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ARTICLE INFO ABSTRACT

Keywords: Carissa carandas (C. carandas), an Apocynaceae family member, fruit bearing crop is locally known as karonda in
Karonda Asia, grown wild has gained attention owing to impressive nutritional composition and health benefits. A
C. carandas

100-200 g serving size of C. carandas meets 100 % recommended dietary allowance (RDA) of iron, zinc, man-
ganese, copper, chromium, and vitamin C in all age groups, making it a promising candidate for addressing
nutrient deficiencies across all age groups. Other than that it also contains significant amount of carbohydrates
Value addition (61-67 %) sugars (4.7-13 % mainly reducing), fats (4.5-19 % mainly PUFAg), and protein (1.6-3.2 %) despite
Functional products remaining underutilized. C. carandas extracts reported to have antioxidant, anti-inflammatory, antimicrobial,
RDA and anti-tyrosinase potential comparable to the commercially available synthetic drugs. Therefore, this review
aims to consolidate current knowledge on the nutritional profile and bioactive components of C. carandas, and to
explore its importance in food technology sector. The study provides novel insights about the potential of
C. carandas to address micronutrient deficiencies, boost local economies, and provide income for farmers. It also
highlights its potential for sustainable agriculture, functional food development, and innovative products due to
its antioxidant, antimicrobial, and anti-inflammatory properties.

Neglected fruit
Micronutrient deficiency
Secondary metabolites

1. Introduction

Carissa carandas (C. carandas) belongs to the Apocynaceae family
and is an evergreen shrub that remained an underprivileged plant with
significant economic, commercial, clinical, and nutritional potential [1].
It is also known as Crane berry” (English), Karonda (Devanagari), Kar-
onda (Hindi), Karamcha (Bengali), and Ci-Huang-Guo (Chinese). It is
found to be widely distributed in tropical and subtropical regions of
Pakistan, India, Sri Lanka, Myanmar, Bangladesh, and Nepal [2]. This
plant has rhombus and conical leaves, white-colored flowers, and clus-
ters (3-10) containing berry-like fruits [3]. The unripe fruit is pinkish
white, which turns red to dark purplish when completely ripened. Fresh
juice from ripened fruits is rich in vitamin C and iron so combats scurvy
and iron deficiency [4]. The berry-sized fruits look attractive and are
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usually an additive of condiments in pickles and spices in India.
C. carandas fruit contains an appreciable number of macro- and micro-
nutrients, organic acids, and pectin making this an ideal candidate in
developing beverages, jams, jellies, and curries [5].

Traditionally, it is reported to cure upset stomach, neurological im-
pairments, cardiotonic, anthelmintic, and anti-hypertensive [6,7]. Fruits
of C. carandas known to have potential to treat piles, appetite loss, and
calming nervous disorder (as a nervine), edema, colic, splenomegaly,
hepatomegaly, amenorrhea, CVDs, brain anorexia in humans, and in
treating fever [8-10]. It is used to treat epilepsy, diarrhea, dog bites,
myopathic spasms, cough and colds, leprosy, itches, inflammation,
malaria, and skin infections [4,5,9,11]. It is also known to restore female
libido, fight microbial infections, and intestinal worms, recover liver
functioning, and counter blood putrefaction and rheumatoid arthritis [4,
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11]. Likewise, its leaves are reported to cure diarrhea, fever, ear, Table 1
syphilitic ache, and snake poisoning [8,9]. The root portion improves Nutritional profile of C. carandas fruit.
digestion, cures scabies, intestinal worms, stomach disorders, diabetes, Nutrient Amount d.w. Amount f.w. Reference

pruritis, and ulcers, and controls hypertension [10].

s . . Primary metabolites
C. carandas an underutilized and neglected berry fruit contains an y

Carbohydrates 67 % - 5]
appreciable number of micro- (zinc, copper, manganese) and macro- Carbohydrates - 35 % [17]
(carbohydrates, protein, fat, fiber) nutrients [5]. In depth nutritional Carbohydrates 61 % 16 % [18]
compositional analysis revealed that taking 100-200 g C. carandas fruit Carbohydrates - 13 % [19]
can meet 100 % recommended daily allowance of iron, zinc, copper. Carbohydrates N 28% (171
° X ) y ’ » COPPET, Carbohydrates 19 mg/100 g - [20]
manganese, and vitamin C for all age groups. On the other hand, Protein 2% _ [51
mentioned micronutrients i.e., iron and zinc deficiency is a major Protein 568 - [4]
problem for public health throughout Asia. Nearly half of pregnant Protein 2.07 % - [18]
women and 40 % of preschoolers in Southeast Asia suffer from iron Protein - 358 (41
fici Iti ia and zinc deficiency affects over 30 % of th protein i 2% e
deficiency resulting anemia and zinc deficiency affects over o of the Protein B 1.68 % fel
population in South and Southeast Asia [12-15]. Despite 5538 food Fat 10 % _ [5]
crops estimated worldwide, only 12 plants and 5 animal species produce Fat 4.47 % - [18]
75 % of the world’s food and 3 plant species provide more than 50 % of Eat 19 °$ - [4];7]
its food-energy needs. Continued crop variety loss in agricultural pro- FZE Z's ’ 19 40 Elgs]
duction systems makes global food systems insecure. Smallholder sys- Fat _ 6.62 % 141
tems, which preserve locally adapted, climate-resilient varieties and Fat - 2.5% [171
breeds, are more vulnerable to shocks [16], compromising their role in F@ber 1.81 % - [5]
feeding the globe sustainably. Bringing crop diversity in agricultural Efger ngf’ - Hg
. . . o1 1ber B -
production by introducing neglected and underutilized crops can Fiber 1.31 Z/D B (41
improve global food systems, more options for farming communities for Fiber 15 % _ [20]
addressing the evolving needs of households and markets, and ulti- Fiber - 1.4 % [18]
mately a decline can be observed in nutrient deficiencies [16]. More- Fiber - 0.6 % [4]
s L. . Fiber - 1.01 % [17]
over, C. carandas traditional medicinal claims are well supported by Ash 0.78 % B 5]
pharmacological evidences as discussed in detail in section 3 wherein its Ash 4.9 % _ 071
various extracts including methanol, ethanol, and water outlined bio- Ash 0.53 % - [4]
logical potential comparable to the synthetic drugs. Therefore, present Ash 212% - [18]
review aimed to raise awareness to increase C. carandas consumption Ash - 0.51% 14
dd d te dietary diversity by incorporating this neglected Ash - 132 % [l
and demand, promote dietary diversity by D g g Ash B 1.8 % 07
species into diets, which can contribute to overall nutritional well-being Total sugars 11.58 % _ [5]
and food security. The current analysis gives novel insights into Total sugars 9.0 % - [18]
C. carandas for addressing micronutrient deficiencies, which are a major Total sugars 8.05 % - [17]
. o . . Total sugars 2.2% - [4]
public health problem in impoverished nations. The assessment also Total sugars 13 9 18]
- 0
noted how C. carandas may be a beneficial crop for sustainable agri- Total sugars - 1.7 % 141
culture, boosting local economies and providing a source of income for Total sugars - 4.9% [17]
farmers, thereby driving further research and investment in its pro- Minerals
duction and commercialization. This study provides novel insights to Calcium 160 mg/100 g - Bl
.1s . . . Calcium 261 mg/kg - [4]
utilize this neglected berry in the development of functional foods, ;
; ) - . . Calcium 2.6 mg/kg - [17]
natural preservatives, and innovative food products owing to its great Calcium _ 16mg/100 g 131
antioxidant, antimicrobial, anti-tyrosinase and anti-inflammatory Calcium - 11 mg/g [1]
properties and potential for sustainable harvesting. Calcium - 24 mg/kg [17]
Iron 3.14 mg/kg - [17]
. . . Iron 39mg/100 g - [5]
2. Nutritional composition and phytochemical contents Iron 150 mg/kg _ 141
Iron - 42 mg/kg [17]
C. carandas fruit contains an appreciable amount of carbohydrates, Iron - 6.24 mg/100 g [31
. . . . X Phosphorus 1095 mg/kg - [4]
fat, minerals, and vitamin C but moderate source of protein and fiber
K X Phosphorus - 2845 mg/g [1]
contents (Table 1). Carbohydrates, fat, protein, fiber, ash and total Phosphorus _ 24 mg/100 g 3]
sugars on fresh and dry weight basis (f.w. and d.w.) were found to be 61 Sodium 777 mg/kg - [4]
%-67 % f.w. and 16 %-28 % d.w., 4.5 %-19 % f.w. and 2.5 %-6.6 % d. Sodium - 827 mg/g [11
W., 2 %-6.5 % d.w.1.6 %-3.2 % f.w.1.3 %-15 % d.w. and 0.6 %-1.4 %, xag“e?“m 1057 me/ke 260 [i]
0.5%4.5% d.w. and 0.5 %-1.8 % f.w., 8 %-9 % d.w., and 4.7 %-13 % f. Mlagnesium - me/ [
X R A otassium 5863 mg/kg [4]
w. respectively. Vitamin C contents were between 6.9 mg/100 g to 72 Potassium _ 2662 mg/g 1]
mg/100 g on a fresh weight basis. Moreover, a notable amount of macro- Potassium - 79 mg/kg [171
and micro minerals was also reported in C. carandas fruit [17-20]. Manganese 17 mg/kg - [4]
C. carandas fruit intake can fulfill the RDA of certain minerals and Manganese 257 mg/kg - 171
. . ) . Manganese - 0.9 mg/g [11
vitamin C. The adequate intake (AI) of chromium for men and women Manganese _ 533 mg/kg 171
(19-30 years) is 0.035 mg/day and 0.025 mg/day respectively. One Zine 44 mg/kg _ [4]
serving (1 g) of C. carandas contains 0.0462 mg of chromium fulfilling Zinc 133 mg/kg d.w. - [171
almost 100 % daily need. Al of chromium for pregnant women aged ;f“c - zsmg/ Ejk [}]7
(19-30) is 0.030 mg/day [21] which can be obtained from 1 g C?;per Is me/kg me/xe { 4]]
C. carandas fruit on d.w. basis. Copper, another important mineral, is Copper _ 3.31 mg/g [31

