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Abstract: Green jujube (Ziziphus mauritiana Lam.), a notable species of the genus Ziziphus within the
family Rhamnaceae, is typically a small evergreen tree or a large shrub with numerous branches, though
it can occasionally grow into a tall arbor tree. It is one of the oldest cultivated fruit crops in the world,
with a history of utilization and cultivation dating back approximately 11 000 years ago to the Neolithic
Age on the Indian subcontinent; hence it is also known as “Indian jujube” or “ber”. Renowned for its
high nutritional and medicinal value, green jujube is considered superior and rare fruit in tropical and
subtropical regions. Coupled with its strong adaptability to the environment, easy management, mini-
mal input requirements, and high drought, flood and salt tolerance, it is widely distributed in over 100
countries or regions across five continents: Asia, Africa, Oceania, North America, and South America.
In China, green jujube is consumed as a rare tropical fruit for its delightful taste and texture, character-
ized by crispness, juiciness, and sweetness. However, its role is even more crucial in arid and semi-arid

tropical regions such as India, Pakistan, and Africa, where it supports local livelihoods through its serv-
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ing as a critical source of food, nutrition, and income for rural communities with its environmental resil-
ience, and low-input cultivation requirements. Recent data indicate that a global annual production of
green jujube exceeds 900 000 tons. Among the major producers, the cultivation area of China is 21 000
hectares with an annual yield about 200 000 tons, 90 000 hectares in India with annual yield approxi-
mately 700 000 tons, and 5425 hectares in Pakistan with an annual yield about 28 000 tons. Therefore,
in terms of economic, ecological, and social value, green jujube is vital species within the large family
Rhamnaceae, second only to the common jujube (Z. jujuba Mill.) in importance. Despite its consider-
able scale of cultivation worldwide, green jujube remains a “neglected and underutilized plant species”,
receiving limited attention from policies, research, and markets. Firstly, over the past decades, green ju-
jube has undergone significant transformation through genetic improvement and selective breeding ef-
forts by horticultural experts, and cultivated varieties have diverged markedly from their wild relatives.
Many characteristics of cultivated varieties have changed considerably, with notable variations includ-
ing larger leaf size, diminished stipular spines, larger fruit size and accelerated growth rate. By contrast,
germplasm from the Indian subcontinent, the center of origin, largely retains wild characteristics. The re-
view further highlights the diverse uses of green jujube, as fruit and food, and means of livelihood. In
particular, the cultivation of green jujube is vital for maintaining the normal life of local people living in
undeveloped regions of arid and semi-arid tropical, mitigating the impact of climate change and alleviat-
ing the food crisis. Fundamental research on green jujube, however, still needs to be strongly strength-
ened because the past studies focused mainly on fields such as photobiology, palynology, tissue culture,
cytogenetics, molecular marker technology, post-harvest physiology, omics research, ecology, biomedi-
cine and natural products. The green jujube has a long history of use in traditional medicine across Chi-
na, India, and Pakistan, and its fruit, seed, leaf, bark, and root all employed for therapeutic purposes. Re-
cent phytochemical studies through modern chemical analysis techniques to elucidate the bioactive com-
pounds of green jujube have been continuously emerging. Bioactive compounds such as polyphenols,
flavonoids, alkaloids, glycosides, tannins, and saponins, with demonstrated pharmacological activities
including antidiabetic, anti-inflammatory, and antibacterial properties, have been found in the various
parts of green jujube. Pharmacological studies on natural extracts from different parts of green jujube al-
so indicate that their functions such as antioxidant, anti-cancer, antidiabetic, wound healing, and immu-
nomodulation. As expected, green jujube can serve as a natural product for artificially synthesized
chemicals in medicine, petrochemicals, food, and environmental protection industry due to its many bio-
active compounds, meeting with the current concepts of environmental protection and sustainable devel-
opment, and therefore it has broad application potential in the industrial field. Furthermore, it is an ideal
tree species for local ecological agriculture and the conversion of farmland to forests. A landmark break-
through was achieved in 2024 when haplotype-resolved, telomere-to-telomere (T2T) genomes of green
jujube were successfully assembled. This remarkable advancement has greatly facilitated research en-
deavors in the field of molecular biology, opening new avenues for the exploration and utilization of
this valuable species. Therefore, there is an urgent need to carry out more systematic and in-depth explo-
ration to provide a solid scientific foundation and technical support for the healthy development of the
green jujube industry. However, the green jujube industry faces multiple challenges, including the lack
of systematic germplasm resource surveys, poorly defined variety systems, limited region-specific culti-
vars, extensive and non-standardized cultivation practices, and insufficient post-harvest infrastructure.
These lead to inconsistent fruit quality, high losses, short shelf life, and limited market reach. To sup-

port sustainable development of the green jujube industry, we propose the following integrated strategy:
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( ') Strengthen germplasm collection, evaluation, and breeding of high-quality and stress-resistant vari-

eties adapted to different ecological regions. ( II) Develop and extend standardized cultivation proto-

cols, including integrated water-fertilizer management, green pest control, and proper training systems.

