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Article info Abstract:

Ziziphus talanai (Blanco) Merrill, locally known as the Balakat tree in the

) Philippines, is an endemic plant reported to have therapeutic properties
Received:13/9/2022 due to its flavonoid content. Specifically, neuroprotective activities against
Revised: 14/10/2022 oxidative stress in mice brains have been previously documented under this
plant. Therefore, this study investigated the antinecrotic potential of Z. talanai

Accepted: 30/12/2022 against MSG-induced cytoarchitectural alterations of the mice’s prefrontal
cortex. Twenty (20) male albino mice were distributed into four treatment
groups: TO (DW alone at 0.3 mL/20 g b.w.); T- (MSG alone at 180 mg/20 g
b.w.); T+ (L-Taurine at 0.2 mL/20 g b.w. and MSG at 180 mg/20 g b.w.); and
Keywords: T1 (Z. talanai at 0.3ml/20g b.w. and MSG at 180 mg/20 g b.w.). Results of

the histological assessment of the prefrontal cortex reveal normal histology
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g & T1 groups both maintained intact and well-stained nuclei that are comparable

with TO. Interestingly, cellular proliferation has been noted for the Z. talanai
group, which indicates possible neuronal differentiation. Overall, Z. talanai
extract has been observed to exert antinecrotic capacities in the mouse brain.

156|



Vol 9. No 1 January 2023

TAP CHI KHOA HQC PAI HOC TAN TRAO

http://tckh.daihoctantrao.edu.vn/

ISSN: 2354 - 1431

TIEM NANG CHONG HOAI TU CUA CHIET XUAT LA ETHANOL CUA ZIZIPHUS
TALANAI CHONG LAI SU THAY POI CAU TRUC TE BAO DO BQT NGOT
GAY RA TRONG NAO CUA CHUQT BACH TANG

Glen S. Nolasco, MSc."?, Lourdes Fatima S. David, MSc."?, Sarah Joy D. Dizon, MSc."?, Frienchie Ann B.
Yamauchi'**, Aaron Carl V. Tejano'? Marilyn S. Arcilla, MAN'?, Neil P. Rigdao'?, Graciella Ann Escoto,

'Khoa Churong trinh BS-Sinh hoc, Vién Nghé thudt va Khoa hoc

2Cao dang thanh phé Mabalacat, Thanh phé Mabalacat, Pampanga, Philippines

Dia chi email: frienchieyamauchi@gmail.com

DOI: 10.51453/2354-1431/2022/862

Théng tin bai viét

Toém tit

Ngay nhan bai: 13/9/2022
Ngay sira bai: 14/10/2022

Ngay duyét dang: 30/12/2022

Tir khéa:

Ziziphus talanai , Flavonoid,
Bét ngot, Chong hoai tir

Ziziphus talanai (Blanco) Merrill, duoc biét dén voi tén dia phuong 1a cay
Balakat & Philippines, la mot loai thuc vat dac hitu dugc bdo cdo la co dac
tinh chira bénh do ham lugng flavonoit cia né. Cu thé, cac hoat dong bao
vé than kinh chéng lai cang thing va oxy hoa & nio chudt da dugc ghi nhan
trude day dudi loai cdy nay. Do d6, nghién ctru nay da diéu tra tiém ning
chéng ung thu ciia Z. talanai chdng lai sy thay doi cu triic té bao do MSG
gdy ra & vo ndo trude tran cua chudt. Hai muoi (20) con chudt bach tang
duc duoc phan thanh bén nhom diéu tri: TO (riéng DW & muc 0,3 mL/20 g
bw); T- (chi riéng bt ngot & muc 180 mg/20 g bw); T+ (L-Taurine & murc
0,2 mL/20 g thé trong va MSG & mirc 180 mg/20 g thé trong); va T1 ( Z.
talanai & muc 0,3m1/20 g bw va MSG & mirc 180 mg/20 g bw). Két qua déanh
gid mo hoc clia vo ndo trude tran cho thdy mé hoc binh thuong ddi véi TO,
duoc danh ddu bé'mg mot nhan nguyén ven va cac té bao ndi bat, co td chuc.
Kién tric mé cho T- cho thdy sy giam té bao va hoai tir. Cac nhom T+ va
T1 déu duy tri nhan nguyén ven va dugc nhuom mau tét twong duong véi
TO. Thi vi 1a sy ting sinh té bao da dugc ghi nhan dbi véi nhom Z. talanai
, didu nay cho thay sy khac biét hoa té bao than kinh c6 thé xay ra. Nhin
chung, chiét xuat Z. talanai da dugc quan st thdy c6 kha ning chong hoai
tir trong ndo chudt.

