immunosuppressed mice.

Anti- Dried jujube fruitand ~ Mice fed 60% Dried jujube and chokeberry reduced the Jeong and
hyperglycemic  chokeberry dietary high-fat and 10% HFFD mice body weight, attenuated blood Kim, 2019
activity fructose diet glucose and triglyceride concentrations.

Jujube fruit active Rat L6 myotube These polycyclic triterpenoids induced Kawabata
substances (betulinic glucose uptake in a glucose transporter-4- etal., 2017
acid, oleanolic acid, dependent manner, and finally promoted
and ursonic acid) glucose uptake in rat L6 myotubes.

Jujube Mice fed ZSP significantly improved the HDL-C and ~ Zhao Y
(cv. Shaanbeitanzao) high-fructose HOMA-IR levels, reduced insulin etal., 2014
polysaccharide (ZSP) resistance, and balanced blood lipid
0, 200, and 400 mg/kg homeostasis in high-fructose diet mice.

BW for four weeks

Jujube water extract The normal human ~ PZMP1 reduced the activity of ALT and Jietal.,
from Z. jujuba cv. liver cell line LO2 inhibited the oleic acid-induced triglyceride =~ 2018b
Muzao (PZMP1) and lipid accumulation in a concentration-

dependent manner in LO2 cells.

Immunoregulatory Z. jujube cv. Kunming male mice JJC1 and JJC2 stimulated the NO production Cai et al.,

activity Jinchangzao ethanol and phagocytic activity of RAW264.7 cells 2017
extract (JJC1 and and promoted the proliferation of spleen
J1C2) lymphocytes.

Z. jujuba cv. RAW264.7 cells There was a positive dose-dependent Caietal.,
Jinchangzao relationship between JCS-1, JCS-2 and 2018
polysaccharides phagocytic indices. JCS-1 and JCS-2
(JCS-1 and JCS-2) showed immunological activity in a dose-

dependent manner. Sulfated derivatives
exhibited stronger immunological activity
than native polysaccharides.

Z. jujuba cv. Huizao Kunming male mice HP1 and HP2 improved the functions of Zou et al.,
polysaccharides (HP1 spleen and thymus, promoted the formation ~ 2018
and HP2) of serum hemolysin, increased the

phagocytosis of macrophages, and
alleviated the edema of foot pads of mice.

Neuroprotective  Jujube aqueous extracts PC12 cells Aqueous extracts promoted the expression of Chen et al.,

activity neuronal cell-specific cytoskeleton proteins 2015
in PC12 cells.

Jujube fruit in PC12 cells Jujube-containing herbal decoctions Lam et al.,

traditional Chinese stimulated the growth of neurite and protein 2016

medicine
prescriptions

expression of neurofilaments after
co-incubation with PC12 cells.

To be continued
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Table 3
Biological . . L
function Jujube sample used ~ Experimental model Findings Reference
Antiviral activity Jujube active substance Influenza A/PR/8 Betulinic acid (50 umol/L) showed Hong et al.,
(betulinic acid) virus infected AS49  satisfactory antiviral activity without 2015
cell and mice significant cytotoxicity to influenza A/PR/8

virus-infected cell line A549. In vivo
experiments have shown that betulinic acid
can relieve the symptoms of lung necrosis
and edema caused by influenza A/PR/8
virus in mice.

Jujube flavonoids Anti-tobacco mosaic  These two new compounds possessed Lietal,
(compound 1 and virus (TMV) significant activity against tobacco mosaic 2013
compound 2) activity was tested virus replication, with inhibition rates of

using the half-leaf 92.8% and 88.6%, respectively.
method

Jujube fruit in HEp-2, A549, and Inhibited coxsackievirus B4 (CVB4)-induced Yen et al.,
Yakammaoto HK-2 cell lines cellular damage by preventing viral 2014
(a prescription of attachment, internalization, and replication.
traditional Chinese
medicine)

