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Abstract

The present investigation involved phytochemical screening of wild plum to evaluate its phytoconstituents. The fruits exhibited a total
phenolic content of 1.24 mg/100 g (as gallic acid equivalent) and a total flavonoid content of 79.27 mg/100 g (as quercetin equivalent). The
average fruit weight was 7.12 g, ranging from 6.55 to 7.83 g. the weights of the peel, pulp, pit and seed were 3.51g,1.31g,0.30gand0.92 g
respectively. The average fruit length was 23.26 mm, while pulp thickness and peel thickness measured 0.21 mm and 2.40 mm
respectively. Pit thickness was recorded at 0.51 mm. The equatorial, polar, apical and basal diameters of fruits were 20.72 mm, 21.52 mm,
16.83 mm and 17.92 mm respectively. The pulp color parameters included lightness (L*) value of 44.40, a* value of 22.93 and b* value of
36.91. The leaf area was calculated to be 8.99 cm?, with a length of 3.28 cm and a width of 3.36 cm, resulting in a leaf length-to-width ratio
of 0.97. Fruit extract concentration of 10, 30 and 50 pg showed free radical scavenging activities of 2.82 %, 4.08 % and 5.38 %. About 38
secondary metabolites were identified in methanolic extract of fruits, including phenols, alkaloids, glycosides, flavonoids, lignans,
terpenoids, naphthoquinones, saponins, hydrolyzable tannins and steroids. Hepato-protective and antiviral properties, as well as neuro-
protective properties, were demonstrated by the methyl ester 3,4-di-o-caffeoylquinic acid, iridoid glycosides like 6-o-trans-feruloylgenipin
gentiobioside, 10-(6-o-trans sinapoylglucopyranosyl) gardendiol, as well as a neo chlorogenic acid 3-caffeoyl quinic acid, respectively.
Understanding these bioactive benefits highlights the potential for commercial cultivation of wild plum, moving beyond traditional wild
collection to meet the requirements of the country.
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which demonstrated in vitro activity against gram positive
(Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus
and Streptococcus pyogenes) and gram negative (Escherichia
coli and Pseudomonas aeruginosa) bacteria (9). The extract
exhibited significant antibacterial properties, highlighting its
potential in clinical settings for combating bacterial infections.
Additionally, X. americana is believed to contain a variety of
bioactive substances with antiviral, antifungal, anticancer,
antiparasitic, antiallergic and antibacterial effects (1) and it has
also shown promising antioxidant activity (10). Investigating
the composition of these bioactive agents is therefore of

Introduction

Ximenia americana L. (Oleaceae) is known as tallow nut, sour
plum and wild plum. It has both medicinal and economic uses.
It is a small tree or semi-scandent shrub that usually grows to a
height of 2-7 m (1). It is considered as a wild edible plant with
diverse practical applications, including its use as food, a
source of essential oils, medicine and in various industrial
products (2). Its fruits and leaves have been extensively used in
folk medicine since historical period (3). In particular, the leaves
and twigs have been used in folk remedies to treat fever and

cold (4-6). It is used traditionally in the treatment of a range of
ailments, including digestive system infections, injuries and
sexually transmitted infections (7). It is also known for its use in
the preparation of poison antidotes, eye lotions and laxatives.
Furthermore, the roots have been reported for their efficacy in
treatment of puffiness, headaches, haemorrhoids, leprosy,
sleeping sickness and guinea worm attack (8).

A study that screened 67 crude ethanol extracts from
fifty plants (belonging to 31 families) traditionally used in North
Cote-d’Ivoire for bacterial infections, included X. americana,

considerable interest.

Regarding its utilization and cultivation, indigenous
communities in the Amrabad Tiger Reserve Forest, India,
possess extensive traditional knowledge concerning the use
and management of X. americana. However, overharvesting
and the conversion of marginal lands for agriculture currently
pose significant threats to the species, contributing to habitat
degradation and potential extinction. This wild plum is
distributed throughout the Amrabad Tiger Reserve and exhibits
wide genetic variability and a rich nutritional composition,
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which are essential for understanding the available germplasm
for conservation and sustainable utilisation of the species.
Accordingly, this study aimed to evaluate the physical
parameters total phenolic content, phytochemical profile,
flavonoid content, antioxidant activity and metabolite
composition of fruits and seeds of wild plums collected from
the Amrabad Tiger Reserve Forest in India.

Materials and Methods

The present research on wild plum (X. americana) was
conducted at the College of Horticulture, Mojerla, Sri Konda
Laxman Telangana Horticultural University, Wanaparthy,
Telangana, India, during 2024-25. Fruits and seeds were
collected from the region of the Amrabad Tiger Reserve Forest
of India.