1. Introduction

alkaloids,
polysaccharides, tannins, and saponins [3,4].

polyphenols, essential oils, flavonoids,

The use of nature as a potential resource for

drug development has become an increasing trend
in pharmaceuticals this twentieth century. Different
civilizations as early as 5,000 BC, have documented
the use of plants for medications [1,2]. The therapeutic
potentials of these plants are attributed to the various
bioactive compounds within them. These include

Ziziphus talanai (Blanco) Merrill, known for its local
name as Balakat Tree in Mabalacat City, Pampanga,
Philippines, is an endemic plant under Rhamnaceae
that is reported to possess various pharmacological
properties. Its phytochemicals including triterpenes,
anthraquinones, coumarins, steroids, essential oils,
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tannins, phenols, and flavonoids are known to exhibit
antioxidant capacities against different reactive oxygen
species (ROS) [5,6]. The antioxidative potential of
the Balakat tree is also documented to play roles in
reproprotection, hepatoprotection [7], cardioprotection
[8], nephroprotection [9,10], and neuroprotection
[11,12] in mice models.

No existing studies have been performed currently
on the investigation of the anti-necrotic potential of Z.
talanai on the ventromedial prefrontal cortex. Thus,
this study investigates its anti-necrotic potential against
MSG-induced oxidative stress in the male ICR mouse

brain.
2. Materials and Method

of the

involves the

2.1 Treatment Groups. Assessment

antinecrotic potential of Z. talanai
utilization of its crude ethanolic leaf extract against
oxidative stress induced by MSG. Table 1 describes the
four treatment groups along with their corresponding

agent and dosages.

Table 1: Treatment Groups

Treatment Groups

TO Male albino mice were treated
(Normal Control) : with distilled water alone;
Dosage: 0.3 mL/20 g b.w.

T- Male albino mice were treated
(Negative Control) : with MSG alone; Dosage:
180mg/20 g b.w.
T+ i Male albino mice were treated
(Positive Control)  with LTaurine (0.2 mL/20 g b.w.) -
-and MSG (180mg/20 gb.w.)
Tl - Male albino mice were treated

with ethanolic leaf extract of
. Z. talanai (0.3m1/20g b.w.) and
- MSG (180mg/20 g b.w.)

(Extract Control)

2.2 Plant material. Two (2) kilos of matured
leaves of Z. talanai were collected at Xevera, Tabun,
Mabalacat City, Pampanga and were authenticated at
the University of the Philippines, Diliman, Quezon
City, Philippines [7].

2.3 Animal models. This study used 20 male albino
mice to evaluate the anti-necrotic potential of Z. talanai
against MSG-induced cytoarchitectural alterations
in the brain. Animals were acclimatized for two (2)

weeks before the administration of chemicals and
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extracts. Animals were kept at the Biology laboratory
of Mabalacat City College and maintained in a normal
condition with 12/12 hours light/dark cycle at room
temperature. Hygienic conditions include maintenance
of proper ventilation with daily removal of accumulated
fecal and waste deposits along with changing of water
[11,13].

2.4 Preparation of Ethanol Leaf Extract. The
collected leaves were washed using tap water, air dried,
and kept at room temperature with proper ventilation
for seven (7) days without exposure to sunlight. The
dried leaves were then cut into pieces and homogenized
using an electric food blender. The powdered leaves
were measured using a digital weighing scale and
soaked using four (4) liters of 95% analytical grade
ethanol for seventy-two (72) hours at room temperature.
Whatman filtering paper number 2 was utilized to filter
and separate the solid materials from liquid portions of
the solution, followed by a steam bath to eliminate the
solvent [7,13,11,14,9]

2.5 Preparation of Monosodium glutamate.
Monosodium glutamate (150g) was utilized in this study
and purchased at SM hypermarket Dau, Mabalacat,
Pampanga. The MSG was diluted in distilled water
with the amount of 9000 mg/kg to 0.2ml1/20g mice b.w.
[15,16,17] to come with a dosage of 180mg/20g b.w.
This MSG solution was administered in mice via the

oral gavage technique [18,19] for seven (7) days.