also present in considerable amounts. Copper deficiency onsets defects
in connective tissues that lead to vascular and skeletal problems, anemia

(continued on next page)
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Table 1 (continued)

Nutrient Amount d.w. Amount f.w. Reference
Chromium - 0.46 mg/g [1]
Vitamin C 16 mg/100 g - [41
Vitamin C 49 mg/100 g - [31
Vitamin C - 20 mg/100 g [17]
Vitamin C - 6.9 mg/100 g [4]
Vitamin C - 72 mg/100 g [17]

d.w. dry weight, f.w. Fresh weight.

associated with defective iron utilization, and possibly specific aspects
of CNS dysfunction [22,23].

Evidence suggested that immune and cardiac dysfunction occurs in
experimental copper deficiency and the development of such signs of
deficiency has been demonstrated in infants [24,25]. Osteoporosis was
observed in copper-deficient infants and growing children. The RDA of
copper for adults (19-50) is 700 pg/day (0.7 mg/day) and for lactating
mothers (19-30 years) 1 mg/day. While 100 g of C. carandas powder
contains 0.3 mg copper meeting about 50 % and 35 % RDA in adults and
lactating mothers respectively. Similarly, the RDA of iron for all age
groups of men and postmenopausal women is 8 mg/day, necessary for
physical growth, neurological development, cellular functioning, and
synthesis of some hormones [26,27]. A 50 g C. carandas fruit powder
fulfills about 100 % of the dietary needs of iron in males (19-50 years)
and 50 % in females. Moreover, the RDA of iron for pregnant women
aged (19-30 years) is 22 mg/day. About 100g of C. Carandas adequately
satisfies approximately 65 % of the RDA of iron in pregnant women.
Likewise, manganese is a cofactor for many enzymes, including man-
ganese superoxide dismutase, arginase, and pyruvate carboxylase [28,
29]. It is involved in the formation of bone and amino acids, lipid, and
carbohydrate metabolism. The Al of manganese for male adults is 2.3
mg/day and 1.8 mg/day respectively. About 100 g of C. carandas pro-
vides 1.7 mg of manganese meeting a substantial portion of daily need.
Zinc is involved in many aspects of cellular metabolism. It is required for
the catalytic activity of many enzymes and plays a role in enhancing
immune function, protein and DNA synthesis, wound healing, and cell
signaling and division [30-32]. The RDA for zinc is 11 mg/day for males
(31-50 years) 8 mg/day for females (31-50 years) and 9.5 mg/day for
pregnant women (19-30 years) [21]. 100 g of C. carandas powder can
provide 13.36 mg of zinc, which is enough to overcome zinc deficiency.
The National Institution of Health (NIH) recommends about 400
mg/day magnesium, for males and 310 mg/day for females. C. carandas
powder contains 65.6 mg/100g which can fulfil about 12 % of the di-
etary needs of magnesium. In addition to the minerals, C. carandas fruit
is also a good source of Vitamin C, required for the maintenance of
normal connective tissue and wound healing. Vitamin C also is needed
for bone remodeling because of the presence of collagen in the organic
matrix [33]. The NIH suggests RDA for Vitamin C as 90 mg/day for
males and 75 mg/day for females. Hundred grams of C. carandas con-
tains 72 mg of vitamin C and can satisfy more than half of the required
dietary need for vitamin C in adults.

The phytochemical analysis of C. caranda’s anatomical parts
revealed the presence of valuable secondary metabolites (Table 2).
C. carandas are reported to contain a wide array of bioactive secondary
metabolites that do not participate in the normal growth, development,
or reproduction of plants but play a critical role in plant defense,
interaction with the environment, and provide notable medicinal ad-
vantages. Table 2 provides a concise overview of the secondary me-
tabolites that have been found in several components of C. carandas,
including the leaves, roots, flowers, and fruit. The table classifies these
metabolites into many categories, emphasizing the varied chemical
characteristics and probable biological functions of these molecules.
This classification offers a thorough summary of the many secondary
metabolites found in said neglected berry fruit, which might be valuable
for researchers studying phytochemistry and pharmacology. In detail,

Table 2
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Phytochemical analysis of C. carandas anatomical parts.

Plant
Part

Class/name of the Compound

References

Leaves

Flowers

Root

Fruit

Organic compounds: Isobenzofuran, ethylbenzene,
Benzenoids: o-Xylene, 1,2,4-trimethylbenzene, 4-
hydroxybenzoic acid

Steroids: Card-20(22)-enolide, Stigmasterol,
p-Asarone, 24-Noroleana-3,12-diene, Lupeol,
p-sitosterol-3-O-#-p-glucopyranoside

Fatty acid (esters): Methyl 4-O-methyl-p-
arabinopyranoside, n-Decanoic acid, 4-O-Methylman-
nose, Hexadecanal, Hexadecanoic acid, 8,11,14-Doco-
satrienoic acid,

9,12,15-Octadecatrienoic acid, (Z, Z, Z)-,
6-Octadecenoic acid, methyl ester, (Z),
9,12,15-Octadecatrienoic acid, 2-[(trimethylsilyl)oxy]-
1-[[(trimethylsilyl)oxy]lmethyl] ethyl ester, (Z, Z, Z)-,
5,8,11,14-Eicosatetraenoic acid, methyl ester (all-Z)-,
9,12-Octadecadienoic acid (Z, Z)-,

Pentadecanoic acid, 14-methyl-, methyl ester,
Prop-2-enyl Octadecanoate

Ketone Esters: Hexanoic acid, 3-oxo-, ethyl ester
Terpenoids: Carandinol, ursolic acid-y-lactone, 27-O-
Z-p-coumaroyl ursolic acid, 23-hydroxy ursolic acid,
uvaol, ursolic aldehyde, triterpene, betulinic acid,
oleanolic acid, ursolic acid, f-Sitosterol

Isoprenoids: Phytol, Squalene

Aldehydes: Pyrazole[4,5-b] imidazole, 1-formyl-3-
ethyl-6-g-D-ribofuranosyl

Bicyclohexyl Ketone: [1,1-Bicyclohexyl]-2-one, 1'-
hydroxy

Cyclohexanones: Cyclohexanone, 2-cyclohexylidene,
Cyclohexanone

Phthalates: Bis(2-ethylhexyl) phthalate

Siloxanes: Octasiloxane

Flavanone: Naringin

Terpenes and Terpenoids: Myrcene, limonene,
camphene, carene, dipentene, farnesol, nerolidol, a-
terpeneol, citronellal, f-ionone, linalool, and geranyl
acetate