Physical characteristics of fruits

The physical characteristics of X. americana fruits such as seed
pit, pulp, peel, seed, weight of fruit, length of fruit, pulp, peel
and skin thickness were measured using an electronic
weighing balance and Vernier calliper. Using a hunter lab
colour meter (Chroma Meter CR-410, Konica Minolta), fruit
chromacity was evaluated (11).

Extract preparation

The dried plant material (10 g) was placed in a beaker, followed
by the addition of 75 mL of 95 % ethanol. The mixture was kept
at 40 °C for ten min. This extraction process was performed
three times. The solvent was then evaporated using a rotary
evaporator and the resulting dried extract was used for
subsequent analysis (12).

Determination of total phenolic content

50mg of extract were dissolved in 5mL of methanol. After
sonication at 40 °C for 45 min, the solution mixture was
centrifuged for 10 min at 1000 xg. Then, the supernatant was
collected and 0.2 mL of this sample was added with 0.6 mL of
distilled water and 0.2 mL of Folin-Ciocalteus’ phenol reagent
(1:1). The mixture was incubated at ambient temperature for
five min. Subsequently, 1 mL of 8 % (w/v) sodium carbonate
solution was added, followed by addition of distilled water to
make volume up to 3 mL. Again, the mixture was incubated at
ambient condition in dark for 30 min. After centrifugation,
absorbance was measured using a UV-Vis spectrophotometry
at 765 nm. The total phenolic content was calculated utilizing a
standard gallic acid curve and expressed as gallic acid
equivalents (GAE) /g of dry plant material (13).

Determination of total flavonoids content

50mg of extract were dissolved in 5mL of methanol. After
sonication at 40 °C for 45 min, the solution was centrifuged for 10
min at 1000xg and the supernatant were collected. A stock
solution of quercetin was prepared by dissolving 5.0 mg of
quercetin in 1 mL of methanol. To 0.6 mL of either the diluted
extract or quercetin standard solution, 0.6 mL of 2 % (w/v)
aluminium chloride solution was added. The mixture was
incubated at ambient temperature for 60 min and absorbance
was measured at 420 nm using a UV-Vis spectrophotometry (13).

Determination of the antioxidant activity

The ferric reducing antioxidant power (FRAP) assay was
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performed (14). For the 1,1-diphenyl-2-picrylhydrazil (DPPH)
assay, 50 mL of sample were mixed with 2 mL of a 0.06 mmol/L
methanolic DPPH solution. The mixture was incubated at
ambient temperature in dark 60 min. Ascorbic acid was used as
a reference standard. UV-Vis spectrophotometry was used to
measure the absorbance at 517 nm.

Secondary metabolite screening by Liquid Chroma-
tography-Tandem Mass Spectrometry (LC-MS/MS)

For LC-MS/MS analysis, the sample was diluted tenfold in
methanol and filtered through a 0.22 um membrane filter. A 10
puL  volume of the filtered sample was injected.
Chromatographic separation was carried out at 25.0 + 0.1 °C
using a Shimadzu UHPLC system (Kyoto, Japan) fitted with a
Shim-pack XR-ODS column (75 x 3.0 mm, 2.2 um). The mobile
phase consisted of acetonitrile and 0.1 % formic acid in water,
filtered through cellulose nitrate membrane (47 mm diameter,
0.45 pum pore size; Sartorius, Goettingen, Germany). After
gradient separation, the column was equilibrated to the
original solvent composition for five min.

The flow rate was set at 0.5 mL/min. An LC-MS/MS
System (LCMS 8040; Triple Quadrupole Shimadzu Corporation,
Kyoto, Japan) was used. lonization was performed via
electrospray ionization (Positive / Negative). The ion spray
voltage was set at +4.5Kv and -3.5 kV. The CDL temperature was
set at 250 °C, block temperature at 400 ° C and detector voltage
at 1.3 kV. Nebulizer gas flow was maintained at 2 L/min and
drying gas flow at 15 L/min (15).