AOM: azoxymethane; DSS: dextran sodium sulphate; NF-«B: nuclear factor- kB; IL: interleukin; JAK1: Janus kinase 1; STAT3: signal
transducer and activator of transcription 3; ERK: extracellular signal-regulated kinase; CREB: cyclic adenosine monophosphate (cAMP)
response element-binding protein; MMP: matrix metalloproteinase; DPPH: 2, 2-diphenyl-1-picrylhydrazyl; ROS: reactive oxygen species;
ABTS: 2, 2'-azinobis- (3-ethylbenzthiazoline-6-sulphonate); FRAP: ferric-reducing antioxidant power; SOD: superoxide dismutase; GSH:
glutathione; TNF-a: tumor necrosis factor- a; IFN-v: interferon-y; HFFD: high-fat-fructose diet; BW: body weight; HDL-C: high-density
lipoprotein-cholesterol; HOMA-IR: homeostasis model assessment-insulin resistance; APAP: acetaminophen; ALT: alanine aminotransferase.

Antioxidant
activity

Anti-inflammatory
activity \

Antic_ar_lcer
activity

Anti-

Ry RHiDIEEHIc / \ Antiviral activity
Anti-
hyperglycemic

Fig. 1 Bioactive functions of jujube. The major benefits from the bioactive functions of jujube fruit include
anticancer, antioxidant, anti-inflammation, anti-hyperglycemia, anti-hyperlipidemia, antivirus, neuroprotection, and
immunoregulation.

polysaccharides (LZJP3 and LZJP4) extracted from acidic polysaccharide (SAZMP3) from Z. jujuba
Z. jujuba cv. Linzexiaozao have strong antioxidant cv. Muzao fruit could scavenge hydroxyl and DPPH
effects, as evaluated by DPPH radicals, hydroxyl radicals in a concentration-dependent manner in vitro.
radicals, hydrogen peroxide, and superoxide radicals They also indicated that SAZMP3 showed a strong
(Wang et al., 2018). Lin et al. (2019) reported that an  ferric ion-reducing capacity. In in vivo antioxidant
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studies, it was reported that fruit flies fed with
150 mg/mL jujube fruit supplement could effectively
reduce ROS stress and increase their average survival
time (Ghimire and Kim, 2017). Huang et al. (2017)
pointed out that flavonoid extracted from Z. jujuba cv.
Jinsixiaozao (ZJF) is a natural antioxidant that can
increase the activity of superoxide dismutase (SOD)
and glutathione (GSH) in the mouse liver.

4.3 Anti-inflammatory activity

In general, inflammation is the body’s automatic
defense response to pathogens and tissue injury (Ku-
prash and Nedospasov, 2016). Chronic inflammation
may result in diabetes, stroke, cardiovascular disease,
and even cancer (Mantovani et al., 2008; Medzhitov,
2008, 2010). Therefore, anti-inflammatory therapeutics
are necessary for healthy living. Ulcerative colitis
(UC) is one kind of inflammatory bowel diseases
(IBDs), which affects the normal functions of the
descending colon and rectum. Tanideh et al. (2016)
indicated that a hydroalcoholic extract of Z. jujube
fruit has a healing effect in damaged colonic tissue
and reduces GSH peroxidase and IL-1 levels in 3%
acetic acid-induced UC rats. Mesaik et al. (2018)
reported that an alcohol extract from jujube fruit
(EEZJ) eliminated carrageenan-induced paw oedema
in female Wistar rats by inhibiting inflammation.
Huang et al. (2017) studied the anti-inflammatory
properties ZJF and found that ZJF decreased acetamin-
ophen (APAP) -induced inflammatory mediator pro-
duction (NO, tumor necrosis factor-o (TNF-a), IL-6,
and IL-1B) and inhibited the NF-xB signaling pathway
to protect the mouse liver. Periasamy et al. (2020)
demonstrated that Z. jujuba fruit suppressed intestinal
inflammation by blocking the NF-«xB/IL-6/JAK1/
STAT3 pathway in AOM/DSS-induced colorectal mice.
Han et al. (2020) found that a dietary supplement of
polysaccharides from Z jujuba cv. Pozao could
increase the levels of 1L-2, IL-4, IL-10, and interferon-y
(IFN-y) in the spleen of immunosuppressed mice,
which effectively improved the inflammatory response
to cyclophosphamide-induced hypoimmunity.