Ketones: 2-Acetyl phenol, acetophenone

Phenols: Phenol, 2-methoxy-4-(2-propenyl) phenol,
2,4-bis(1,1-dimethyl ethyl)phenol
Hydrocarbons/Alkanes: n-Eicosane, n-octane, 2-4-
dimethyl hexane, n-nonane, n-decane, n-undecane. n-
dodecane, n-tetradecane, n-tetrasocane, n-
hexatriacontane, n-heneicosane, n-heptadecane, n-
pentadecane, n-nanodecane, hexadecane,1,1-bis
(dodecyloxy)-

Ester & Fatty Alcohols:, 7,9-Di-test-butyl-1-oxaspiro
(4,5)deca-6,9-diene-2,8-diene, 1-(+)-ascorbic acid 2,6-
dihexa decanoate,

2-H,8-H, benzo[1,2-b:5,4-b]dipyran-2-one,8,6
dimethyl,

2-H-1-benzopyran-2-one, 7-methoxy-6-(3-methyl-2-
butyl)

4-pyrimidinecarboxylic acid, 2,6 bis [(tet-butyl
dimethylsilyl)oxy]

Fatty Acids: Stearic acid, 9-octadecenoic acid, 9,12-
octadecanoic acid, 6-octadecenoic acid (z)-, methyl
ester, 7-octadecadienoic acid, hexadecanoic acid,
hyristic acid

Terpenoids: $-Sitosterol glycoside, a-amyrin 16-
hydroxybetulinic acid, lupeol, sesquiterpenes
(carissone, carindone), f-sitosterol, g-viscol, oleanolic
acid, carinol

Steroids: y-Sitosterol, f-amylin, stigmasterol
Coumarins: Scopoletin

Anthocyanins: Cyanidin-3-galactoside, cyanidin-3-
glucoside, 5-carboxypyranopelargonidin-3-O-beta-glu-
copyranoside, delphinidin-3-rutinoside, peonidin-3-
arabinoside, delphinidin, delphinidin-3-galactoside,
delphinidin-3-glucoside

Phenolic acids/Acids: Protocatechuic acid,
dichloroacetic acid, malic acid, decanoic acid, quinic
acid.

(continued on next page)
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Table 2 (continued)

Plant Class/name of the Compound References

Part

Flavonoid: Quercetin

Esters: 2-Ethylhexyl ester, 12-oleanen-3-yl acetate (3-
a)

Fatty Acid Esters: Hexadecanoic acid methyl ester, cis-
10-nonadecenoic acid methyl ester, methyl stearate,
methyl 3-hydroxytetradecenoate

Aldehydes: Octadecanal, octacosanal, eicosanal, 2-
furancarboxaldehyde, decanal, trifluoroacetyl-
lavandulol

Ketones: Z, 7-6,28-Heptatriactontadien-2-one, 2-pyr-
rolidinone, citronellol epoxide, semicarbazone
Alcohols: Heptacosanoic acid, 1-methoxy-25-methyl
heptacosan-1-ol, methyl ester, 1-pentatriacontanol,
cyclohexanol, 1,2,3,5-cyclohexanetetrol

Alkenes: 2,4,4-Trimethyl-3-hydroxymethyl-5a-(3-
methyl-but-2-enyl)-cyclohexene

Terpenoids: 2R-Acetoxymethyl-1,3,3-trimethyl-4t-(3-
methyl-2-buten-1-yl)-1t-cyclohexanol, methyl 13-octa-
decenoate, f-amyrin, carisol, linalool, f-caryophyllene,
carissone, carissic acid, carindone, ursolic acid, carinol,
lupeol, p-sitosterol

roots of C. carandas contain a diverse group of compounds like ketones,
flavonoids, terpenoids, alkaloids, alkanes, fatty alcohols, and fatty acids
[34,35]. Moreover, the identified compounds found in the C. carandas
fruit were anthocyanins, phenolic acids, flavonoids, esters, alkenes, and
terpenoids [34,36-38]. Similarly, leaf extracts of C. carandas were
identified to contain organic compounds, fatty acids, terpenoids, and
flavanones whereas geranyl acetate was isolated from the flowering part
of C. carandas. Aforementioned group of secondary metabolites are re-
ported to offer a wide array of health benefits. The plant remained an
underutilized commodity with such diverse composition, supposed to be
a promising niche as a functional and nutraceutical food ingredient.
Future research is still needed to evaluate its comprehensive composi-
tion, therapeutic and industrial aspects, and safety concerns.

3. Pharmacological potential

The World Health Organization (WHO) has estimated that 80 % of
the earth’s inhabitants rely on traditional medicine for their primary

~
e

Prevents Stomach
disorders

=
)

Helps in Lowering
glucose level

Effective against
Malaria

Treat Anemia

Cure Epilepsy

Treat Rheumatoid
Arthritis

Journal of Agriculture and Food Research 18 (2024) 101274

healthcare needs, and most of this therapy involves the use of plant
extracts and their active components [39]. C. carandas fruit, leaves,
stem, and pomace extracts exhibited the excellent potential to inhibit
the generation of free radicals, inflammation, growth of cancer cells,
pathogenic bacteria, diabetes, tyrosinase, diabetes, and many other
ailments that confirm its claims in ancient medicinal systems (Fig. 1).
The documented pharmacological activities of C. carandas. are reviewed
in the proceeding sections.

3.1. Antioxidant activity

When endogenous antioxidant potency is imbalanced by ROSg, the
onset of oxidative stress starts, which eventually incepts the ailments
[39]. ROSg contains chemically reactive oxygen, which encounters
signaling and homeostasis pathways, consequently putting oxidative
stress and cell damage underway. Antioxidants are inevitable to protect
a physiological system from ROSg, various infections, and degeneration
[40]. C. carandas seeds and pulp ethanol extracts were reported to have
antioxidant potential in the DPPH assay at 183 mg Trolox equivalent
(TE)/g and 17 mg TE/g, respectively. Total phenolic contents in seed
ethanol extract were also notably higher (52 mg gallic acid equivalent
(GAE)/g) as compared to ethanol pulp extract (16 mg GAE/g) [41].
C. carandas root powder was extracted with various solvents based on
increasing polarity (petroleum ether, petroleum ether + chloroform,
chloroform, chloroform + ethyl acetate, ethyl acetate, ethanol, and
methanol) and evaluated for total phenolics, total flavonoids, and
antioxidant potential. Methanol extract was observed to have maximum
phytochemical potential and antioxidant activity in the DPPH (ICso 46
mg/mL) assay and inhibition of linoleic acid oxidation (72 %) followed
by ethanol extract, and ethyl acetate extract [35]. The methanol extract
of C. carandas fruit, carrying total phenolic contents of 188.75 pg GAE/g,
exhibited antioxidant activity with an ICsy of 27.4 pg/mL against a
stable free radical, i.e., DPPH [20]. Flavonol-rich fractions of C. carandas
fruit methanol extract showed 61 % inhibition, followed by phenolic
acid > anthocyanins > flavanol-rich fractions in the p-carotene-linoleic
acid assay. A similar trend was observed in the reducing power assay,
wherein the flavonol fraction at 50 ppm outlined higher activity at 1.86
as compared to other fractions. In the DPPH assay, the anthocyanin
fraction showed inhibition of 70 %, followed by the phenolic acid,
flavonol, and flavonol fractions at 20 ppm [42]. C. carandas fruits of two