Gas Chromatography - Mass Spectrometry (GC-MS) analysis

Phytochemicals analysis of X. americana fruit was performed
using GC-MS (16). Column of Rtx-5MS (5 % diphenyl/95 %
dimethyl poly siloxane) (30 m in length x 0.25 mm in diameter x
0.25 um in thickness of film) was used. Analysis was performed
by using Scion 436-GC Bruker. Flow rate of carrier gas was set
as 1 mL per min. ATQ quadrupole mass spectrometer was used
as a detector. The volume of a sample injected was set as 1 L.
The following was the programming for the oven temperature:
Hold at 110 °C for 3.50 min, then raise to 200 °C without holding
at rate of 10° C per min. Temperature was then raised to 280 °C
at a rate of 5 °C per min. After that, sample was kept for 12 min.
A temperature of 280 °C was established for the injector. The
total running time of GC was 40-50 min. NIST Version-2011
served as the library for the MS software. A temperature of 290 °
C was selected for the inlet line. 250 °C was selected as the
source temperature. 70 eV was selected as the electron energy.
At 50-500 amu, the mass scan (m/z) was carried out. A solvent
delay of 0-3.5 min was used.

Results and Discussions
Compositional analysis

The physical parameters of fruits, seeds and leaves of X.
americana collected from the Amrabad Tiger Reserve Forest
region in India are shown in Table 1-3. The colour parameters
of fruit peel and pulp are depicted in Table 4. The fruits
exhibited a total phenolic content of 1.24 mg /100 g (expressed
as gallic acid equivalent) and a total flavonoid content of 79.27
mg /100 g (expressed as quercetin equivalent). These values
slightly differ from those reported for X. americana fruits

https://plantsciencetoday.online


https://plantsciencetoday.online

¥6€0°0 LvE0°0 0v98°0 98210 16510 81150 UBBW B3 4O 1013 PIEPUEIS
68€T°0- 8L120 29zTo- 1,96°0- SvELO- 5992°0- (uosiead) sisouny
£L0T0 898T0- ££€0°T 059€°0 0190 ELVT0 (uosIea) SSPUMBNS
LY6T0 ¥90T0 vZ61°0 SYTT0 £SO 12610 JUID14§200 uoeLeA
SVZT0 960T°0 weLe 1907°0 2€05°0 €128 (T-u) uoneInsp paepuels
55100 02100 05972 ¥S9T°0 2e5T0 g8€e's (1-u) @dueLieA
02090 2LL60 oTLYET 069€°€ 058T°€ 09668 ueayy
056570 9,860 005b°CT 0seTe 056T°€ 0028 uelpa
00570 80T 0085°8 006T°T 00L°T 0057°9 a8uey
0080 99LT'T 00L0°6T 0010} 00ET'Y ooLTe wnwixep
006€°0 859.°0 006°0T 0028 0099°C 002’ wnwiuIn
ey oney (w) 1939WLIad (wd) yapim (wd) yaSuaq (;wd) eauy
siaawedsed jeaq
“BIPU| U] 159104 9AI9S9Y 19511 Peqe.lwy ay) JO UoiSa. 3y} Woi) paIsanley ] DUDILIBLID °X JO SaAB3] Jo sia1aweled 1ea1sAyd T alqel
“1919welq jedidy QY {Yuio jedidy 'y Ls1awelq jeseq g'g ‘YD jeseq '9°g Ua1awelq jeupniiduoT Q] 91awelq Jejod ' d Y91awelq |esiaasuel] i'q°L s19welq jeolenbd g3
: : : : : : : : : : : : : L Ueswayijo
0v10°0 w00 09800 £SO 9T0T0  SS80°0 0000 €500  TTr0 19100 0610 868T0 ST T6TT0  oms propliess
£056°0- 78€L°0 87v6'T z€€8°0- 186T°0-  €SEYT- L1980~ $TLL0  00TLO-  €160°0-  8TLO-  GSES0-  9GT- siro (Goeeed
oTEY0- S0V0°T Tv0S°T 95T 0- 6vEE0-  9E0T0-  TITO-  LOTTT  6STTO-  TOE0T-  8SE0- 2900 LT0 EE0ED  (aoumocs
LLET0 60410 19610 60600 89800 890T0 89600 99600 €100 TwH00 9200  SLT00 200 PS00  Loneaen
EV70'0 99100 81120 56570 CrTE0  YOLTO  TZT00 ¥6YY0  bTOY0  60S00 0090 Z009°0 90 ooy (1p)uoneAoP
02000 65000 6£L0°0 erITo CE0T0  TEL00  S0000  LTZY0  6T9TO 92000 09€0  CO9E0 120 0,910  (1-u) @uewen
250€°0 09150 6vTET 0567 cIse  0s0vZ  OLTTO  €€8'9T  OC6LT  L€60T  €eSTC  Tel0T  9TEL 09TT'L uea
0LTE0 05150 525T°T 005 09€r'E  00T¥Z  0STTO  OL99T  O8LT  TSOTUT  0S9°T¢ 0900  YCEL  0S8T'L uelpa
OvET0 0020 0£00°T 0061°T 0T80T 0020 0000  00ZC  006CT  66ST'0 06T  00E0C orT 008T'T a8uey
0v9€°0 00690 0.86T 006t° 05S6'€  00SZ  00SCO  OZEe'T  OISST  66STT  00ETC  0CLTZ O0G'€C  Q0E§L  WnuiXep
0020 0020 0v86°0 0000'% 0z.8T 00807  008TO  0SO9T  OZCTLT  0000T  OT¥0C  069'6T  ¥LTC 00569 wnwiuiW
3 8) (ww)
(1) ssowpi3 sowpy  (3) Pod UMS  (ww) gy (ww)'qe (Ww) gl (ww)'q (Ww)aL (ww)ylu) (5)iySiem
(1d) ySiam WSiam 3
diesopug diesopuz 4 (dind)  yB1am)22d R I'o°g /a1 ‘a'd ‘a3 unig uniy
P (dind) died0saW 4 050500 (ww) ssauydIy) 1994