4.4 Anti-hyperglycemic and anti-hyperlipidemic
properties

The incidence of diabetes is linked to abnormal
glucose metabolism and dyslipidemia (Matschinsky,
2005; Wu and Parhofer, 2014). In many in vivo

experiments, the effect of jujube fruit on the regulation
of glucose and lipids has been proved. Jeong and Kim
(2019) reported the effects of dried jujube fruit and
chokeberry dietary intervention in high-fat-fructose
diet (HFFD) mice for 11 weeks. The results showed
that the diet significantly reduced the mouse body
weight, and attenuated blood glucose and triglyceride
concentrations. The consumption of chokeberry and
dried jujube activated the insulin receptor substrate-1
(IRS-1)/phosphatidylinositol-3-OH kinase (PI3K)/
protein kinase B (Akt) signaling pathway and increased
insulin sensitivity in the HFFD-induced obese mice.
Kawabata et al. (2017) found that jujube fruit contains
polycyclic triterpenoids (betulinic acid, oleanolic acid,
betulinic acid, and ursonic acid). These compounds
induced glucose uptake in a glucose transporter-4-
dependent manner, and promoted glucose uptake in
rat L6 myotubes. Zhao Y et al. (2014) fed mice with
20% high-fructose water and jujube (cv. Shaanbeitanzao)
polysaccharide (ZSP) for four weeks. The results
showed that the serum glucose and insulin concentrations
of the mice were lowered by 6.5% and 12.5%,
respectively, in the HF+LZSP (20% high-fructose
water+200 mg/kg body weight (BW) ZSP) group, and
by 10.0% and 38.4%, respectively, in the HF+HZSP
(20% high-fructose water+400 mg/kg BW ZSP) group,
compared to the HF group. The homeostasis model
assessment-insulin resistance (HOMA-IR) score of
the mice in the HF+LZSP and HF+HZSP groups
showed a decrease of about 25.0% and 31.3%,
respectively, compared to the HF group. In addition,
in vitro studies showed that PZMP1 (a kind of neutral
polysaccharide isolated from Z. jujuba cv. Muzao)
reduced the activity of alanine aminotransferase
(ALT) and inhibited oleic acid-induced triglyceride
and lipid accumulation in a concentration-dependent
manner in LO2 cells (Ji et al., 2018b).

4.5 Immunoregulatory activity

In general, functional foods can regulate the
immune system by enhancing or suppressing the
immune response, providing host defenses against
infection, and suppressing allergies and inflammation
(Ashaolu, 2020). Cai et al. (2017) studied the immu-
nological activity of two biological water-soluble
lignins (JJC1 and JJC2) from Z. jujuba cv. Jinchang-
zao. They showed that both JJCI and JJC2 could
stimulate NO production and phagocytic activity of



RAW264.7 cells, and promote the proliferation of
spleen lymphocytes. Moreover, they found that JCS-1
and JCS-2, two active polysaccharides isolated from
cv. Jinchangzao, had the ability to regulate the
immune function. The immunomodulatory activity of
polysaccharides was further enhanced after sulfated
modification (Cai et al.,, 2018). Zou et al. (2018)
recently demonstrated that two acidic polysaccharides
(HP1 and HP2) purified from Z. jujuba cv. Huizao
could significantly improve the function of the spleen
and thymus, promote the formation of serum hemolysin,
increase the phagocytosis of macrophages, and alleviate
edema of the foot pads of mice. Furthermore, polysac-
charide component HP2 had a more significant and
stable effect on immune regulation than HP1.

4.6 Neuroprotection

Chen et al. (2015) compared the neuroprotective
effects of ripe and unripe jujube fruit cultivated in
Cangzhou, Hebei Province, China. They revealed that
aqueous extracts from the two developmental stages
of jujube fruit promoted the expression of the neuronal
cell-specific cytoskeleton protein, neurofilament 68,
in PC12 cells. The neuroprotective effect of the
mature jujube fruit extract was the most significant.
(Chen et al., 2015). Guizhi Tang (GZT), Neibu
Dangguijianzhong Tang (NDT), and Zao Tang (ZOT)
are three TCM prescriptions containing jujube fruit
which have been found to stimulate the growth of
neurite and the expression of neurofilament proteins
after co-incubation with PC12 cells. Most importantly,
jujube as a synergistic agent of these three kinds of
decoctions, can significantly increase neuroprotective
activity and reduce drug toxicity (Lam et al., 2016).