E -

Strengthen the Immune
ystem

Cure Anorexia

Fig. 1. Pharmacological potential of C. carandas.
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different types (T1, T4) were extracted with methanol to evaluate the
radical scavenging potential, and T1 was recorded to offer better activity
in DPPH (34 % inhibition), FRAP (90 mg/100 g), and ABTS (95 % in-
hibition) assays than T4 in all assays and the potential was comparable
with the standard ascorbic acid in all assays [43]. Lately, C. carandas
anatomical parts (fruit, leaves, seeds) were extracted with various sol-
vents (hexane, ethyl acetate, ethanol) wherein fruit and leaves ethanol
and hexane extracts outlined significant antioxidant activity in DPPH,
FRAP, and ABTS assays [44]. Ethanol fruit extract of C. carandas was
found to be a notable carrier of total phenolic (14 mg GAE/g) and total
flavonoids (2.2 mg CE/g) and showed higher antioxidant activity in
DPPH (ICsg 195 pg/mL) and nitric oxide (ICsp 219 pg/mL) as compared
to ethanol root, chloroform fruit, and chloroform root extracts [45]. The
DPPH and ABTS assays revealed the antioxidant activity of the methanol
extract of C. carandas leaves, with ICsg of 10.5 and 1.75 pg/mL [46].
C. carandas leaves AgNPs showed stable free radical scavenging activity
(90 % inhibition) more than butylated hydroxyanisole (68 % inhibition)
[47a]. Similarly, at all the tested concentrations between 50 and 300
pg/mL C. carandas leaves ethanol extract AgNP outlined higher inhibi-
tion in DPPH, FRAP, and ABTS assays as compared to basic extract [48,
47b]. In another study, AgNPs fabricated from the C. carandas fruit
methanol extract bestowed antioxidant activity in DPPH assay more
than C. carandas fruit methanol extract and comparable to the standard
ascorbic acid [49]. Nexus to the above it can be suggested that
C. carandas fruit extracts having significant antioxidants can serve as
natural preservatives, extending the shelf life of perishable items like
meats, dairy, and baked goods. It can also enhance health benefits and
antioxidant intake in functional foods and beverages. It can stabilize
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flavors, improve bakery products’ nutritional profiles, and prevent lipid
oxidation in meat and fish products.

3.2. Anti-inflammatory activity

The overproduction of free radicals by activated inflammatory leuko-
cytes, particularly in cases of prolonged inflammation, is believed to play a
significant role in the development of various pathological conditions
(Fig. 2). The epithelial layer of tissue is damaged by carcinogenic stimuli,
which in turn activate immune cells. These cells emit proinflammatory
cytokines, which induce blood vessel constriction and facilitate the
migration of platelets and neutrophils to the site of inflammation. This
migration results in the destruction of necrotic cells and organisms.
Mutagenicity, abnormal cell proliferation, hyperplasia, dysplasia, and
tumour formation are all potential consequences of chronic inflammation.
This uncontrolled growth is facilitated by angiogenesis. Numerous studies
have shown that polyphenols may help treat conditions linked to inflam-
mation by targeting specific sites as shown in Fig. 2 [50,51]. Carrageenan
induces inflammation in a biphasic manner, releasing histamine and se-
rotonin during the initial phase, and prostaglandin, lysozyme, followed by
bradykinin in the second phase [52,53]. Steroidal and non-steroidal drugs
usually play a role during the second phase. Likewise, C. carandas roots,
leaves, and fruit extracts also reduced the inflammation during the second
phase by averting the release of proinflammatory cytokines and the
reduction is almost comparable with the standard drugs used. In this re-
gard, C. carandas is a well-reputed medicinal plant with anti-inflammatory
potential. Decades earlier a study aimed to investigate the analgesic,
anti-inflammatory, and antipyretic potential of ethanol and aqueous
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Fig. 2. Inflammatory mechanism and targeted sites of C. carandas polyphenols.
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extracts of C. carandas roots. Results showed that ethanol and aqueous
extracts exhibited significant analgesic effects against acetic acid-induced
abdominal writhing, anti-inflammatory against carrageenan-induced paw
edema, and antipyretic activities at 200 mg/kg b.w [54]. C. carandas roots
methanol extract reported to downregulate the release of proinflammatory
mediators i.e., TNF-a, IL-1b, and nitric oxide (NO) with ICsq of 21, 29, and
48 mg/mL, respectively. Bioassay-guided fractionation of the same extract
resulted in two fractions (B1 and B2), which further purification identified
with 5 compounds named scopoletin, carissone, oleanolic acid, lupeol, and
stigmasterol. Added that, carrisone and scopoletin were found to reduce
the NO production with an ICsg of 20 and 24.6 pg/mL) comparable to
standard NO down regulator (.-NAME; ICso 19.82 pg/mL). Carissone and
scopoletin also decreased the production of TNF-a, and IL-1b up to 41 %
and 53 % at 30 pM without inducing any toxicity [55]. Similarly,
C. carandas fruit methanol extract inhibited the release of proin-
flammatory cytokines i.e., NF-kB, IL-6, and TNF-o more than ursolic acid
and standard drug indomethacin.

C. carandas pulp ethyl acetate extract also outlined notable inhibition
of these cytokines followed by ethanol extract [44]. Defatted methanol
extract of C. carandas fruit at doses of 100, 200, and 400 mg/kg body
weight exhibited 33.70, 60.95, and 76.12 % inhibition of
carrageenan-induced paw edema volume when compared with control
at 2 h in a dose-dependent manner. GC-MS analysis identified 11 com-
pounds wherein terpenoids were found in abundance followed by fatty
acids, esters, and ketones [36]. C. carandas fruit of varying stages was
subjected to extraction using different solvents i.e., n-hexane, chloro-
form, and hydroalcoholic, and screened for phytochemicals. The higher
contents of ascorbic acid, flavonoids, and phenols were recorded in the
acetone and hydroalcoholic extract of mature fruit. Hydroalcoholic
extract mature fruit showed the highest activity against
carrageenan-induced paw edema at a dose of 200 mg/kg at 3 h followed
by the same extract of immature fruit [56]. C. carandas leaves methanol
extract at 200 mg/kg b.w. exhibited maximum inhibition of inflamma-
tion, i.e., 71.8 %, 3.00 %, and 72.1 % at the end of 3 h in carrageenan,
histamine, and dextran-induced hind paw edema models, respectively
and results were comparable with the standard drug i.e., diclofenac
dispensed at the rate of 10 mg/kg. Moreover, the doses of 100 and 200
mg/kg p.o. showed a significant reduction in yeast-induced elevated
temperature in a dose-dependent manner, and the effect also extended
up to 4 h after the drug administration [12]. C. carandas leaves methanol
extract-fabricated AgNPs (CCL-AgNPs) demonstrated a significant
anti-inflammatory effect in rats treated with a carcinogen named
diethylnitrosamine. To be precise, rats in the control group were given
30 mg/kg b.w. of CCL-AgNPs, which decreased the proinflammatory
cytokine levels (Pg/mL) of 750 (TNF-a), 780 (IL-1p), 2000 (IL-6), and
1600 (NF-kB) to 300, 250, 1200, and 600 Pg/mL, respectively [47].
Naringenin was purified from the C. carandas methanol extract and
tested against carrageenan-induced paw edema inflammation. Standard
indomethacin bestowed 48 % inhibition at 20 mg/kg whereas nar-
ingenin 53 % at 50 mg/kg after 4 h of injection [57]. C. carandas leaves
and seed hexane extracts also outlined notable inhibition of 5 % against
NF-kB [44]. C. carandas stem methanol extract was subjected to
anti-inflammatory and anti-pyretic analysis and showed notable inhi-
bition as compared to standard wherein the phytochemical screening
indicated the presence of steroids, glycosides, flavonoids, tannins, and
terpenoids [58]. C. carandas extracts have potential applications in food
technology, as it can be used in functional foods and beverages to
manage chronic inflammatory conditions, reduce inflammation-related
spoilage in nutraceutical products, and in specialized foods for ath-
letes and individuals with high physical stress, providing health benefits
and faster recovery.