2.6 Preparation of L-taurine. L-Taurine was
procured at Bambang Enterprise, Manila, and used to
make a stock solution. 1000g of L-taurine was diluted
in 20ml distilled water, which was then administered to
the mice models for seven (7) days at 0.2ml/20g b.w.
(20mg/20g b.w. dosage) [20,15].

2.7 Administration of Treatments. Male albino
mice were acclimatized and distributed into four
treatment groups. Each treatment group contains three
(3) replications. The administration of distilled water,
L-taurine, the leaf extract of Z. talanai, and MSG for
all treatment groups was done every 7 a.m. to noon
for 7 days before refilling food [7,21,18,15,20,11].
The weights of mice were assessed weekly using a
digital weighing scale, to have accurate dosages of the
treatment chemicals [7]. The administration route used
was oral gavage for all the animal groups. Specifically,
the male albino mice in TO were treated with distilled

water alone with a dosage of 0.3mL/20g b.w. The
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male albino mice of T- were treated with MSG alone,
following the dosage of 180mg/20g b.w. The male
albino mice of T+ were treated with 180mg/20g b.w.
MSG and L-taurine at 20mg/20g b.w. The male albino
mice of T1 were treated with 180mg/20g MSG and
180mg/20g b.w. leaf ethanolic extract of Z. talanai.

2.8 Cytoarchitectural Assessment. On the 8th day,
extraction of the prefrontal cortex was conducted at
the Biology laboratory of Mabalacat City College and
performed in accordance with the protocols [22,23,24].
The fixatives were purchased at Pudjed Enterprises,
Bambang St., Sta. Cruz, Manila. The specimens were
fixed using formalin at 10% concentration overnight to
prevent freezing artifacts and loss of cytoarchitecture of
the tissues [11, 25, 16]. The prepared slides were then
observed at the Mabalacat City College Laboratory
using a light microscope with magnifications of 100x,
400x, and 1000x. The specimens were then examined
for pathological findings of oxidative stress in mice’s
prefrontal lobes. The variations among the tissues of
different treatments were analyzed and compared using
the protocols used by the researchers [16,26, 27, 28,
29, 30].

2.9 Statistical Analysis. The comparison between

the groups was evaluated using One-Way Analysis

Variation (ANOVA) followed by Tukey’s Multiple
Comparison Test for Post Hoc Test to verify the
statistical significance among the groups. The level of
significance was set up at p <0.05 level. The software
pack used was Graph Pad Prism Version 6 [13,11,7].

3. Results and Discussion

Figure la showed the normal histology of the
water-alone group with an intact nucleus, prominent
cells, and no histological alterations. Also, organized
arrangements of cells were seen in this specimen.
These results are normal in the treated group under TO
(water alone) as reported in various studies involving
rats. Particularly, rats treated with distilled water didn’t
exhibit histological alterations in the cerebral part of
the brain [31,26]. As shown in figure 1b, reductions
in cells were observed with few stained nuclei. These
results were also observed in the research involving
rodents, wherein the MSG-treated group underwent
neural degeneration. Also, shrunken nuclei in the
cerebrum cells were observed in these experiments [27,
31]. These cytoarchitectural alterations occurred due to
MSG intoxication which is related to oxidative stress
[32,33].

a9

Figure 1: Histopathological observation in the ventromedial prefrontal cortex of mice using LPO. (4) Representative mice treated with water alone

showed the normal appearance of brain tissue with the prominent nucleus of the cells. (B) In mice treated with MSG alone, prominently, cells in this

treatment lost their structural integrity and almost all the nuclei of the cells were not visible/stained. (C) Representative mice treated with MSG +

L-taurine showed normal brain tissue and conspicuous nucleus. (D) Group treated with MSG + Z. talanai extract showed alleviation of the brain

tissue in terms of the gross features and cytoarchitecture parameters. Black arrow = blood vessels; Blue arrow = normal cells; orange arrow