"eIpu| Ul 352404 9AI9SDY 4981 peqelwy oy jo uoiSal aU3} WOy PRISIAIRY ] DUDILISWD X JO SHNJY o sidlawedled |edisAyd *T alqeL

Plant Science Today, ISSN 2348-1900 (online)



SHANKARASWAMY & NAGARAJU

Table 3. Physical parameters of seeds of X. americana L. harvested from the region of the Amrabad Tiger Reserve Forest in India.

Seed parameters

Weight (g) E.D. (mm) P.D. (mm) B.D. (mm) A.D. (mm) Seed length (mm)
Minimum 0.8580 8.1800 12.0200 8.0200 7.3200 13.2600
Maximum 0.9840 9.7700 13.5600 8.9600 8.9300 14.8900
Range 0.1260 1.5900 1.5400 0.9400 1.6100 1.6300
Median 0.9295 9.2600 12.9400 8.4400 7.8600 14.0600
Mean 0.9200 9.1780 12.7300 8.4610 7.8900 14.0660
Variance (n-1) 0.0019 0.1983 0.2837 0.1263 0.1822 0.2836
Standard deviation (n-1) 0.0439 0.4453 0.5326 0.3554 0.4268 0.5326
Variation coefficient 0.0453 0.0460 0.0397 0.0398 0.0513 0.0359
Skewness (Pearson) -0.0787 -0.9738 -0.2009 0.2008 1.3339 -0.0293
Kurtosis (Pearson) -1.3981 0.6085 -1.1921 -1.3726 1.8229 -1.0740
Standard error of the mean 0.0139 0.1408 0.1684 0.1124 0.1350 0.1684

E.D.: Equatorial Diameter; P.D.: Polar Diameter; B.D.: Basal Diameter; A.D.: Apical Diameter

Table 4. Colour parameters of the peel and pulp of the fruits of X. americana L. harvested from the region of the Amrabad Tiger Reserve Forest

in India.
Peel colour Pulp colour
L* a* b* L* a* b*
Minimum 51.0900 17.4600 22.1600 32.6800 17.8000 28.5400
Maximum 56.9400 22.2600 34.8700 53.6400 31.8200 44.3800
Range 5.8500 4.8000 12.7100 20.9600 14.0200 15.8400
Median 55.0950 20.2500 29.1850 47.3600 21.7300 38.1150
Mean 54.6170 19.9580 28.7340 44.4080 22.9330 36.9190
Variance (n-1) 3.9428 2.9668 15.9383 57.4744 23.8067 29.8054
Standard deviation (n-1) 1.9856 1.7224 3.9923 7.5812 4.8792 5.4594
Variation coefficient 0.0345 0.0819 0.1318 0.1620 0.2018 0.1403
Skewness (Pearson) -0.5488 -0.1603 -0.3763 -0.5988 0.8977 -0.3919
Kurtosis (Pearson) -0.9138 -1.4493 -0.5760 -1.1079 -0.4996 -1.2187
Standard error of the mean 0.6279 0.5447 1.2625 2.3974 1.5429 1.7264

L*: Represents lightness, ranging from 0 (black) to 100 (white); a*: Represents the red-green axis, with positive values indicating red and negative
values indicating green; b* represents the yellow-blue axis, with positive values indicating yellow and negative values indicating blue.

harvested in other geographical location (17). Such variations
may be attributed to the variations in genetic factors of
different strains, level of maturity and cultivation conditions
(18). This revealed that the location in which the fruit is
cultivated play a key role in determining nutrient content of X.
americana fruits.