3.3. Anticancer activity

C. carandas fruit aqueous ethanol fruit extract showed better cyto-
toxicity at 800 pg/mL against HeLa cancer cells wherein cell viability
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reduced to 65 % as compared to 1000 pg/mL and 1200 pg/mL [59].
Hydro-ethanol extract of C. carandas leaves bestowed higher cytotoxic
effects against cultured human hepatocellular carcinoma (HepG2) cells
(cell viability reduced to 67 %) as compared to fully ripe and unripe fruit
extracts at 200 pg/mL. The activity was consistent with their respective
total phenolic contents and antioxidant activity [60]. C. carandas
pomace aqueous methanol extract detected with notable amounts of
alkaloids, flavonoids, tannins, and saponins was reported to have anti-
cancer potential against various cancer cell lines including cervical (ICsq
58.62 pg/mL), breast (ICso 56.72 pg/mL), hepatocellular carcinomas
(ICs0 56.81 pg/mL), and bone sarcoma (ICsy 82.90 pg/mL) [61]. In
another study, ethanol fruit extract of C. carandas reported to show
inhibitory activity against breast cancer (MCF-7) in a dose-dependent
manner wherein cell viability reduced to 20 % at 200 pg/mL with an
ICsq of 86.73 pg/mL [62]. Bioassay-guided fractionation of C. carandas
fruit methanol extract highlighted that chloroform fraction exhibited
significant activity against MCF-7, HT-29, and A-549 with ICsq values of
3.98 pug/mlL, 1.28 pg/mL, and 1.48 pg/mlL, respectively. Further inves-
tigation on this fraction led to the isolation of carissic acid that outlined
notable activity with ICsg of 3.47 pM, 2.65 pM, and 13.58 pM against
A-549, HT-29, and MCF-7 cells. Carissic acid caused chromatin
condensation with a decrease in mitochondrial membrane potential and
also confirmed cell death via reactive oxygen species (ROS) generation
and significantly decreased colony formation in a dose-dependent
manner [63]. C. carandas unripe-fruit (n-hexane) and leaves (chloro-
form) were found effective against human ovarian carcinoma and lung
cancer with an ECsg of 2.9 pg/mL and 7.7 pg/mL, respectively [64]. In
the following study the triterpene carandinol was isolated from
C. carandas leaves methanol extract and found to exhibit notable cyto-
toxicity against HeLa and PC-3 with ICs¢ 6.8 pM and 12.6 pM, respec-
tively [2]. Methanol extract of C. carandas leaves (MELC) was reported
to reduce the viability of adenocarcinoma cells including SW-480 and
SW-48 in a dose-dependent manner (in vitro) and also resulted in a
significant decrease in viable EAC cell count thereby increasing the life
span of the EAC cell bearing mice. Moreover, treatment with MELC
induced apoptosis of EAC cells as observed in fluorescence microscopic
view of DAPI (4,6-diamidino-2-phenylindole) stained cells and also
increased p53 gene expression MELC-treated cells in respect to un-
treated EAC control. Restoration of hematological parameters such as
red blood cells (RBC), hemoglobin, and white blood cells (WBC) to
normal levels in MELC-treated mice was also observed [46]. Six natural
compounds (1-6) were isolated from the fresh leaves of C. carandas
including ursolic acid (1), ursolic acid-c-lactone (2), 27-O-Z-p-cou-
maroyl ursolic acid (3), 23-hydroxy ursolic acid (4), uvaol (5) and
ursolic aldehyde (6) and evaluated for anticancer activity against lung
(NCI-H460), oral (CAL-27), and human cervical cancer (HeLa) cell lines.
Compounds 3 and 4 outlined potent activity against lung and cervical
cancer cell lines with an ICsg of 18.6 pM and 12.8 uM, compound 4 was
recorded to have ICs( of 28.7 pM against oral cancer, compound 1 and 4
exhibited ICsp of 13 pM and 21 pM against cervical cancer cell lines [65].
B-sitosterol-3-O-B-p-glucopyranoside isolated from the C. carandas
leaves methanol extract was found to have higher activity against oral
cancer with an ICsp of 18.69 pM as compared to the cytotoxic effects
against lung cancer with an ICsy of 63.34 pM but found to have no
cytotoxicity against normal cells [66].

3.4. Antimicrobial activity

This very plant may be referred to as a medicinal and food homol-
ogous (MFH) plant offering a microbial infection’ cure. Literature has
highlighted that C. carandas anatomical parts have shown significant
antibacterial activity and effectively manage infectious diseases
(Table 3). Aqueous ethanol fruit extract of C. carandas has antibacterial
activity against K. pneumoniae and S. aureus with MIC of 0.312 mg/mL
followed by E. faecalis and E. coli [59]. Phenolics-rich fraction of
aqueous ethanol from C. carandas fruit has a notable antibacterial
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Table 3
Health-promoting activities of C. carandas anatomical parts.

Plant part Solvent Dosage Findings References

Anti-inflammatory

Roots Ethanol 100 mg/kg Reduced carrageenan-induced inflammation by 63.83 % after 3 h in rats [54]

Roots Water 100 mg/kg Reduced carrageenan-induced inflammation by 49.6 % after 3 h in rats [54]

Roots Methanol - inhibition of pro-inflammatory mediators with an ICs, (pg/mL) of 21.75, 29.30, and 48.52 against NO, TNF-a, [55]
and IL-1 (in vitro)

Fruit Methanol 400 mg/kg Reduced carrageenan-induced inflammation was 76 % after 2 h in rats as compared to 80 % inhibition of [36]
standard Indomethacin

Unripe Fruit ~ Methanol 200 mg/kg Reduced carrageenan-induced inflammation by 58 % as compared to standard drug inhibition of 78 % at the ~ [56]
end of 3 h in rats

Ripe Fruit Methanol 100 mg/kg Reduced carrageenan-induced inflammation by 66 % as compared to standard inhibition of 78 % at the end of ~ [56]
3 hinrats

Fruit Ethanol - Inhibited proinflammatory cytokines i.e., NF-kB, IL-6, TNF-a by 95 %, 25 %, and 20 %, respectively more than  [44]
ursolic acid and standard indomethacin (in vitro)

Pulp Ethyl acetate - Inhibited proinflammatory cytokines i.e., NF-kB, IL-6, TNF-a by 85 %, 25 %, and 30 %, respectively more than  [44]
ursolic acid and standard indomethacin (in vitro)

Roots Ethanol 100 mg/kg Reduced pyretic activity by 1.19 % after 3 h in rats [54]

Roots Water 100 mg/kg Reduced pyretic activity by 1.77 % after 3 h in rats [54]

Leaf Methanol 200 mg/kg Reduced pyretic activity comparable to standard in rats [12]

Stem Ethanol 300 mg/kg Reduced pyretic activity comparable to the standard drug (10 mg/kg) i.e., diclofenac sodium in rats [58]

Leaf Methanol 200 mg/kg Reduced histamine-induced inflammation by 72 % as compared to standard diclofenac (10 mg/kg) exhibited [12]
79.9 % inhibition after 3 h in rats

Leaf Methanol 200 mg/kg Reduced histamine-induced inflammation by 3 % as compared to standard diclofenac (10 mg/kg) exhibited 4  [12]
% inhibition after 3 h in rats

Leaf Methanol 200 mg/kg Reduced carrageenan-induced inflammation by 71 % as compared to standard diclofenac (10 mg/kg) [12]
exhibited 79 % inhibition after 4 h in rats

Leaf Methanol 50 mg/kg Reduced carrageenan-induced inflammation by 53 % as compared to standard indomethacin (20 mg/kg) [57]

naringenin exhibited 43 % inhibition after 4 h in rats

Stem Ethanol 300 mg/kg Reduced carrageenan-induced inflammation by 60.88 % after 2 h in rats [58]

Roots Ethanol 100 mg/kg Reduced acetic acid-induced abdominal writhing 72.67 % in mice [54]

Roots Water 100 mg/kg Reduced acetic acid-induced abdominal writhing at 71.68 % in mice [54]

Antioxidant

Pulp Ethanol 1 g/20 mL Stable free radical i.e., DPPH scavenging activity was recorded as 16.86 mg TE/g [41]

Fruit Methanol 1 mg/mL DPPH radical scavenging activity obtained with an ICso of 27.4 pg/mL [20]

Pulp Ethanol 1 mg/mL DPPH radical scavenging activity obtained with an ICs of 224 pg/mL as compared to gallic acid and quercetin [44]
ICs of 1 pg/mL and 4.4 pg/mL, respectively

Fruit Methanol 20 ppm Anthocyanins-rich fraction obtained from methanol extract outlined the highest DPPH radical scavenging [42]
activity (62 % inhibition) as compared to standard BHT (89 % inhibition)

Fruit Methanol 0.25 g/mL Type 1 of C. carandas outlined 34 % inhibition of stable free radical i.e., DPPH followed by type 4 with 33 %  [43]
inhibition