= karyolitic cell; Green arrow = karryorhectic cell; Red arrow = pynotic cell; Star shape = artefacts. H&E; HPO magnification.
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In figure 1c, mice treated with the L-taurine group
had normal results with alleviated tissue samples. This
is due to the neuroprotective of L-taurine [34,35] It has
been reported previously that this antioxidant agent
has anti-apoptotic potential in mice and rats, leading to
undamaged cells in the L-taurine group [36]. Moreover,
L-taurine has antioxidant properties that neutralize the
oxidative damage of the MSG-treated group [37, 38].
On the other hand, mice treated with Z. talanai extract
have proliferated cells with intact and well-stained
nuclei. This result is almost the same in the study
conducted on Z. jujube a relative plant of Z. talanai
which has proliferative potential in cultured PC12 cells
[39,40]. In addition, it is speculated that flavonoids
present in Z. jujube possess biological activities that
promote neuronal differentiation. Interestingly, these
secondary metabolites are also present in Z. talanai,
thus providing the potential of the ethanol leaf extract

against cytoarchitectural aberrations such as necrosis.
4. Conclusion

The results of this study suggest the potential of Z.
talanai ethanol leaf extract as an agent to fight oxidative
stress brought about by MSG. Accordingly, the crude
extract has exhibited protection in the ventromedial
prefrontal cortex against neuronal necrosis. This is
attributed to the flavonoid constituents of Z. talanai.
Further studies are encouraged to be conducted to
elucidate the neuroprotective potential of Z. talanai

against MSG-induced toxicity in the mouse brain.
Acknowledgement

The researchers would like to acknowledge and
extend their gratitude to the Department of Natural
Sciences and Mathematics, and the Institute of Arts
and Sciences, Mabalacat City College, Mabalacat City,
Pampanga, Philippines for the support given for the

accomplishment of this study.

REFERENCES

[17 S.Y. Yin, N.S. Yang, & T.J., Lin (2017).
Phytochemicals approach for developing cancer
immunotherapeutics. Frontiers

8, 386.

in  Pharmacology,

[2] A. Dey & JN. De (2015).
therapeutics frombotanicals and phytochemicals against

Neuroprotective

Huntington’s disease and related neurodegenerative
disorders. Journal of Herbal Medicine, 5(1), 1-19.

160

[3] J. Xiao (2015). Phytochemicals in medicine
and food. Phytochemistry Reviews, 14(3),317-320.
doi:10.1007/s11101-015-9407-3

[4] B. Guldiken, G. Ozkan, G. Caatalkaya, F.D.
Ceylan, 1. Ekin Yalcinkaya, & E. Capanoglu (2018).
Phytochemicals of herbs and spices: Health versus
toxicological effects. Food and Chemical Toxicology,
119, 37-49. doi:10.1016/j.£ct.2018.05.050

[5] J.E. David (2018). Phytochemical Screening,
Comparative Cytotoxicity, and Teratogenic Potentials
of Aqueous and Ethanol Leaf Extract of Balakat Tree
(Ziziphus talanai (Blanco) Merr). Using Lethality
Assay, [ASTE Research Journal, 1:27. ISSN: 2799-
1776

[6] R. Aquino Jr. (2018). Antioxidant and
Antibacterial Potential of Ethanol Leaf Extract of
Balakat Tree (Ziziphus talanai (Blanco) Merr), IASTE

Research Journal, 1:27. ISSN: 2799-1776

[71 A.G. Reyes, R. A. Dela Peiia, Jr, L. F. L. Sula,
A. B. Bafiares (2016). Histoprotective Potentials
of Ethanol Leaf Extract of Balakat tree (Ziziphus
talanai (Blanco) Merr.) against Tetracycline-induced
Hepatotoxicity and Reprotoxicity in Male Mice (Mus
musculus L.). International Journal of Pharmacology
and Toxicology, 4(2): 96-104.

[8] F.A.B. Yamauchi (2019). Cardioprotective
Potential of Balakat Tree (Ziziphus talanai (Blanco)
Merrill) Against MSG-induced Pathological Cardiac
Hypertrophy in Male Albino Mice. Pamandulap, 1:19-
34. ISSN: 2672-3972

[9] O. Galang, F.L. Sula-David, & A. Reyes (2017).
Nephroprotective Potentials of Ethanol Leaf Extract of
Balakat Tree (Ziziphus talanai (Blanco) Merr.) Against
Gentamicin-Induced Nephrotoxicity in Male ICR Mice.
52nd BIOTA Annual National Convention & Scientific
Sessions. 10.13140/RG.2.2.23994.18884.