Physical characterization

The physical characterization of X. americana fruits and seeds
revealed significant biometric insights. The average fruit weight
was 7.12 g, ranging from 6.55 to 7.83 g, with a positively skewed
distribution (skewness: 0.30) and light-tailed distribution
(kurtosis: 0.77), which exceeds the values reported in earlier
studies (19, 20). The weights of the peel, pulp, pit and seed
weight were 3.51 g, 1.31 g,0.30 g and 0.92 g respectively. Except
for pit weight, which showed slight negative skewness (-0.078),
all others were positively skewed.

The average fruit length was 23.26 mm (skewness: 0.17).
Pulp and peel thicknesses were 479 mm and 240 mm
respectively while the skin was 0.21 mm thick. Pit thickness
averaged 0.51 mm (kurtosis: 0.73). The average diameters
measured were equatorial 20.72 mm, polar 21.52 mm, apical
16.83 mm and basal diameters 17.92 mm, all showing positively
skewed distribution.

Pulp color analysis indicated pulp lightness (L*) at 44.40,
a* (red-green axis) at 22.93 and b* (yellow-blue axis) at 36.91.
Peel color measurements followed similar trends, with slight
variations. These findings emphasize variability and unique
physical properties of X. americana fruits, contributing valuable
data for their characterization and potential applications.

The leaf parameters of X. americana revealed an
average area of 8.99 cm?, with a mean length of 3.28 cm and
width of 3.36 cm. The average perimeter was 13.47 cm,
showing a moderate range of values. The leaf length-to-width
ratio of 0.97 indicates an ovate leaf shape. There is slight
variability in these measurements across different samples,
suggesting some level of phenotypic variation within the
population. These parameters were consistent with the typical
leaf structure of the species, providing insights into its overall
morphology and adaptation.

Antioxidant activity

According to earlier reports, X. americana fruits from Caatinga
woods in the Brazilian county of Mossoro contain high levels of
phenolic compounds, flavonoids and antioxidant enzymes like
catalase, ascorbate peroxidase and superoxide dismutase (21).
As a result, fruit is regarded as a strong antioxidant source,
which is thought to play an essential role in health promotion
on grounds of close relationships between oxidative stress and
disease development (22-25).

The antioxidant properties of X. americana fruits
collected from region of Amrabad Tiger Reserve Forest in India
were studied. One stable free radical is DPPH which could be
estimated to evaluate fruit extracts’ ability to scavenge free
radicals (26). Results showed that quantity of flesh and seed
extract in both fruit components showed a substantial impact
on scavenging of free radicals. Stigmasterol and 4,4-
dimethylcyclohex2-en-1-ol might be the key compounds
involved in the antioxidant, anti-inflammatory and antidiabetic
activity of X. americana via inhibition of the enzymes involved
in oxidative stress, inflammation and diabetes (27).

https://plantsciencetoday.online
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Furthermore, consistent with the findings of previous
studies on fruits of X. americana harvested from other
countries, the fruits of X. americana harvested in the region of
the Amrabad Tiger Reserve Forest in India showed strong
antioxidant activity. DPPH assay illustrated that free radical
scavenging activity of X. americana varied with concentration
of fruit extract (Fig. 1). The scavenging activity was higher at
concentration of 30 pg/ml followed by 50 pg/ml. The
antioxidant activity of fruit extract was further confirmed by
using FRAP assay, which showed that it was 4.63 pM ferric
equivalent.

Phytochemical and secondary metabolite screening

Fruits of X. americana are known to contain a large
diversity of bioactive agents. Phenols, alkaloids, glycosides,
saponins, flavonoids and terpenoids were identified in fruits.
Methyl ester 3,4-di-o-caffeoylquinic acid, iridoid glycosides
like  6"-o-trans-feruloylgenipingentiobioside, 10-(6-o-trans
sinapoylglucopyranosyl) gardendiolaw well as a neo
chlorogenic acid 3-caffeoyl quinic acid contain hepato-
protective and anti-viral activities and neuro-protective
agent for Alzheimers’ disease, respectively (28).

The observation of the high complexity of chemical
composition of fruits of X. americana has been corroborated by
using GC MS/MS, in which various phytochemicals such as 5-
hydroxypipecolic acid, 3-o-methyl-d-glucose, 1-o-decyl-0-D-
mannofuranoside, 5-hydroxymethylfurfural and 1-hexadecyl-2,3
-dihydro-1H-indene were identified (Fig. 2).