Fruit Ethanol 300 pg/mL DPPH radical scavenging activity obtained with an ICsq of 195.8 pig/mL as compared to standard BHT ICs5o of ~ [45]
64.2 pg/mL

Fruit Chloroform 300 pg/mL DPPH radical scavenging activity obtained with an ICs, of 237.4 pg/mL compared to standard BHT ICsq of [45]
64.2 pg/mL

Seed Ethanol 1 g/20 mL Stable free radical i.e., The DPPH scavenging activity was recorded as 182.7 mg TE/g [41]

Seed Ethanol 1 mg/mL DPPH radical scavenging activity obtained with an ICso of 16 pg/mL as compared to quercetin exhibited 4.4  [44]
pg/mL

Roots Methanol 10 mg/mL DPPH radical scavenging activity obtained with an ICsg of 46.1 pg/mL as compared to an ICs of 12 pg/mL of ~ [35]
standard BHT

Roots Ethanol 10 mg/mL DPPH radical scavenging activity was obtained with an ICsq of 49.1 pg/mL as compared to an ICsg of 12 pg/mL  [35]
of standard BHT

Roots Ethanol 300 pg/mL DPPH radical scavenging activity obtained with an ICsq of 216 pg/mL [45]

Roots Chloroform 300 pg/mL DPPH radical scavenging activity obtained with an ICsq of 259.5 pg/mL [45]

Fruit Methanol 20 ppm Anthocyanins-rich fraction obtained from methanol extract outlined the highest inhibition (61 %) of [42]
p-carotene oxidation in the linolenic emulsion system

Roots Methanol 10 mg/mL Inhibition of linoleic acid oxidation was recorded as 72 % as compared to BHT exhibited 89 % [35]

Roots Ethanol 10 mg/mL Inhibition of linoleic acid oxidation was recorded as 72 % as compared to BHT exhibited 89 % [35]

Fruit Methanol 0.25 g/mL Type 1 of C. carandas outlined 95 % inhibition of ABTS followed by Type 4 with 75 % inhibition [43]

Fruit n-Hexane 1 mg/mL 15.1 TEAC (uM Trolox/g Extract) more than standard gallic acid and quercetin [44]

Leaves Ethanol 3.75 pg/mL An ICs 0f1.75 pg/mL was observed in the ABTS assay [46]

Leaves n-Hexane 1 mg/mL Antioxidant activity was 22.2 pM TE/g which is more than standard gallic acid (25 pM TE/g) and quercetin [44]
(58.1 pM TE/g) in the TEAC assay

Leaves Ethanol 37.5 pg/mL An ICs of 10.5 pg/mL was observed in the DPPH assay [46]

Leaves Ethanol 1 mg/mL An ICs of 16.4 pg/mL was observed in the DPPH assay [44]

Fruit Methanol 0.25 pg/mL Type 1 of C. carandas outlined FRAP potential as 90 mg/100 g followed by type 4 with 87 mg/100 g [43]

Anticancer

Fruit Aqueous 800 pug/mL Significantly reduced the cervical (HeLa) cancer cell viability up to 65 % [59]

ethanol

Leaf Chloroform 100 pg/mL Potent ECsq of 7.70 pg/mL was observed against ovarian cancer cells [64]

Unripe fruit n-Hexane 100 pg/mL Potent ECsg of 2.94 pg/mL was observed against lung cancer cells [64]

Leave Ethanol 200 pg/mL Reduced the hepatocellular carcinoma (HepG2) cell viability to 67 % in a significant manner [60]

Pomace Aqueous 100 pg/mL Inhibited the cervical cancer (ICso 58.62 pg/mL), breast cancer (ICso 56.72 pg/mL), hepatocellular cancer [61]

methanol (ICsp 56.81 pg/mL), bone sarcoma (ICso 82.9 pg/mL) in notable manner

(continued on next page)
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Table 3 (continued)

Plant part Solvent Dosage Findings References

Leaves Methanol - Triterpene carandin isolated from leaves methanol extract had significant anticancer activity against HeLa [2]
(ICsp 6.8 pM) and PC-3 (ICso 12.6 pM) as compared to standard doxorubicin caused potent activity against
HeLa (ICso 3.10 pM) and PC-3 (ICs 0.91 pM)
Fruits Ethanol 200 pg/mL Good anticancer activity observed against breast cancer (ICsy of 86 pg/mL) [62]
Leaves Methanol 27-0-Z-p-coumaroyl ursolic acid isolated from leaves methanol extract showed significant activity with an [65]
ICs of 12.8 pM against lung cancer
23-hydroxy ursolic acid showed significant inhibition with an ICso of 12.8 pM against lung and cervical
cancer cell lines
23-hydroxy ursolic acid showed good activity with an ICsq of 28.7 pM and 21 pM against oral and cervical
cancer cell lines ursolic acid outlined significant inhibition with an ICso of 12 uM against cervical cancer

Leaves Methanol B-sitosterol-3-O-f-p-glucopyranoside had ICso of 18.69 uM and 63.34 pM against oral and lung cancer, [66]
respectively.
Fruit Methanol Chloroform fraction of methanol extract showed potent anticancer activity with an ICso of 3.98 ug/mL, 1.28  [63]

pg/mL, and 1.48 pg/mL against MCF-7 (breast), HT-29 (human colorectal), and A-549 (human alveolar)
cancer cell lines, respectively
Chloroform fraction isolated carissic acid potent anticancer activity with an ICsg of 13.58 pM, 2.65 pM, and
3.47 pM against MCF-7 (breast), HT-29 (human colorectal), and A-549 (human alveolar) cancer cell lines,
respectively
Antimicrobial
Leaves Methanol 500 mg/mL Escherichia coli (ZOI 19.5 mm) [11]
Tetracycline (ZOI 16.1 mm)
Pseudomonas aeruginosa (ZOI 15.0 mm)
Tetracycline (ZOI 14.0 mm)
Staphylococcus aureus (ZOI 23.5 mm)
Tetracycline (ZOI 17.1 mm)
Fruit Ethanol 2.5 mg/mL Streptococcus mutans (ZOI 10.8 mm) [69]
Erythromycin (ZOI 26.6 mm)
Streptococcus aureus (ZOI 9.2 mm)
Erythromycin (ZOI 26 mm)
Fruit Ethanol - Cutibacterium (ZOI 6.67 mm) [68]
Clindamycin (ZOI 26.3 mm)
Staphylococcus epidermidis (ZOI 7.0 mm)
Ampicillin (ZOI 9.0 mm)
Staphylococcus aureus (ZOI 6.6 mm)
Ampicillin (ZOI 21 mm)
Fruit Water 100 mg/mL Staphylococcus aureus (ZOI 20.3 mm) [70]
Aeomonas hydrophila (ZOI 19.3 mm)
Pseudomonas fluorescens (ZOI 18.3 mm)
Escherichia coli (ZOI 17.0 mm)

Fruit Aqueous 10 mg/mL Klebsiella pneumoniae and Staphylococcus aureus with MIC of 0.312 mg/mL [59]
methanol
Fruit Methanol - B. subtilis (ZOI 20.0 mm) [67]

Staphylococcus aureus (ZOI 27.0 mm)
Staphylococcus epidermidis (ZOI 24.0 mm)
Klebsiella pneumonia (ZOI 26.0 mm)

Fruit Methanol 250 AgNPs (mg/ Escherichia coli (ZOI 10.0 mm) [49]
mL) Staphylococcus aureus (ZOI 11.0 mm)
Leaves Methanol 100 mg/mL Staphylococcus aureus (ZOI 10.0 mm) [72]

Streptococcus mutans (ZOI 6.0 mm)
Mycobacterium smegmatis (ZOI 10.0 mm)
Salmonella typhi (ZOI 7.0 mm)

Leaves Ethanol 250 mg/mL Staphylococcus aureus (ZOI 10 mm) [71]

Antidiabetic

Fruit Methanol 1.25-10 mg/mL p-glucosidase inhibition was 82 % in Type 1 C. carandas and 81 % in Type 2 C. carandas (in vitro) [43]
a-amylase inhibition was 34 % in Type 1 C. carandas and 30 % in Type 2 C. carandas (in vitro)