(III) Improve post-harvest handling, cold chain facilities, and preservation technologies to reduce losses

and extend marketability. (IV) Promote deep processing and high-value product development, such as

functional foods, fruit wines, and nutritional extracts. ( V) Enhance basic research using multi- omics

and genomics to uncover molecular mechanisms underlying key agronomic and nutritional traits. (VI)

Boost international cooperation under South-South collaboration frameworks to share improved variet-

ies, cultivation techniques, and processing technologies.
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Fig.1 Schematic diagram of the geographical distribution of Ziziphus mauritiana
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Table 1 Trait characters of Ziziphus mauritiana between China and India

LYY PEIRE 1

Cultivar Trait characters

Umran 958 A I A T A AR, SP3BT B 40~80 g, BRI AP [E ) B R (TSS) G, JR DD M 19% , BRI 4 0.12%
FURRPT A 200~220 kg, B EA i AE IR I
The color changes from golden to brown when fruit is fully ripe, average fruit mass is 40-80 g, total soluble solids content is 19%,
acidity is 0.12%, and a yield of 200-220 kg per plant, late maturing, and good storage

Gola PRI RN 15.5 g, &3 th, 29, RIRLE, TSS 1 17%~19%, BRFE A 0.46%~0.51% » A= 14 80~100 kg, it (K73 » 724
The average fruit mass is 15.5 g, golden color, juicy, good flavor, TSS is 17%-19%, acidity is 0.46%-0.51%, the yield per plant is 80-
100 kg, powdery mildew resistant, and extremely early maturing

Kaithli PRI 180 g, TSS A 18%, FRFE N 0.5% , TP, Bk 58 100~150 kg, 42 32 C & &, MR LT
The average fruit mass is 180 g, TSS is 18%, acidity is 0.5%, the flesh is soft and sweet, the yield per plant is 100-150 kg, the con-
tent of vitamin C is high, and the flavor is good

Katha Phal PRI E N 10 g, 4GB B I ), TSS N 23%, BRIE N 0.77%, - 2%, Bk 58 80~100 kg, 31T FUFM » HiE 24
The average fruit mass is 10 g, green (partly yellowish-red), TSS is 23%, acidity is 0.77%, the yield is medium and is 80-100 kg,
powdery mildew resistant, late maturing

Kadaka U, HR= 5 70~75 kg
Drought-resistant, the yield per plant is 70-75 kg

Chihuahua  SRSZHNETE K TE , P AR & 16.8 g
The fruit is ovate or oblong, with an average single fruit mass of 16.8 g

e FIAKMRTE , 35 B RN 150 g, TSS N 15% , SR Ay Bk, Je g, J A 1 6, A BT 4 5 L, 0 i 201, Rkt , 2828

Cuimi FAR, LG BT ORI AL
The fruit is oblong, average fruit mass is 150 g, TSS is 15%, yellow-green color when ripe, thin skin, white flesh, crystal clear and
crisp flesh, sweet and juicy, good taste, long shelf life, early maturity, powdery mildew, spider mite resistant

EE RSGE BT, RICF, B RO B, SR &, RO, RWFLA G, FHBECE , Kb PR RS 1468 g,

Xuemi TSS N 12.7%, REHAFHRES, WAL 4D
The fruit is nearly round, the top is flat, yellow-green color when ripe, medium-thick peel, smooth and bright surface, milky white
flesh, dense texture, medium fruit, average fruit mass is 146.8 g, TSS is 12.7%, aroma of pear, less pulp fiber

S RSB RBEIE R AR ST, TSS 0 12%-14%  FH R B9 105 g, SIS, LRI b, RUCIH, TR

Mizao The fruit is oval or peach-shaped, peel is light green and shiny, TSS is 12%-14%, average fruit mass is 105 g, the flesh is fine, the
fruit set is good, the harvest period is long, and the shelf life is long

FAF RT3 B R TR N 115 g, TSS A 13%, 2R B BE Sk, G Sk, SRIAEL A&, B AT AN 3G, Tt

Waushi LT ERIR, ORI, FURE, bl BT B4R, BUED R, RO, I Ia VA, TR, i R b
The fruit is oblong, the average fruit mass is 115 g, TSS is 13%, smooth and bright green peel, smooth and colored surface, yellow-
green when ripe, milky-white flesh, small seed, sweet, juicy tender and crisp flesh, strong aroma, no sour and astringent, good taste,
high quality, powdery mildew resistant, long harvest time, good storage, no cracking, very rare dropping

AT RKRIETE TR RN 130 g, REANA R SO RIR A, A FUEUHEE  TSS N 10%~12%

Gaolang 2 The fruit is oblate, average fruit mass is 130 g, ribbed peel, green to light green, rough flesh, TSS is 10%-12%

=S SRR , AL, B 29T, TSS N 10%~12%, PRI B R =N 115 ¢

Gaolang 3 The fruit is oblong, full and smooth, sweet and juicy, TSS is 10%-12%, average fruit massis 115 g

TFH 20 BHER0 A AR, RSCTHIY HK T  ONE B R B R RS

Wugian Bred in the 1980s, the fruit is oval, large, juicy, crisp, good taste, high yield, thin skin, and yellow-green when ripe

Hritked RK, BRKINEE , P 0L 5 140 g, TSS A 14% , REPIZHEL I #T . 201  TCR vk

New age The fruit is large, oblong, average fruit mass is 140 g, TSS is 14%, tender flesh, sweet, juicy, no sourness

PN P HRTREN 150 g, TSS N 15%, SREAIE AT 1, AN, Hiskf

New world ~ Average fruit mass is 150 g, TSS is 15%, flesh is crispy, delicious, fine, good taste
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Table 2 The comparison of nutrient value between Ziziphus mauritiana and other common fruits

ok e S T wK7) figl  wOERRPD wUIEDD w5 wBRIEYD  wlHE F 3O
Proportion of Water content/ Energy/ Protein content/ Fat content/  Ash content/ ~ Carbohydrates Carotene content/

sort edible parts/%  (g-100g")  kJ (g-100gH (g-100g") (g-100g") content/(g-100g") (g-100 ug )

H & Green jujube 95 85.2~95.4 592 24~25 2.8~13.0 0.2~8.5 8.3~17.0 210

Jﬁguj(uii?;resh food) 87 67.4 548 1.1 0.3 0.7 30.5 240

SR Apple 76 85.9 240 0.2 0.2 0.2 13.5 20

%4 Pear 82 85.8 240 04 0.2 0.3 13.3 33

Bk Peach 86 86.4 226 09 0.1 0.4 12.2 20

%] Grapevine 86 88.7 191 05 0.2 0.3 10.3 50

Fit# Citrus 77 86.9 22207 0.2 0.3 11.9 890

¥ #% Banana 68 68.9 515 1.2 0.1 0.9 28.9 /

s W(.@ﬁﬂ#%) W.(*Zﬁ%) W.(Eﬁéf) wF?ﬁﬂﬁ%C) wE5) wBH w(Hf)