[10] PJ.T. Mendoza (2019). Hypouricemic and
Nephroprotective Potential of Ethanol Leaf Extract Tree
(Ziziphus talanai (Blanco) Merr). Against Potassium
Bromate-induced Nephrotoxicity in Male Albino Mice.
IASTE Research Journal, 1:33. ISSN: 2799-1776

[11TA.C.V. Tejano, L.F. I. Sula, A.G. Reyes (2017).
Amelioration of Behavioral Aberrations and Cerebellar
Histology by Ethanol Leaf Extract of Balakat Tree

(Ziziphus talanai) in Valporic acid Induced Autism.



Frienchie Ann B. Yamauchi et al/Vol 9. No 1_January 2023| p.156-162

[12] G.S. Nolasco (2018). Neuroprotective Potential
of Ethanol Leaf Extract Tree (Ziziphus talanai (Blanco)
Merr.)
Oxidative Stress in Male ICR Mice (Mus musculus L.),
IASTE Research Journal, 1:26. ISSN: 2799-1776

against Monosodium  Glutamate-Induced

[13] N. Pineda (2017). Hepatoprotective Potentials
of Ethanol Leaf Extract of Pandan-Mabango (Pandanus
odorifer (Forssk.) Kuntze) Against Tetracycline-
Induced Hepatotoxicity in ICR Male Mice (Mus
musculus L).Bachelor of Science in Biology. Institute of
Arts and Sciences, Mabalacat City College, Mabalacat
City, Pampanga

[14]S. Umukoro, G. O. Oluwole, H. E. Olamijowon,
A. I. Omogbiya and A. T. Eduviere (2015). Effect of
Monosodium Glutamate on Behavioral Phenotypes,
Biomarkers of Oxidative Stress in Brain Tissues and
Liver Enzymes in Mice. World Journal of Neuroscience,
5,339-349

[15] E. E. Oghenesuvwe, E. Nwoke and D. L.
Ajaghaku (2014). Guidelines on dosage calculation
and stock solution preparation in experimental animals’
studies. Journal of Natural Sciences Research, 4:100-
106

[16] Y. Zhang, Y. Lijian, M. Rundi, Z. Xiaoyu, Y.
Tingxi (2012). Comparison of the effects of perinatal
and neonatal administration of sodium ferulate on
repair following excitotoxic neuronal damages induced
by maternal oral administration of monosodium
glutamate at a late stage of pregnancy. World Journal
of Neuroscience, 2:159-165

[17] Y. Zhang, Z. Huang, Y. Lijiang and L. Zhang
(2012). Protective Effects of Tetramethylpyrazine on
Glutamate-Induced Neurotoxicity in Mice. Journal of
Behavioral and Brain Science, 2:326-332

[18] K. Nebendahl (2000). Routes of administration,
In The laboratory rat, Academic Press (pp. 463-483).

[19] P.V. Turner, T. Brabb, C. Pekow, & M.A.
Vasbinder (2011). Administration of substances to
laboratory animals: routes of administration and factors
to consider. Journal of the American Association for
Laboratory Animal Science, 50(5), 600-613.

[20] Y. Jae-Seong, J. T. Kim, J.Jeon, H. S. Park,
G. H. Kang, K. S. Park, H. K. Lee, S. Kim and Y. M.
Cho (2010). Changes in Hepatic Gene Expression

upon Oral Administration of Taurine-Conjugated

Ursodeoxycholic Acid in ob/ob Mice. Plus One, 5(11):
1-10\

[21] A.Y. Onaolapo, Onaolapo, O. J., Mosaku, T.
J., Akanji, O. O., & Abiodun, O. (2013). A histological
study of the hepatic and renal effects of subchronic low
dose oral monosodium glutamate in Swiss albino mice.
British Journal of Medicine & Medical Research, 3(2),
294-306.

[22] H. Hagihara, K. Toyama, N. Yamasaki, &
T. Miyakawa. (2009). Dissection of hippocampal
dentate gyrus from the adult mouse. JoVE (Journal of
Visualized Experiments), (33), e1543.

[23]R.A. Miiller, K. Pierce, J.A. Ambrose, G. Allen,
& E. Courchesne (2001). Atypical patterns of cerebral
motor activation in autism: a functional magnetic

resonance study. Biological psychiatry, 49(8), 665-676.

[24] C.L. Scudamore (2014). A Practical Guide to
the Histology of the Mouse. John Wiley & Sons.

[25] Diez-Fraile, A., Van Hecke, N., Guérin,
C. J,, & D’Herde, K. (2012). Optimizing multiple
immunostainings of neural tissue. Applications of

Immunocytochemistry, 345-442.