Pomace Aqueous 200 mg/mL ICsp of 29.66 mg/mL against a-amylase inhibition (in vitro) [61]

methanol

Unripe fruit Methanol 400 mg/kg b.w. Reduced alloxan-induced diabetes from 97 % to 85 % comparable to the standard metformin in rats [79]

Fruit Water 400 mg/kg b.w. 67.08 % decrease in fasting blood glucose level in rats in the GTT test [82]

Fruit Water 300 mg/kg b.w. Altered elevated postprandial glucose and glycosylated hemoglobin level 33.65 % and 45.79 % But increased ~ [82]
insulin level up to 69.7 % in rats

Fruit Water 400 mg/kg b.w. 44 % reduction in blood glucose concentrations among diabetic rats as compared to metformin caused 43 %  [83]
reduction

Root Ethanol 100 pg/mL Attained potent effects in vitro a-amylase inhibitory activity of 71.16 % as compared to the standard drug i.e., [80]
acarbose

Juice Ethanol 100 mg/mL 98.7 % and 50.86 % inhibition of a-amylase and a-glucosidase as compared to standard acarbose showed 100  [81]

powder % inhibition at 50 pg/mL
Residue Ethanol 100 mg/mL 50.34 % and 18.30 % inhibition of a-amylase and a-glucosidase, respectively as compared to standard acarbose [81]
powder showed 100 % inhibition at 50 pg/mL

Anti-tyrosinase

Fruit Ethanol 1 mg/mL Tyrosinase inhibition 25.32 mg kE/g [41]

seed Ethanol 1 mg/mL Tyrosinase Inhibition 18.77 mg kE/g [41]

Fruits Ethanol 0.10 mg/mL Tyrosinase inhibition 36.90 % % [84]

Fruit Ethanol 20 mg/mL Tyrosinase inhibition 77.65 % [84]

Fruit Ethyl acetate 20 mg/mL Tyrosinase inhibition 47 % as compared to standard Kojic acid inhibition of 50 % [44]

Seed Ethyl acetate 20 mg/mL Tyrosinase inhibition 40 % as compared to standard Kojic acid inhibition of 50 % [44]

(continued on next page)
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Plant part Solvent Dosage Findings References
Pulp Ethyl acetate 20 mg/mL Tyrosinase inhibition 48.9 % as compared to standard Kojic acid inhibition of 50 % [44]
Leaves Ethyl acetate 20 mg/mL Tyrosinase inhibition 47 % as compared to standard Kojic acid inhibition of 50 % [44]

DPPH: a-diphenyl-p-picrylhydrazyl, NO: Nitric oxide, TNF-o: Tumor necrosis factor alpha, IL-1p: Interleukin-1-beta, NF-kB; Nuclear factor kappa light chain enhancer
of activated B, BHT: Butylated hydroxytoluene, MST: Mean Survival Time, ILS: Increase in Life Spam, ZOI: Zone of inhibition, MIC: Minimum Inhibitory Concentration.
TE/g: Trolox equivalent/gram, TEAC: Trolox equivalent antioxidant capacity, ABTS: ,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonate) radical cation, FRAP: Ferric

Reducing antioxidant power.

activity against tested strains like B. subtilis, S. aureus, S. epidermidis, and
K. pneumoniae followed by flavonols and flavonoids-rich fractions while
no activity was shown by anthocyanins rich fraction [67]. Dried
C. carandas ethanolic fruit extract has a lower minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC)
against C. acnes, S. epidermidis, and S. aureus compared to fresh ethanolic
fruit extract. The activity of both extracts (dried and fresh) was more
pronounced against C. acnes. The activity is accredited to alkaloids,
flavonoids, glycosides, tannins, and saponins presence [68]. Dichloro-
methane and methanolic extracts of ripe fruit inhibited the growth of
tested strains including S. aureus, E. coli, K. pneumoniae, P. aeruginosa,
A. baumanii, and E. faecalis at MIC between 12.5-50 and 25-50 mg/mL,
respectively as compared to unripe C. carandas fruit extracts [69].
Aqueous extract has shown a concentration-dependent inhibition
against pathogenic bacterial strains like S. aureus, A. hydrophila,
P. fluorescens, and E. coli with the highest activity acquired at 100
mg/mL [70]. Recently, silver nanoparticles (Ag-NPg) at 25-250 pg/mL
concentrations were prepared using C. carandas fruit aqueous extract,
stabilized by flavonoids, have notable antibacterial activity against both
gram-negative and gram-positive bacteria i.e., E. coli and S. aureus,
respectively [49,71]. Methanolic extract of C. carandas leaves inhibited
the growth of pathogenic bacteria (P. aeruginosa, S. aureus, and E. coli) at
500 mg/mL more efficiently than the standard tetracycline [11].
Aqueous-methanolic leaves extract were reported for zone inhibition
against M. smegmatis, S. mutans, and S. aureus at 100 mg/mL followed by
methanol and hexane extracts in comparison to standard treatment i.e.,
Kanamycin drug [72]. C. carandas leaves ethanol extract (300 mg/mL)
has shown significant inhibition of bacteria (P. acnes and S. epidermis)
primarily due to flavonoids, terpenoids, steroids, tannins, and saponins
[73]. Silver nanoparticles increased the antibacterial potential of fruit
and leaf extracts. Recently, a comparative study revealed that the anti-
bacterial activity of C. carandas leaf extract and its Ag-NPg inhibited
growth zone (6-7 mm) of E. faecalis, Gonococci spp., S. Typhi, Citrobacter
spp., and S. flexineri using [47b]. Green synthesis of Ag-NPg using
C. carandas leaf extract exhibited excellent antibacterial activity against
S. aureus and P. aeruginosa, with Ag-NPg coated urinary catheters
showing the highest biofilm inhibition, making them a potential treat-
ment niche for urinary tract infections (UTI) and nosocomial infections
[74]. C. carandas derived-nitrogen-doped carbon dots (N-CDg) were
proved effective (100 pg/mL) against human pathogenic strains
(S. aureus and K. pneumoniae) while tested using the disk diffusion
method [75]. C. carandas leaf extract-mediated synthesized Ag-NPg was
reported to enhance the antibiofilm effects of antibiotics against
biofilm-producing organisms including S. aureus, E. coli, and
P. aeruginosa, paving the way towards controlling UTI [74]. C. carandas
extracts possess antibacterial qualities that can be utilized as natural
preservatives. This can help prolong the shelf-life of perishable goods
and decrease the need for synthetic preservatives, which are typically
met with growing consumer doubt.

3.5. Antidiabetic activity

Diabetes mellitus (DM), a global concern affected half a billion
people in 2021, with adults being affected might reach 800 million by
2045 [76]. Type-II diabetes mellitus (T2D), which is more prevalent
presents disordered metabolism of carbohydrates, protein, and lipids