Sort Thiamin co_rlltent/ Riboflavin _clontent/ Niacin cont-clznt/ Vitamin C ?lontent/ Ca content/-l P content/ } K content/ ]
(mg-100 g ) (mg-100 g ) (mg-100 g ) (mg-100 g ) (mg-100g ) (mg-100g ) (mg-100g )

T & Green jujube  0.020~0.024 0.020~0.038 0.700~0.873 22.20~72.51 23.0~25.6 7.0~32.0 265

Jﬁguj(uiiéF)resh food) 0.06 0.09 0.9 243 22 23 375

SER Apple 0.06 0.02 0.2 4 4 12 119

%4 Pear 0.03 0.06 0.3 9 14 92

Bk Peach 0.01 0.03 0.7 7 6 20 166

%] Grapevine  0.04 0.02 0.2 25 5 13 104

Fit# Citrus 0.08 0.04 0.4 28 35 18 154

7 # Banana 0.02 0.02 0.6 / 6 18 330

Fk wED w(E w8 wEE) w( il w(Hil) wERD

Sort Na content/_ 1 Mg content_/l Fe content/ } Zn content/»] Se content{ | Cu content/_ ] Mn content_/l
(mg-100 g ) (mg-100g)  (mg-100g ) (mg-100g )  (pg-100g ) (mg-100 g ) (mg-100 g )

T & Green jujube 0.8~6.0 2.0~8.0 0.8~1.8 0.03 / 0.01 1.60

iiii?gresh food) 1.2 25 1.2 1.52 0.8 0.06 0.32

SR Apple 1.6 4 0.6 0.19 0.1 0.06 0.03

%4 Pear 2.1 8 0.5 0.46 1.1 0.62 0.07

Bk Peach 5.7 7 0.8 0.34 0.2 0.05 0.07

#ii %] Grapevine 1.3 8 0.4 0.18 0.2 0.09 0.06

Fit# Citrus 1.4 11 0.2 0.08 0.3 0.04 0.14

 #% Banana 1.3 29 0.3 0.16 0.8 0.10 0.78

VE  HA AR RE TR B4y B 2 36 B A4 0 (https://www.phsciencedata.cn/Share/) o

Note: The nutrient content of other fruits was retrieved from the Public Health Data Center (https://www.phsciencedata.cn/Share/).
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3 HAMW Tt

3.1 REHEF

FeAE W) % (photobiology) & 8§ MIESZ 14 815 =
5 Ot 5 HAWE S RE ORE R & 5 At 5B
A AR A F ORI S S HE Y BEAELEIRLE
SRS H LRGN E MM R A EEE L.

HART Y, B EERm T —
C3 MR, Y& L7 s, & B e AU W5
N AN [F] SR TEAS RIS 106 B 1 AR At
FTVELNAS BT, R IIOG A 1 H AR e 3 52« plg”
RS FLI B B E R KO B R T
AR A B A AR, R BUAS R R
S FLR /N o A B I S A B R S A A 25 RO, I
FEZFINTER R i PR oc 50O KA IR S %A
(U R | 338 K 73 BEDRD S5 52 o0,
3.2 mEfmEF

ARG B YEIE S FE RS Y
R PR, S S T R R B LR ST TE I SR AR
TR H SRR HIRRAT R SR N T30 %
By T AR R AR A R SRk AT
J& IR 258 B A LUIE B BT Fpo 2 N E R E A AR
Holo

TR 2 TS B TR R @R A8 E
Tl ¥ i 0, A )4 v T AR RS A S A
R, AT A SRR (0 KN RS F B R R B
RGN R R VA7 22 5, TR R R AE b
Tolt ) 7 A0 A S 55 2 o AERD B R 1) 0 B VR
30~32 °C . ¥ 8k T 8 2% 2F T 48 8 AT LR GER 20 d bA
e,
33 ELAEF

T A LSS FR M ST T R AR e T
PRI FRE Y B 7 T 85 IR B R U T R AR
DA P A 0 A K O B i A 2 1 PR R 2 A
JrIH FEHAS T — . WA R, d il iRk A
KR Ao RREARBEYEKFTRIMAS,
RIS R, R E T ERAR S S R
(0.5 mg L' ZEARALHR+0.1 mg- L3N %) M4k
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REEFREOSmg L' & FREH LR+ 0.1 mg L' &K
KFOM; Z B R KGR R - 2017 8 B T
(T, ARG TR T AR5 e 7 &
A H UK IE B A 31 °C, SRR )
24 h,pH=6.0"7,

EIRAIE TR RAMN N T A PR B HHE A 15 A% 2L
RAFEHE 1 BRI AR SCHF , 0y Hopth FAery SR A
A RRE TR TRt T A%, R, HES4
SR 77 STH LA A M ) — SR, T I o A AR DR K
R Ak P 5 ) 3, A DR 7T O3 P A5 ik i —
2T
34 YHREIRMRE

HAR M2 AR EY, HEEE . 5 A
J 2 B 9 A I G AR KRR O 12, BRIt R K IR
AR R W ARAE AR DU A5 A (2n=4x=48) 1",
LA A (2n=5x=60) ®'\ N i 4 (2n=6x=72) "V FI )\ &%
& (2n=8x=96) "5 Z P % 14 7K V- . Liang &5 Al
Guo ZFFCHENF XYL FE R &7 1w FE 1 245
Ak o S T IE FE M 26 SR A 2% 52 152 R (fluores-
cence in situ hybridization) M\ 7> ¥ Z I #i N T & &
S VAR