About 38 secondary metabolites were identified in
methanolic extract of fruit (Fig. 3 & 4). Classes of secondary
metabolites that were present in the fruits of X. americana
include alkaloids, flavonoids, lignans, terpenes,
naphthoquinones, saponins, hydrolysable tannins and steroids
(2). Some phenolic compounds detected in methanolic extract
of fruit of X. americana include citric acid [m/z (negative mode):
190.95; [M-H]=:CsH-O7) and sinapic acid [m/z (negative mode):
224.9; [M-H]": C1:H110s). The presence of these compounds was
consistent with results reported (29, 30).

In addition, different enzymes like ascorbate
peroxidase, catalase and superoxide dismutase, vitamins and
secondary metabolites were recorded in the skin and pulp of
the fruit of X. americana. Owing to the relatively limited
literatures on its chemical compositions and the fact that
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Fig. 1. DPPH - free radical scavenging activity fruit extract of X. americana L. harvested from the region of the Amrabad Tiger Reserve Forest in
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Forest in India.

almost all previous publications were focussed on the
components from aqueous extract of fruit of X. americana,
further study is required to validate the comparatively
lipophilic components of extract. Based on these results, the
presence of different hydrophilic bioactive compounds in fruit
of X. americana were confirmed.

Conclusion

The fruits of X. americana harvested in India represents a
promising source of bioactive compounds with potential
applications in both food and healthcare sectors. These results
will provide insight into practical utility and feasibility of
cultivating this wild fruit crop in India. Owing to the fact that
increased use of these fruits could promote commercial
cultivation thereby reducing dependence on wild harvesting,
there is a compelling need to prioritise the domestication and
systematic cultivation of X. americana. Such efforts would not
only contribute to meeting the nutritional demands of the
country but also enhance opportunities for commercial
production and trade.

Acknowledgements

Authors wish to thank District Forest Conservator of
Government of Telangana and Sri Konda Laxman Telangana
Horticultural University, Telangana, India for providing all
facilities and guidance for this research work.

Authors' contributions

JS and VN carried out the treatment work and participated in
interpretation of results. JSperceived the experimental design,
carried out the experiment, participated in the interpretation of
data, edited, corrected and reviewed the manuscript. All
authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: None

https://plantsciencetoday.online



https://plantsciencetoday.online

References

L

10.

11.

12.

13.

14.

15.

16.

Kefelegn GA, Desta B. Ximenia americana: Economic importance,
medicinal value and current status in Ethiopia. Sci World J.
2021;1:8880021.

Aragao TP, Prazeres LDKTD, Brito SA, Neto PJR, Rolim LA, Almeida
JRGDS, et al. Contribution of secondary metabolites to the
gastroprotective effect of aqueous extract of Ximenia americana L.
(Olacaceae) stem bark in rats. Molecules. 2018;23(1):112. https://
doi.org/10.3390/molecules23010112

Mwangi JW, Malii P, Gathu L, Tanaka T, Nonaka G. Polyphenols of
Ximenia americana var. caffra. Fitoterapia, 1994;65(2):185.

De Menezes IRA, Da Costa RHS, Augusti Boligon A, Rolén M, Coronel
C, Vega C, et al. Ximenia americana L. enhances the antibiotic
activity and inhibit the development of kinetoplastid parasites.
Comp Immunol Microbiol Infect Dis. 2019;64:40-46. https://
doi.org/10.1016/j.cimid.2019.02.007

Freiberger CE, Vanderjagt DJ, Pastuszyn A, Glew RS, Mounkaila G,
Millson M, Glew RH. Nutrient content of the edible leaves of seven
wild plants from Niger. Plant Foods Hum Nutr.1998;53:57-69.
https://doi.org/10.1023/A:1008080508028

Le NHT, Malterud KE, Diallo D, Paulsen BS, Nergard CS,
Wangensteen H. Bioactive polyphenols in Ximenia americana and
the traditional use among Malian healers. J Ethnopharmacol.
2012;139(3):858-62. https://doi.org/10.1016/j.cimid.2019.02.007

Ngeiywa M, Rotich C, Makwali J, Wetungu M. Medicinal uses and
pharmacological activity of Ximenia americana L.- A systematic
review. Afr J Edu Sci Technol. 2024;8(1):179.

Teo SP. Root hemi-parasitism in Malayan Olacaceae. Gardens’
Bulletin Singapore,7-13. 1997.