with deficient or insufficient insulin secretion, utilization, and resistance
[77]. This chronic disorder may lead to neuro-, retino-, angio-, and ne-
phropathy [78]. Among management and curing approaches, the inhi-
bition of a- and p-amylase (carbohydrate digesting enzymes) in the
gastrointestinal tract (GIT) to limit postprandial sugar (glucose) con-
centration is primarily looked for [79]. C. carandas fruit of two types i.e.,
T1 and T2 were extracted with methanol and observed to inhibit the
p-glucosidase and a-amylase enzymes in a notable manner.
B—glucosidase inhibition was 82 % in T1 and 81 % in T2. Alpha-amylase
inhibition was 34 % in T1 and 30 % in T2 [43]. C. carandas root ethanol
extract (100 pg/mL) exhibited 71.6 % a-amylase inhibition with an ICsg
of 41.42 pg/mL which is more potent than standard drug acarbose which
exhibited ICsq of 84.42 pg/mL [80]. Similarly, freeze-dried C. carandas
crude juice powder at 100 pg/mL demonstrated 98.7 % a-amylase and
50.86 % alpha-glucosidase inhibition, whereas its residues powder
revealed 50.34 % a-amylase and 18.30 % a-glucosidase inhibition and
results in all assays were comparable to the standard acarbose [81].
More importantly, C. carandas fruit methanol extract (CCFME) was
recorded to reduce alloxan-induced diabetes in a dose-dependent
manner and comparable to the standard metformin. CCFME reduced
the blood glucose concentration from 97 % (control) to 85 % when
dispensed at the rate of 400 mg/kg b.w. after 120 h in rats. The activity
was believed to be due to the presence of total polyphenols, flavanols,
and flavanones [79]. Furthermore, C. carandas fruit aqueous extract
(CCFEE) caused a 67.08 % (0-1 h) decrease in fasting blood glucose level
assessed using glucose tolerance test (GTT) in healthy rats. While in
streptozotocin-induced diabetic rats a dose of 300 mg/kg f.w., reduced
70 % blood glucose, 33.65 % postprandial glucose, 45.79 % decline in
glycosylated hemoglobin, and increased 69.7 % insulin level. CCFEE
antidiabetic potential was comparable to the standard drug glibencla-
mide (10 mg/kg b.w.) [82]. The glucose uptakes of cells treated with the
various concentrations of C. carandas aqueous fruit extract (CCAFE)
between 100 and 400 pg/mL + lipopolysaccharide (LPS) significantly
increased by 29.3 %, 27.3 %, and 38.5 %, respectively, when compared
with LPS-treated T3-L1 adipocytes, an indicative of anti-insulin resis-
tance effects. Remarkably, administration of the CCAFE extract at doses
of 200 and 400 mg/kg b.w, successfully decreased the fasting plasma
glucose as —34 % and —44 %, respectively, as compared to 43 % inhi-
bition of metformin among rats. Moreover, HOMA-IR and glucose
intolerance were also significantly improved in diabetic rats [83]. The
aforementioned results pave way to utilize to C. carandas in the devel-
opment of functional foods aimed at managing blood sugar levels,
catering to the growing population of health-conscious consumers and
individuals with diabetes.

3.5.1. Anti-tyrosinase activity

Ethanol extract of C. carandas fruit and seed inhibited tyrosinase
(25.32 mg kE/g and 18.77 mg KE/g, respectively) [41]. Similarly,
ethanol fruit extract has shown 36.90 % tyrosine inhibition [84]. Within
this context, C. carandas fruit ethanol extract manifested 77.65 %
tyrosinase inhibition [85]. Likewise, ethyl acetate extract of C. carandas
fruit, seed, pulp, and leaves revealed comparable tyrosinase inhibition
as 47.3 %, 40.3 %, 48.9 %, and 47.7 %, which was 48.4 % in Kojic acid
(standard treatment) [44]. Furthermore, the ability of C. carandas to
inhibit tyrosinase activity suggests potential use in cosmetic foods and
beverages, specifically addressing the growing market for beauty and
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wellness products that enhance skin health.
4. Value addition and possible industrial applications

The literature has highlighted a significant insight for both the food
industry and consumers, emphasizing C. caranda’s potential as a valu-
able source of carbohydrates, fats, sugars, minerals, vitamin C, and
bioactive metabolites. Nutritional profiling with inherent shorter shelf
stability of C. carandas signifies its value-addition thus reducing post-
harvest loss, promoting consumption of this indigenous fruit, and
enhancing food security [17]. For instance, C. carandas pulp-added
yogurt made with 20 % supplementation has shown a higher con-
sumer preference despite higher prices. The supplemented product had
similar protein and antioxidant levels with higher fat than the standard
[86]. Likewise, yogurt made with 20 % C. carandas pulp was reported to
have a higher nutritional profile and phytochemical content when
assessed against standard recipes. Interestingly, lactic acid bacteria
remained above 8 log CFU/g during the 3-week storage period and
received higher hedonic responses than regular yogurt [87]. The addi-
tion of C. carandas juice squeezed from 1000 g fruit, 100 g sugar,and 2 g
stevia in ice cream showed a higher total phenolic (2-176 pg GAE/g),
antioxidant potential (93-96 ug TE/g) and color appearance compara-
tive to standard treatment suggesting the development of functional
frozen desserts [88]. Lately, Rafique et al. (2023) developed different
jam formulations using 100 % C. carandas pulp (T;), 75 % C. carandas
pulp+25 % apple pulp (T2) 50 % C. carandas pulp+50 % apple pulp (Ts3),
and 25 % C. carandas pulp+75 % apple pulp (T4). The product made
from 100 % C. carandas pulp (T7) had the minimum ash, vitamin C, total
phenolic, total flavonoid, total anthocyanins, and antioxidant activity
after 120 days of storage. The product made from 50 % C. carandas pulp
had the maximum acceptability based on the taste and color profile
using hedonic responses [17]. Ripe fruits are highly perishable and
represent an option to retain bioactive components via fermentation
[89]. The study analyzed the properties of C. carandas fruit-made wine,
revealing a typical alcohol content, aroma-contributing volatile com-
pounds (3-methyl-1-butanol, butanoic acid, butyrolactone, phenyl ethyl
alcohol, butanedioic acid, benzene ethanol, 2-propenyl ester) low heavy
metal (Pb, As, Cu, Cd) and methanol levels (12.50 %), high antioxidant
activity (DPPH, ICso 0.84 %; ABTS, ICsp 3.28 %), and total phenolic
content (746 mg GAE/100 mL), suggesting its potential usage in fer-
mented beverages with similar characteristics to other wines [90]. In
another investigation, fermentation was performed to harness the
polyphenolic contents using two distinct genotypes i.e., white with
pinkish blush and green with purple blush of C. carandas fruit. The
alcoholic contents of fermented beverages varied between 4.5 and 5.5 %
and retained higher levels of ascorbic acid, phenolics, and antioxidants
with acceptable sensory liking suggesting the potential of C. carandas in
the fermentation industry to ensure food and nutritional security [89].
Similarly, ready-to-serve (RTS) functional beverage with 10 %
C. carandas fruit juice had notable reducing sugars (9.8 %), total sugars
(12.1 %), iron (3.39 mg/kg), anthocyanins (17 mg/L), phenol (228 mg
GAE/100 mL), total flavonoid (43 mg EC/100 mL), and antioxidant
activity as 14 and 19 pmol TE/g in FRAP and CUPRAC assay. Storage
analysis (180 days) revealed enhanced total soluble solids (TSS),
reducing sugars, and total sugars while declining polyphenolic contents
and radical scavenging potential [91]. C. carandas juice was mixed with
guava, papaya, and pineapple juices at varying concentrations to
develop an RTS drink. A combination of 25 % C. carandas juice with 75
% pineapple juice had the highest organoleptic score and cost-benefit
ratio [92]. C. carandas fermented whey beverage (CFWB) was fed to
the rats as 10 %, 20 %, and 30 % and observed to impart positive effects
on kidney and liver function. In detail, CFWB decreased the levels of
creatinine, SGOT, SGPT, and also triglycerides as compared to the
normal group. CFWB had no substantial impact on protein and choles-
terol levels [93]. Methanolic and petroleum ether extracts of C. carandas
stabilized corn oil in terms of peroxide value when tested with BHT,
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which had the highest stabilization potential. Both extracts had stabi-
lizing effects to some extent, indicating further research to unveil their
potential as natural antioxidants [35].

5. Conclusions

C. carandas a neglected and underutilized berry fruit that has been
ignored and not used enough, outlines a compelling case for its inclusion
in dietary regimens and agricultural practices due to its exceptional
nutritional and therapeutic benefits. C. carandas potential to fulfill 100
% of the recommended dietary allowance (RDA) for essential nutrients
such as iron, zinc, and vitamin C for all age groups makes it a powerful
ally in combating nutrient deficiencies across diverse populations. In
addition to wonderful nutritional profile, C. carandas exhibited notable
medicinal potential including antioxidant, anti-inflammatory, antimi-
crobial, and anti-tyrosinase activities comparable to those of commer-
cially available synthetic drugs. These features show that C. carandas
could be useful not only as a food supplement but also as a natural
medicine. The inherent antioxidant and antimicrobial characteristics of
C. carandas can be utilized to create functional foods that have longer
shelf lives and with no synthetic antioxidant or preservatives.

It can be concluded that adding C. carandas to farming systems can
help increase the variety of crops, ensure food security, improve food
availability, and nutrition while promoting sustainable farming methods
by growing this nutrient-dense berry. The reintroduction and valoriza-
tion of C. carandas can thus play a crucial role in addressing both
micronutrient deficiencies and the challenges of food security, making it
a promising candidate for future food and health strategies.
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