PRV Z RSB AR KA,
WA ALK A0 R B2 DL AR KNS AE
ANEE A B AR E RS AN, 2D
FEE RRGAU =) (44 R C AR & &=
Fhimn, Pt 7 F AR AR 25N i oMk R
A8 s [F I 38 58 75 BP0 ORI, A H
REMEETE T 2 MM R 26 P AR 185 T H R4
AN IE LR E M
3.5 SFFRIEHEAR

I3 FHRACEOR N A B 175 2 i A (1) 48
JE SR Z R R M) 534, JE Re A T R I EE & P (it
HER) 3 FKAS B, INIE & R AR, 328 5 APk
BT A S el R AR AL 2R L R R

HAl, £ 52 Ca IR SR H 2 PR 1) 55
ThRad, wiar B A3 A B FE 2 A M (ampli-
fied fragment length polymorphism, AFLP) . & ¥ 5
%] & & (simple sequence repeat, SSR) . fij H /5 %/1] []
# & (inter-simple sequence repeats, ISSR) B A4 1
% #1% DNA (randomly amplified polymorphic DNA ,
RAPD) . H #5246 % 19 - 48 1) 2 25 1% (start codon
targeted polymorphism, SCoT) I H. 4% ¥ IR £ & 4

(single nucleotide polymorphism, SNP) 51152 5 T
DX 3 RN 52 7 B RE  CL BT | D] Ay A R 7 B 45
R 7 R R IR, RGi A T AR G
RMZFEME. BT F — AN SR, &t X b [H (45
B3 ER T (39 473 B2 FE 4 1H (25 43 ) A 40 ) (8 £73)
117 4375 B R FIF & T 14435 40 0 % SSR (nucle-
us SSR, nSSR) F1 50 4™ Zx {4 SSR (chloroplast SSR,
cpSSR) 73 F-Aw itk » 7 A6 I 21 137 AN o7 K AT S
Pl 5 Y, AR T AR DNA RS . 45 R K
B, K 2 BP0 SR 2R 25 IR 5 b Bk — 8, HLBE
AR ZFEMERARD . o FRRIC B SR 7 %
YA H &R SES L R, B R T 5 Rk
B LR —P KRR,
3.6 REFHEF

TS A LR, B R R R IR 8 d B
KA AR . TFRBE S AT A
LRAE T J AR BE 05 B AR SRR 15 143 2K

T ACK 5 AR BRI AR R O KEF T, RSL
SR B B A0 I B4 B A T
FRON T P RN £ L e P AR e A AR ALY
AL CAF BB RN AT . 3R O AR B
A SRR ) b 2 (- FR R IR T 0 - PSR I
P2 LI B TR | SA A FH R R 55O R AE ) (T AE )
R 5] 52 SRR Vg 98 S R 1) PR D 5D 25 AN [
R 4 R A 7 2 I A 90 3R B 5 X e AR Gl ik
S B S AR B AR AR U AN PR R e A e AR
WA, A RUEK T R, kb TR G B 6
AR R AA EEE .
37 BEEF

Y 2RI AR 20 A A R SO VR R, X
TN REL S FEMAMER RS G BT
YER . H AT, 7 R 20T FEAR N b, B B A
TR AL A AT AL 1

& PN EAE )R P 2 S OB - S i e A e - PR
(11 2 25 St PRI, I L2 [RIVR 22 i R R DR 4, FL 7 )
i FEARARNCY s ACE DU LR RIE 2 A5 1A P S5 40
B A PR O PR AY. BARE
AU SRR e B R R 2 A fRIE™, (H LS 2024 4 10
H s et PR 7K L sithr Bt (1) 5 X 5 2% 3L R 4 A4 15
DASE R RE , 145 S DR 4 I - 1 AR R 7 o U
A FRAR S BT A R, SR OB B4 e S
A PPN R BT L, A2 H AT SRt FLMERR
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B PR R

RGN FABAR R, SE AR A
FHEL , 3R 8 T AL S S rp o N R 2R W) 6 A
RF R MR ACF S IR = AR R 2 PR
X2 TR SR R A R R i — B2
H 5 A RS AR 5L ) MY B % 5K (MYB13/
14/15/16) , LA K A7 1 4 A0 P 1) 84885 1 25 S 1A
(calmodulin-like) '™ % B 7T 387 B 5 B 254k & 4 i
IRRR AR s oA ok ] ) i 22 IR 4 B s A RAR i
HEEF AT 2 LWL, L B 5 A E A
PR B TE AL ) 0 i 52 470 4D L ATL 1) 55, 5 AR
RmFIEE TIERA EENE.

3.8 HEEF

AR, R R KL, I HL R i A i
5 T T T R, 38 M i S IR B AR SR
K R OR R O R ARSI P T2 SRR B
FNER S S5 O F L R AR 7R 2 F VT
TR A XIS R B, T AR b AR S RO AR
HEEMR I — N EAR R R, 7525 HABEYIR A
A SR SR B A B RS VA T SR NS A
R S A A e T TR B 7Y, R T AR
SWERMBRMRE SESLFES. i, ST
AR R ) PUIME J R T 4 AR S Ak A B Bz
FTHREVE [ 5% OO 5| 3k R A8 b T g /N AR 36 A
AR, DAL ity s i A0 2 A0
39 SYEZF

T AE N —FiE G bt , 75 A [ | R R e A 4
TS 1 X P 8 P g s A A, L TSI R L AR R A
RIJATNZ, R BRI E = LI
X T2 AL S8 b 258F , — IR O “ B R AT B
CHE, RS AP A TR, BA
BRI PUAE RS B R0 | 3 50 e 0 T A AR A
FHU . B E R R B AL SRR 2= 3R 0, R SR S B
TIHACRI G O L s b B S EA, /T TG
7 IEVE X O A R AR ] TR T T
2 LEAGFESE, B BUIRIERI R AR s R AT
FF1697 AR5 T IR VS AR S5 iR T FFA
TR Sk AR 3 iihid 22 2600,