Kone WM, Atindehou KK, Terreaux C, Hostettmann K, Traoré D,
Dosso M. Traditional medicine in North Céte-d’Ivoire: Screening of
50 medicinal plants for antibacterial activity. J Ethnopharmacol.
2004;93(1):43-49. https://doi.org/10.1016/j.jep.2004.03.006

Omer MEFA, Elnima EI. Antimicrobial activity of Ximenia americana.
Fitoterapia. 2003;74(1-2):122-26. https://doi.org/10.1016/S0367-
326X(02)00302-7

Nambi EV, Thangavel K, Shahir S, Geetha V. Evaluation of colour
behavior during ripening of Banganapalli mango using CIE-Lab and
RGB colour coordinates. J Appl Hortic. 2015;17(3):205-209.

Dirar Al, Alsaadi DH, Wada M, Mohamed MA, Watanabe T, Devkota
HP. Effects of extraction solvents on total phenolic and flavonoid
contents and biological activities of extracts from Sudanese
medicinal plants. South African Journal of Botany. 2019;120:261-
267. https://doi.org/10.1016/j.sajb.2018.07.003

Chandra S, Khan S, Avula B, Lata H,Yang MH, ElSohly MA, Khan IA.
Assessment of total phenolic and flavonoid content, antioxidant
properties and yield of aeroponically and conventionally grown
leafy vegetables and fruit crops: A comparative study. Evid Based
Complement Alternat Med. 2014;1:253875. https://
doi.org/10.1155/2014/253875

Benzie IFF, Strain JJ. Ferric reducing/antioxidant power assay: Direct
measure of total antioxidant activity of biological fluids and modified
version for simultaneous measurement of total antioxidant power
and ascorbic acid concentration. Methods Enzymol. 1999;299:15-27.
https://doi.org/10.1016/S0076-6879(99)99005-5

Hung-Ju C, Baskaran SI, Bing-Huei C. Determination of phenolic
acids and flavonoids in Taraxacum formosanum Kitam by Liquid
Chromatography-Tandem Mass Spectrometry coupled with a post-
column derivatization technique. Int J Mol Sci. 2012;13(1):260-85.
https://doi.org/10.3390/ijms13010260

Casuga FP, Castillo AL, Corpuz MJAT. GC-MS analysis of bioactive
compounds present in different extracts of an endemic plant
Broussonetia luzonica (Blanco) (Moraceae) leaves. Asian Pac J Trop

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Biomed. 2016;6(11):957-61.
j-apjtb.2016.08.015

https://doi.org/10.1016/

Bazezew AM, Emire SA, Sisay MT. Bioactive composition, free radical
scavenging and fatty acid profile of Ximenia americana grown in
Ethiopia. Heliyon. 2021;7(6):e07187. https://doi.org/10.1016/
j.heliyon.2021.e07187

Rego ERD, Cabral LGDS, Pessoa AMDS, Moreira Filho JE, Batista
FRDC, Rego MMD. Genetic variability of wild yellow plum (Ximenia
americana L) based on rapd markers. Revista Caatinga.
2024;38.e11873. https://doi.org/10.1590/1983-21252025v3811873rc

Mora VHF, Franco-Mora O, Lopez-Sandoval JA, de Jesus Perez-
Lopez D, Balbuena-Melgarejo A. Characterization of wild plum
(Ximenia americana L. var. americana; Olacaceae) fruit growing at
Tepexi de Rodriguez, Puebla, Mexico. Genet Resour Crop Evol.
2009;56(5):719-27. https://doi.org/10.1007/s10722-009-9422-6

Sarmento JDA, De Morais PLD, De Souza FI, De Miranda MRA.
Physical-chemical characteristics and antioxidant potential of seed
and pulp of Ximenia americana L. from the semiarid region of Brazil.
Afr J Biotechnol. 2015;14(20):1743-52. https://doi.org/10.5897/
AJB2015.14452

Almeida MLB, De Souza FWE, De Morais PLD, Sarmento JDA, Alves
RE. Bioactive compounds and antioxidant potential fruit of Ximenia
americana L. Food Chem. 2016; 192:1078-82. https://
doi.org/10.1016/j.foodchem.2015.07.129

Feng J, Zheng Y, Guo M, Ares |, Martinez M, Lopez-Torres B, et al.
Oxidative stress, the blood-brain barrier and neurodegenerative
diseases: The critical beneficial role of dietary antioxidants. Acta
Pharm Sin B. 2023:13(10):3988-4024. https://doi.org/10.1016/
j.apsb.2023.07.010