[26] V. Swamy, N. L. Patel, P. C. Gadad, B. C. Koti,
U. M. Patel, A. H. M. Thippeswamy AND D. V. Manjula
(2013). Neuroprotective Activity of Pongamia pinnata
in Monosodium Glutamate-induced Neurotoxicity in
Rats. Indian J Pharm Sci, 75(6):657-663

[27] M.A. Abass and M. R. A. El-Haleem2 (2011).
Induced
Neurotoxicity and Nephrotoxicity in Adult Male Albino
Rats. Journal of American Science, 7(8): 264-276

Evaluation of Monosodium Glutamate

[28] B.D. Shivasharan, P. Nagakannan, B. S.
Thippeswamy, V. P. Veerapur (2012). Protective
Effect of Calendula officinalis L. Flowers Against
Monosodium Glutamate Induced Oxidative Stress and
Excitotoxic Brain Damage in Rats. Ind J Clin Biochem,
28(3):292-298

[29] B. Weinstock-Guttman,
R. Benedict, M. Tamano-Blanco, S. Hussein, N.
Abdelrahman, J. Durfee, & M. Ramanathan (2007).
Preservation of gray matter volume in multiple sclerosis
patients with the Met allele of the rs6265 (Val66Met)
SNP of brain-derived neurotrophic factor. Human
molecular genetics, 16(22), pp.2659-2668.

R. Zivadinov,

161



Frienchie Ann B. Yamauchi et al/Vol 9. No 1_January 2023| p.156-162

[30]. S.R. Shanmuga, L. Gowtham, R. Ramdass,
R.D. Senthil, R. Srinivasan, C. Kumarappan, & S.
Suresh (2013). Neuroprotective potential of Ocimum
sanctum (Linn) leaf extract in monosodium glutamate-
induced excitotoxicity. African Journal of Pharmacy
and Pharmacology, 7(27), 1894-1906.

[31] S.A. Hussein, H.K. Ismail, & S.A. Abdel Aal
(2017). Effect of tramadol drug on some biochemical
and immunological parameters in albino male rats;
evaluation of possible reversal following its withdrawal.

Benha veterinary medical journal, 33(2), 418-429.

[32] M. Pekny & M. Pekna (2016). Reactive gliosis
in the pathogenesis of CNS diseases. Biochimica et
Biophysica Acta (BBA)-Molecular Basis of Disease,
1862(3), 483-491.

[33] M. Sidoryk(1Wegrzynowicz, E. Lee, N.
Mingwei, & M. Aschner (2011). Disruption of astrocytic
glutamine turnover by manganese is mediated by the
protein kinase C pathway. Glia, 59(11), 1732-1743.

[34] J. Menzie, H. Prentice, & J.Y. Wu (2013).

Neuroprotective mechanisms of taurine against

ischemic stroke. Brain sciences, 3(2), 877-907.
[35] F. Franscescon, T.E. Miiller., K.T. Bertoncello,
& D.B. Rosemberg (2020). Neuroprotective role of

taurine on MK-801-induced memory impairment

162|

and hyperlocomotion in zebrafish. Neurochemistry
International, 135, 104710.

[36] PF. Surai, K. Earle-Payne, & M.T. Kidd
(2021). Taurine as a Natural Antioxidant: From Direct
Antioxidant Effects to Protective Action in Various
Toxicological Models. Antioxidants, 10(12), 1876.

[37] C. Jong, A. Junichi and S. Stephen (2012).

Mechanism underlying the antioxidant activity

of taurine: prevention of mitochondrial oxidant

production. Amino Acids ,42:2223-2232

[38] H. Ripps, & W. Shen (2012). Taurine: a “very

essential” amino acid. Molecular vision, 18, 2673.

[39] J.P. Chen, Z. Li, M. Maiwulanjiang, T. T. X.
Dong, K.W. K. Tsi (2013). “Chemical and biological
assessment of Ziziphus jujube fruits from china:
different geographical sources and developmental

stages,” Journal of Agricultural and Food Chemistry,
61(30):7315-7324

[40]J. Chen, X. Liu, Z. Li, A. Qi, P. Yao, Z. Zhou,
T.T.X. Dong and K.W.K. Tsim (2017). A Review of
Dietary Ziziphus jujuba Fruit (Jujube): Developing
Health Food Supplements for Brain Protection.
Evidence-Based Complementary and Alternative

Medicine, 1-10