I AR, T BARAG 52 20 BT B b 75 AR )
TR IV SR 2 . 6T R RS o
FIRG e AR A 2R AN ORI T B BURE R Bt
2 FNPLRH S 25 BT ML AE VIS Y, W2 Wy 2R

B AR B R T AR (R 3) . XWHEA
[F) 2 ZRFN 88 B Hh R SR B B 1) 2 BRI TR R B, L R
A PUEAS PO R PRI A 1R
IS D RE (R 4D, W S AU KA 4
WOHEREEMEAN B E AEEFAFEAEAD
25 B AN AR OO AR Bz B B B R AR
JE S TURE PR ORI 4 IR SR U Fh P &
TR EMEIEER , A PR AT B B PR PUER
P S AN IR SR DR, A P v R B
RS2 HEZR P AT AL 2 0 AT BOR AT AR R AR
FEA W DR & Y LA RN E , XTI R8T 254
fife AT i VR FHATL B A B B X, R AR )
I 22 A ELA ) R R FH R 5%
3.10 KA~

HEGH Z M BEAAEYEE R YR, oA
REE P R AT AL B T AR ARG 45 =
o N A A S i R SR B AR, FF 6 4T Sk 3R
PRATRESE A R B, 78 TV A 5 A 550K 1 S FH 7
1o BN, F RS B A R P 1,
AN R SR BT 770 B AR & B 8 A 710, B H
TR AR N MR AN LA IR TR
eI S B T RE R, T TR R B AR
PRV SSORI - m] A T i EE A R AR ——
TR W% I 71 (bioadhesive polymers)! ', £x
ZWH CAUESE, F AR M RS M A EE AT
M R IR 2 b, T HA R B , A8 E 2
iR 21 2 b= i AR =l R (GRS

4 FAPERET R RE

AT S LR ARE N AT, AR T 5w R A
ek iy S M A F N U RE R B ARG, X BT Ak IR
IR SR AR R B AT BRI . A
FE R FEAE DN — Rl AT 2 W K R4 K 9 i 2
N ARLE B RE L R AR AT SR PN S R T B HLX &
FEA RANTEE TR HE R AR T AT N (B D
FELESAR B 22 4 A 3T IR 5 T 4 i SR A 6
BT RIIXOK IR Z 78095 NHISER” . JT4FE
R TR AR 2 A AL A i Tolk
S5 AT SR JrE Tt RV 7 5 AR R ORAT B R A B R AR
Flo DRI, 75 AL A R 15 MR 2 4= BRTE T 9 B
RS LT E. 2R, HATE AR s
TR BINRA e 2 A AN, RAFEN 78 7> AL
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Table 3 Functional components and their biological activities from different part of Ziziphus mauritiana plant

FHRRABAL  ThRERSY A/ ES] AW EEPEN
Plant part Functional compound Compound class Biological activity Reference
s AR ZAE A URE PR, BUA8, SRS, Il e AT S [74]
Fruit Magnoflorine Alkaloid Antidiabetic, anti-inflammatory, immunomodulatory,
hypotensive and antifungal
2% PP g A PURE PRI Ul AT 25 [74]
Nortropanoline Alkaloid Antidiabetic, anti-cancer and antiviral
RAHIR IR =R 0 7 1 [75]
Zizyberenalic acid Pentacyclic triterpenoid ~ Cytotoxicity
-3 FHRL e R AT A4 PUEA PR AN TS 5E [76]
5-Hydroxymethylfurfural Furan derivative Antioxidant, anti-cancer and antiproliferation
D-Fif 4 R BRI B8 B G [77]
E-D-Allose Aldohexose Antioxidant, anti-inflammatory, anticancer, immunosuppressive
&N Ep Ll ENEER LA NG TN [74]
Naringenin Flavonoid Antioxidant, antitumor, antibacterial, anti-inflammatory
W3 -OMEIEIIRTE A BOMERR  FLRAL [78]
Quercetin 3 -O-glucoside Flavonoid Antidiabetic, antioxidant
T T PURAFI LR o 10 [79]
Rutin Flavonoid glycoside Antioxidant and cardiovascular protection
ETWR Hy AU [74]
Quinic acid Phenol Antioxidant, analgesia
RWAYSH 4 KHENR TR PUEAL HUB DU MLAE B2k i ok ias [74]
Hexadecanoic acid Long-chain fatty acid Antioxidant, antibacterial, anti-hypolipidemic, antinematode,
antiandrogens
iy R EUEN “H AR [80]
Seed Ceanothic acid Triterpenoid Cytotoxicity
FIMETE IR HH =i HUHIV FUHE HUER AU [80]
Betulinic acid Pentacyclic triterpenoid ~ Anti-HIV, antibacterial, antimalarial and anticancer
P EES o B R — M [79]
Rutin Flavonoid glycoside Phosphodiesterase inhibitor
- Ziziphin SR AR 0 75 [81]
Leaf Triterpenoid saponin Flavoring agent and sweetening-inhibitory agent
A HFH AR5 LB R R [79]
Hyperoside Flavonol glycoside Anticancer, anti-inflammatory, antibacterial, antiviral and
antidepressant
TEAE e U PR PUBE  BUREE TR [82]
Phytol Acyclic Diterpene Anticancer, anti-inflammatory, antibacterial, antiviral and
antidepressant
-4 K 7 T BUWE PRI ML [82]
y-sitosterol Steroid Antidiabetic and hypolipidemic
R F IR A P =i 2k BB AN R [83]
Root Zizimauritic acid A Nortriterpens Antibacterial and cytotoxicity
Mauritine L MR A P BT B AT i R [84]
Cyclopeptide Alkaloid Antimycobacterial and antimalarial parasites
KM EUES PUO R RT R A 5 [84]
Ceanothic acid Triterpenoid Antimycobacterial and antimalarial parasites