Stavely R, Ott LC, Sahakian L, Rashidi N, Sakkal S, Nurgali K.
Oxidative stress and neural dysfunction in gastrointestinal diseases:
Can stem cells offer a solution? Stem Cells Transl Med. 2023;12
(12):801-10. https://doi.org/10.1093/stcltm/szad063

Wang K, Zhang H, Yuan L, Li X, Cai Y. Potential implications of
hyperoside on oxidative stress-induced human diseases: A
comprehensive review. J Inflamm Res. 2023;16:4503-26. https://
doi.org/10.2147/JIR.5418222

Zhang X, Zheng Y, Wang Z, Gan J, Yu B, Lu B, Jiang X. Melatonin as a
therapeutic agent for alleviating endothelial dysfunction in
cardiovascular diseases: Emphasis on oxidative stress. Biomed
Pharmacother. 2023;167:115475. https://doi.org/10.1016/
j-biopha.2023.115475

Silva KDRR, Sirasa MSF. Antioxidant properties of selected fruit
cultivars grown in Sri Lanka. Food Chem. 2018;238:203-208. https://
doi.org/10.1016/j.foodchem.2016.08.102

Dahiru MM, Alfa MB, Abubakar MA, Abdulllahi AP. Assessment of in
silico antioxidant, anti-inflammatory and antidiabetic activites of
Ximenia americana L. Olacaceae. AMPDR. 2024;4(1):1-13. http://
dx.doi.org/10.21622/AMPDR.2024.04.1.735

Bayer H, Noreen Ey, Wattenberg A, Voss C, Berger MR. Purification
and characterization of riproximin from Ximenia americana fruit
kernels. Protein  Expr  Purif. 2012;82(1):97-105. https://
doi.org/10.1016/j.pep.2011.11.018

Goosen NJ, Oosthuizen D, Stander MA, Dabai Al, Pedavoah MM,
Usman GO. Phenolics, organic acids and minerals in the fruit juice of
the indigenous African sourplum (Ximenia caffra, Olacaceae). S Afr J
Bot. 2018;119:11-16. https://doi.org/10.1016/j.5ajb.2018.08.008

Sanchez-Gutierrez JA, Vazquez-Sanchez M, Alvarez-Bernal D, Mares-
Quinones MD, Valiente-Banuet JI, Medina-Medrano JR, Villar-Luna E.
Determination of phenolic compounds and the antioxidant capacity
of Ximenia parviflora Benth. var. parviflora (Olacaceae) fruit by high-
performance liquid chromatography with diode array detection. Anal
Lett. 2018;51(13):1986-98. https://
doi.org/10.1080/00032719.2017.1404094

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.3390/molecules23010112
https://doi.org/10.3390/molecules23010112
https://doi.org/10.1016/j.cimid.2019.02.007
https://doi.org/10.1016/j.cimid.2019.02.007
https://doi.org/10.1016/j.cimid.2019.02.007
https://doi.org/10.1016/j.jep.2004.03.006
https://doi.org/10.1016/S0367-326X(02)00302-7
https://doi.org/10.1016/S0367-326X(02)00302-7
https://doi.org/10.1016/j.sajb.2018.07.003
https://doi.org/10.1155/2014/253875
https://doi.org/10.1155/2014/253875
https://doi.org/10.1016/S0076-6879(99)99005-5
https://doi.org/10.3390/ijms13010260
https://doi.org/10.1016/j.apjtb.2016.08.015
https://doi.org/10.1016/j.apjtb.2016.08.015
https://doi.org/10.1016/j.heliyon.2021.e07187
https://doi.org/10.1016/j.heliyon.2021.e07187
https://doi.org/10.5897/AJB2015.14452
https://doi.org/10.5897/AJB2015.14452
https://doi.org/10.1016/j.foodchem.2015.07.129
https://doi.org/10.1016/j.foodchem.2015.07.129
https://doi.org/10.1016/j.apsb.2023.07.010
https://doi.org/10.1016/j.apsb.2023.07.010
https://doi.org/10.1093/stcltm/szad063
https://doi.org/10.1016/j.biopha.2023.115475
https://doi.org/10.1016/j.biopha.2023.115475
https://doi.org/10.1016/j.foodchem.2016.08.102
https://doi.org/10.1016/j.foodchem.2016.08.102
https://doi.org/10.1016/j.pep.2011.11.018
https://doi.org/10.1016/j.pep.2011.11.018
https://doi.org/10.1016/j.sajb.2018.08.008
https://doi.org/10.1080/00032719.2017.1404094
https://doi.org/10.1080/00032719.2017.1404094

SHANKARASWAMY & NAGARAJU

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