4.7 Antiviral activity

Effectively dealing with the damage caused by
infectious viruses to animals and plants is a major
challenge for the world’s public health systems. In
developing research work, the effective antiviral
effects and active ingredients of jujube have attracted
great attention in the field of medicine.

Betulinic acid, a pentacyclic triterpenoid, was
first extracted from jujube fruit. Hong et al. (2015)
found that betulinic acid had a special inhibitory
activity against influenza A/PR/8 virus. The study
indicated that 50 pumol/L of betulinic acid showed
satisfactory antiviral activity without significant
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cytotoxicity to influenza A/PR/8 virus-infected cell
line A549. In vivo experiments showed that betulinic
acid can relieve the symptoms of lung necrosis and
edema caused by influenza A/PR/8 virus in mice.

Jujube is a traditional herbal medicine and is
frequently used in many traditional Chinese antiviral
formulas. For example, Yakammaoto is a prescription
of TCM containing nine components, including jujube
fruit. In cellular experiments, Yakammaoto was proven
to inhibit coxsackievirus B4 (CVB4)-induced cellular
damage by preventing viral attachment, internalization,
and replication (Yen et al., 2014). Furthermore, Kang
et al. (2015) extracted eight cyclopeptide alkaloids
(1-8) from dried roots of Z. jujuba using an acid-base
method. Their data suggested that compounds 2
(jubanines-G), 3 (jubanines-H), and 6 (nummularine-B)
had potential inhibitory effects on porcine epidemic
diarrhea virus (PEDV). It was also the first report of
antiviral activity from plant-derived cyclopeptide
alkaloids, especially in Z. jujube. Li et al. (2013) also
reported two new flavonoids, 8-formyl-3',4"-dihydroxy-
6,7-dimethoxyflavone (compound 1) and 8-formyl-4'-
hydroxy-3',6, 7-trimethoxyflavone (compound 2), isolated
from the fruits of jujube. Their results suggested that
these two new compounds had significant activity
against tobacco mosaic virus replication, with inhibition
rates of 92.8% and 88.6%, respectively.

5 Future perspectives and conclusions

As a dietary supplement, jujube fruit is now
considered to be a cheap, readily applicable, acceptable,
and available product for the prevention and treatment
of a variety of diseases (Rodriguez Villanueva and
Rodriguez Villanueva, 2017). When nutrients and
non-nutritive phytochemicals in jujube fruit, such as
polysaccharides, polyphenols, amino acids, nucleotides,
fatty acids, DF, and other key components, are absorbed
by human body, they coordinate and interact with
each other to fulfil physiological functions such as
anti-oxidative, anti-inflammatory, liver protective,
antiviral, anticancer, neuroprotective, and sedative
functions. However, caution is essential when attempting
to extrapolate relationships between nutrients and
health functions in jujube. This is because the cultivar,
stage of maturation, and storage and processing
conditions of the fruit can affect its nutritional value
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and eventually lead to an increase or loss of some
active functions (Ding et al., 2017; Pu et al., 2018;
Shi et al., 2018).

Overall, jujube fruit contains a large number of
functional substances with a variety of physiological
effects. Apart from providing nutrition for the body,
there have been few clinical studies on the significant
effects of jujube, which limits the application of its
active components in clinical medicine. In many
experiments, the biological effects of jujube nutritional
components in cell models are achievable only at sup-
raphysiological intracellular concentrations, which are
usually higher than those available in the human
body. Moreover, the bioavailability of most nutrients
could be reduced after being digested and absorbed
by the human intestinal tract. Therefore, in-depth
analysis of the metabolic pathways and pharmacoki-
netics of the active components of jujube is crucial
for future clinical applications. Currently, although
many TCM prescriptions containing jujube have been
used in the prevention and treatment of diseases, more
studies are needed to clarify the correspondence
between the content of active components and biologi-
cal functions of jujube and the molecular mecha-
nisms. These studies also will provide a more safe,
scientific, and rigorous theoretical basis for applying
the jujube as a functional food.
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