T I 25 Ak 22 ) AN Bk e o
4.1 [EIRESHkEL

H 20 {22 90 ST 4G , r [ Fviis st X i FpE
A, 204 30 BRI KSR IRE , L AR A
XA AR A A2 T T 2R S A, DD
BTRE. R, HAGZ MM AR, A EE
WA E e AP T ASESET 2R E 18 °C YA

b AR B AR ANMIC T 0 °C VR IR 15 d e
X IR (ARG IR 20 °C UL L, AR TE
I3 X AR A R, XK PR ) 1 7 A iE v
FEL A P bR . AT o T A T R X O
KRR B TR R R 5 I H O
HIX . BARFEILTTHLIX C A 8 KM 51 ik Ak H
SR FEAFREMBON , M TCE K T AR P o
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Table 4 Medicinal value of extracts from different parts of Ziziphus mauritiana plant
ey
HbRAE dE L S B30
Plant part Extract vogica Medicinal value Reference
activity
Ay KRG PR FEHCP) (800 mg - kgD VT ik 35 FEEALCRE PR /N B 1) LW /K ST A 5 B 2 SR RIZE TS [87]
Seed Aqueous Hypoglycemic R AT BRI AR, 1 b B A A R R
ethanolic The extract (800 mg - kg™') can significantly reduce the level of blood sugar, weight
extract loss, and mortality in diabetic mice, enhance glucose/insulin metabolism, and in-
crease the utilization of peripheral glucose
ZERGERY) b SR 9 100975 4 0 P 2 5 2 B SR D9 40 pg-mL, 7E 5 pg - [88]
Aqueous Anti-cancer mL"F1 80 pg-mL" 43 175 5 18.8% 1 61.2% 1) [ Mg 41 i At T
ethanolic The extract has the strong toxicity against leukemia cells, and its half-maximal in-
extract hibitory concentration was 40 pg mL", inducing the death of 18.8% and 61.2% leu-
kemia cell at 5 pg-mL" and 80 pg-mL", respectively
CEBEKSERY)  GeRl PRI S BT 77 2 (I Ik 2 0 0 R 00 L 0 2200 2L it E W A L™ [89)]
Aqueous EAETORE: A 2 IR B ARG T 56 4 L A A SO R S R Ry e S R
ether extract Immunostimula- ~ The extract induced the production of antibodies, promote the mitosis of lympho-
tion and cytes and splenic cells, and enhance the production of more lysosomal enzymes in
anti-allergy macrophages, which can completely prevent anaphylactic shock and local allergic
reactions in the human body
LRI iR FREA (200 mg- kgD 525 HENRIA /I B () AL ] [90]
Ethanol extract ~ Hypnosis The extract (200 mg - kg') significantly increased the sleeping time of anesthetized
mice
W ZEEM IR TRIF AT LR ZFEFE I (400 mg - kg DM ZBEF BV (300 me - kg D FEIRAT AR A 13 [91]
Leaf ZIRHRI) Liver e T R BRI S P RS IEL £ 3R B S AR A5 £ 9 b A KT 2 e
Ethanol and protection T 1y 5 O B PFF UE  B  slo > U e £ S RE RN A 17 25 V8
ethyl acetate and care Ethyl acetate extract (400 mg-kg') and ethanol extract (300 mg - kg") reduced the
extract levels of hepatic cell injury indicators, such as the activity of alanine aminotrans-
ferase, aspartate aminotransferase, alkaline phosphatase, and total content of biliru-
bin, alleviated the toxicity of acetaminophen to the rat liver, and reduced inflamma-
tion and fat vacuoles in the rat liver
IKIEEA Pk FEELA (200,400 B¢ 100 mg - kg™ FEAR R BUFFAE A28 T A6 U 3 S G B [92]
Aqueous Antioxidant PR R B G PEALE B 2 & S B SR AR KT, B 5 A SV 2 e Ik Ak
extract W I Tl AT SR A S A S5 T SR R 1
Extracts (200, 400, or 100 mg - kg'") reduced the levels of several indicators, such
as the activity of alanine aminotransferase, aspartate aminotransferase, alkaline
phosphatase, and total content of bilirubin in rat liver, while increasing the activity
of antioxidant enzymes, such as catalase, glutathione peroxidase, reductase, and su-
peroxide dismutase
FH S U A PRI (500 mg - kg 535 AR A AP RS Ao /IS BRSUVE R ik i, B 193]
Methanol Analgesic, R AR IR K BRI A I
extract antipyretic The extract (500 mg - kg'') significantly reduced the pain perception in animals,
such as alleviating acute limb edema in mice and lowering the elevated body tem-
perature in rats
B RS IREN R FEEU (400 mg - kg™ FAT 3B KA 115 (75.68% /1N BANHET) VU (68.63% /N [94]
Bark Methanol AR I TOIE S5 S0 ) AR IR (3 /AN i /0 Bl AL 7K T A1 44.27%) 15
extract Anti-diarrheal, The extract (400 mg - kg') has some strong effects, such as anti-diarrheal (75.68%
analgesic, and of mice did not defecate), analgesic (68.63% of mice had no pain response), and
hypoglycemic hypoglycemic (blood sugar level in mice decreased by 44.27% after 3 hours)
FEESEIY) AN G BRI e LR 50 e AR T 0 ) 2 B R BE 2390 28,291 [95]
Methanol Inhibit the 39.87F137.1 pg-mL"
extract proliferation of ~ The half-maximal inhibitory concentrations of the extract in the cells of lung
cancer cells cancer, breast cancer, prostate cancer, and uterine cancer were 28, 29, 39.87, and
37.1 ng-mL", respectively
=t G S HUAP 4 i 0 0 L PR35 P 3 A 14 J UK Y (i FUR O ML bk A S [96]
TR Immunostimul- 54
Trichlorome- ation The extract enhanced the activity of phagocytes, the degranulation of lysosomes,
thane extract and the proliferation of spleen cells and lymphocytes
FH AR ) LRI FEHLP) (400 mg - kg 3 PRARR A SR L & WA IR e A BB B BERAESE [97)
Methanol Liver JHARE S PE AT AR AR SRR (1 23 250
extract protection The extract (400 mg - kg'") significantly reduced the levels of liver- specific en-
and care zymes such as aspartate aminotransferase, alanine aminotransferase, and alkaline

phosphatase, and improved the tissue structure of the rat liver
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STt A LI BH
Plant part Extract 08 Medicinal value Reference
activity
AN LRI ELE ] FREHAD) 0 25 HUI ) < 0 T 2 TR AT A P L TR R 1 € R R T [98]
B Ethanol extract  Antibacterial The extract has significantly inhibited the activity of Staphylococcus aureus, Pseu-
Leaf and domonas aeruginosa, and Candida albicans
bark
Rk IKFEHA PRI T FEHUPI (250,500 mg- kgD 2 CCL A5 BN B0 0, A IR 4 [85]
Fruit Aqueous Liver protection Y% U Bl P i R 67 2 JIEL 0 S0 L ] A 55 Fi s PR 1K
extract and care Extracts (250, 500 mg - kg'') alleviate CCl-induced hepatocyte damage in rats,
leading to a decrease in levels of alanine aminotransferase, aspartate aminotransfer-
ase, alkaline phosphatase, total bilirubin, and cholesterol
T R R AR BT N LI 20 i /0N B 3 PR I 7 s 2 6 £ 2 B bk B2 23 3y 29 A [99]
IR Cytotoxicity 85 ug-mL"
Aqueous extr- The half-maximal inhibitory concentrations of the extract for human breast cancer
act of silver cells and mouse Ehrlich Ascites tumor cells were 29 and 85 pg-mL", respectively
nitrate solution
CEEKGEHY v e SRS -2 LN TF G | 29t I ARUTE NG oy G 1% U IR G AP AE SRR T, [100]
Aqueous Inhibit enzyme 35 PE7 I PRI 87.14%+86.89%+70.13%F147.01%
ethanolic activity The extract has inhibitory effects on o-galactosidase, acetylcholinesterase, o-amy-
extract lase, and tyrosinase, with activities reducing by 87.14%, 86.89%, 70.13%, and
47.01%, respectively
KA syl SR et £ K Iy (TGF-B1 A VEGF 58) K3k, JF HAM 2 R AU 1 [101]
Aqueous Healing wounds ~ (TNF-a f1IL-1B %) Rk, B &R m i D@ AR
extract The extract significantly increases the wound healing rate by promoting the expres-
sion of genes such as growth factors (TGF-B1 and VEGF1) and inhibiting the ex-
pression of pro-inflammatory cytokine genes (TNF-a and IL-1p)
i R ST FEHUP (25 pg- mL D 5 25 FRARIE VR SUK T, D HREEL IR 12.34% s L HEM AL [102]
Root FEHA Immunomodul-  J¥55.43 pg-mL"
Dichloromet- atory The extract (25 pg-mL") significantly reduced the level of reactive oxygen species

hane extract

to 12.34% of control; and the half-inhibitory concentration was 55.43 pg-mL"

HEF A RE R R, KIPBZ R
Gek (R R B A VAL LA R BRI 2
AT RFE B A 9 AT BRI, 5 B8P A i A
AR AL AV 2 SR AR . 2R X
RS SL A7 1 it A DX Sk s 11 o o 5 32 S5 3T
FAERCKE B YE, N2 B S| S8R5 W BGLHEA
B SEUT A R FEEEAR R BT PSS, AT 20 1
P AREA S LA HERRE . Bk, E A
b s AT 5% H ] 7L

Al FP AR R AME A, SR XA E 3 R, H AT
TR 2B BT R, 6k = RGVEAE S
GG R AETE 5 AN R A2 25 XA UL T A0 R b A 4
H) 5 RIS P B AR BRI A I » 1120 1 Wb b 71K
T RAE

A B B LR AR B0 7 DX AT
FIAE G B, KB BEANELE 0 R LR A B %
RE /1TSS, FBURSL MRS EATE, M BRENEZE,
T EE B b 28 T R i o

KJa MBS BE R kK . T ACR A R A
AL R LB, A BE ST AN , v BEIZ e 55 I B it

Bt =, S EURSC i UHGE 2522, AR R

DREEBCORIT A )5 » BRI . H AT, 75
DREEE 22 WAL G 753025, T L OR A 791 A T 2 S e
BORBLHAN L, RIEK G TEE SR E R BORAE,
PR T8 AR S T A

g5 LR, AL AL F S b
HEAL A P BOR A5 2R A DRI R S S AT 77 2 ]
AR -

42 BWUSMR

SIS T R
R FT B T RELLE TAE:

g o PR SR Rl L HERE X A
dhRRAR SR o N T R T AR R BRI R G IR
& WS R A AR BRI 515 2% N A A
WHFIR AL RLERL . 78 BLFEA B, SR A0 EE SR (i
SRS T HUIEE RS B IS4 A S VA A
B LN i A Tet il ik s VY A S R S R 2 I
BRI vt U B I LV 53t (03 it e 7 E A
[, 25 G ANF P X AR KA S T R R i dh
Fobt DA 8 5 45 BEAT =) 5 BT 2% DX AR A, 5K
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Table 5 Industrial use of natural products extracted from Ziziphus mauritiana
TERRERAL V7L i& FLAARE 5 EEBEN
Plant part Potential utilization Specific characteristics Reference
RSk LSRN/ INTE AR A IR 22 W2 5 A BRI R K v B A R DR (LB, R L g Z2HEFT L [109]
Fruit Production of Wl 4.96 g IR 245 i o R, B m) DU 45 7 R ARG =
natural gum The polysaccharide components extracted from the flesh of green jujube fruit possess characteristics such
as pseudoplasticity, high water retention, and strong oil adsorption capacity (1 g of dry mass of polysac-
charide can absorb 4.96 g of oil). Therefore, it can be used to produce natural gum products
PR B TE30 °C.pH=6, B2 R} 8 g &M ,20 g B AR AI P B IR FE N 63 g- L' LI [110]
Production of Under the conditions of temperature 30 °C, pH 6, and yeast 8 g, 20 g flesh can produce ethanol with a fi-
ethanol nal concentration of 63 g-L"
AP R OB N A 295 75 R R 75 A8 SR PR v 23 RO TRLS P MR A I R T B, T 1 A7 AR BR KU [111]
Production of AR R
fermented The strains of Saccharomyces cerevisiae and non-yeast isolated from the flesh of green jujube fruit fer-
beverages mented using traditional methods, which can be used to produce fermented beverages with special flavor
compounds
AR AT, O TVAVERIOK A S R A BT RS & B DL e s s T TR SREE [111]
Production of The produced flour has a small particle size, high content of soluble carbohydrates, proteins and pectin,
flour as well as high antioxidant activity, which can be used to make cakes
13 24 6 T I A B ) SRR 2 T T oK, B T8 TR 7K, 72 2808 38.56% » JL A AN T 9 B2 LE Carbopol  [112]
M ALRL 934 FIIF Pk HY R LT 4 32 (HPMC) BE4T, PR P AT 5 AN T 45 B A 280 M 280 B 55 4 AR 243 70 FO 1 286 )
Mucoadhesive A A T S TR 3G A 7 B 77 45
material The pectin extracted from the fruit flesh is easily dissolved in hot water and partially dissolved in cold
production water, its yield was 38.56% and exhibited better mucosal adhesion strength than Carbopol 934 and hy-
droxypropyl methylcellulose (HPMC). Therefore, it can be used as a substitute for artificially synthetic
mucosal adhesive polymers, serving as a viscosity-increasing agent in pharmaceutical production and as
a thickener and film-forming agent in petrochemical products
RIRPUAAT 55 NTA B ST AT B 100 DR 3 rh 70 75 AR SEAR R (600 mg - kgD, JLERILH B w9 [113]
Natural Az Pk, TR R AR R D (AL &4 I AR IL R S 45 K AR BE AR, b AR e
antioxidants PEFERULBIECR . DL, T AR SR Ay — s R 2 e R IRIU AL RIS T T S AR = o
Compared with artificially synthesized antioxidants, the addition of extract from green jujube fruit (600
ppm) to soybean oil resulted in higher thermal oxidative stability of the soybean oil, a decrease in the for-
mation of carbonyl compounds, peroxides, and conjugated compounds during frying, a reduction in the
degree of hydrolysis, and the maximum oxidation stability index. Therefore, the extract from green ju-
jube fruit can serve as an efficient and safe natural antioxidant for application in soybean oil production
AP £ T AL B R G B 2T 4, ST e 0 AR R C o i B S AR . G, T [114]
Production AR AR R ZH 43 P T S AR AR AR £
of weight The dietary fiber extracted from the peel of green jujube fruits has high antioxidant capacity, vitamin C
loss food content, total phenol content, and oil retention ability. Therefore, the dietary fiber component from green
jujubes can be used in various replacement foods in weight-loss
ARl FRRATH T HIEDET, FORLA4E R A BB S Y& R m . DL, E AR APFT T UUME  [115]
Production of — M R AE TR ORI H AR '
biscuit-type The fruit flesh can be used to make biscuits which contain high levels of dietary fiber, protein, and carbo-
food hydrates. Therefore, biscuits made by green jujube fruit flesh can serve as a daily meal replacement food
that meets the nutritional needs of the human
iy A IR T AT R G P BRI 0 DA S D (R T BE AT AR AE B E R IE T B 1 S S s [82]
Seed Production of 0il ~ The oil in the seed of green jujube is rich in monounsaturated fats and contains a small number of func-
tional components, such as vitamin E and stigmasterol which can decrease cholesterol
il R TG AT B 2 0 B AT R R R M s . BRI, 3% (B EARD M2 K5 1% Car- [116]
R AR bopol 934 FL A AH R RO R R B 5 BE o DRI, & ] 3 1) 46 243 o £ 1 iR 71
Production of The polysaccharide components extracted from the green jujube seeds show a considerable mucosal adhe-
mucoadhesive sion strength. Studies have found that a polysaccharide ratio of 3% weight/volume (w/v) has the same
material mucosal adhesion strength as 1% (w/V) Carbopol 934. Therefore, it can be used for the preparation of
oral formulations of pharmaceuticals
- AL 0.3% 75 AU I D9 A7 AT AR P A v o i B R IR 2, JEE EE 9 1.09 g mL, pH=9.8, i§  [117]
Leaf Production JUTER 75 509 25.50% » W S MR TR % B0 1.2462% , T VR BT 75 508 2.52% , YL TR R E 09 83.95%
of soap Using the extracts from green jujube leaf at 0.3% ration as a foaming agent can produce soap with high
antioxidant and good quality, with a density of 1.09 g mL"', pH of 9.8, fatty acid content of 25.50%, free
fatty acid content of 1.2462%, neutral fat content of 2.52%, and foam stability of 83.95%
KL AT AT B D9 A0 J o] 2% 1) 0 K A AL RURE T DAV B E I 9B e b, I oK IR R A4l , BERS T 2 [118)
Water Bs L B0 P T B R S, B A A
purification Nano-copper-nickel particles prepared from leaves as biomass can be adsorbed onto filtration equipment
for the biological purification of water, effectively preventing pathogenic E. coli and exhibiting antibacte-
rial effects
A B M 5 2 AR 2RI o1 48 DT 25 A A B 0 T P M B PR /K o 5 RO A 5 1 [119]
Biological New bioadsorbent prepared from the branches and leaves of green jujube can be used to adsorb toxic cad-

adsorption

mium ions in wastewater
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