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ARTICLE INFO ABSTRACT
Keywords: Phalsa is a tropical and subtropical fruit that is high in nutritional value and is primarily culti-
Phalsa

vated for its fruit. As, Phalsa fruit contain high number of vitamins (A and C), minerals (calcium,
phosphorus, and iron), and fibre while being low in calories and fat. The fruit and seed of Phalsa
contain 18 amino acids, the majority of which are aspartic acid, glutamic acid, and leucine. Based
on in vivo and in vitro studies phalsa plant possess high antioxidant, anti-inflammatory, anti-
cancer, antimicrobial, antidiabetic properties. However, antioxidant properties are found in the
form of vitamin C, total phenolic, anthocyanin, flavonoid, and tannin. The phalsa plant’s fruits
and leaves have substantial anticancer action against cancer cell lines. Because of the presence of
a broad range of physiologically active chemicals, investigations on phalsa plants revealed that
some plant parts have radioprotective qualities. The anti-glycosidase and anti-amylase activity of
aqueous fresh fruit extract was shown to be substantial. The phalsa plant contains an abundance
of biologically active chemicals, allowing it to control microorganisms through a variety of
processes. Phalsa methanolic leaf extract was revealed to have antimalarial and antiemetic ef-
fects. The hot and cold polysaccharide fractions extracted from the phalsa plant have potent
hepatoprotective and therapeutic properties. Therefore, this review is based on the nutritional,
bioactive, phytochemicals, and potential pharmacological uses of phalsa. The potential health
benefits and economic potential of the phalsa berry’s phytochemicals are promising areas for
further study.

Bioactive properties
Phytochemistry
Health benefits
Antioxidant activity

1. Introduction

The fruit berries play a crucial role in routine life and is considered beneficial eatable due to hidden health promoting benefits.
Berries contain a number of nutrients that are important for active and healthy lifestyle or entirely serve as an abundant source of
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energy in the human diet. These berries contain a higher content of bioactive compounds such as anthocyanin, flavonoids, and tannin
which are directly linked to various health benefits [1]. Besides, it also encourages health properties through the slowdown in the
aging process and minimizes the risk of various diseases including rheumatoid arthritis, cancer, lung disease, cardiovascular disorder.
Phalsa “Grewia asiatica L.” with genus Grewia produces edible fruit [2] which is associated with the family Tiliacae and contains about
150 species of short to large shrubs. It is specific to tropical and subtropical areas of the world [3,4]. Phalsa is a flowering plant with
small berry fruit conventionally blooms in warm climates and experience leaf failing in wintertime. It is having high nutritional value
and is cultivated on a small scale in each state due to the small size of the fruit, repeated harvesting, and prolonged ripening period [5].
Phalsa fruit postharvest performance has received very little research, and suggestions on fruit harvest maturity are required because
this factor affects the flavor, customer demand, marketing, and fruit storage life. Second, minimizing post-harvest deterioration is
crucial for providing consumers with super-quality products, storage at low temperature is the most effective means of minimizing the
metabolic and pathological processes that can cause quality loss [6,7].

Certain acidic fruits are good sources of minerals, vitamins C, and A. It is also rich in phosphorus, and carbohydrate, low in fat, and
provide calories [8] and considered to be beneficial in the human diet over the last decades due to the higher content of bioactive
compound such as anthocyanin, flavonoids, phenolic compound, tannin [9,10]. When Phalsa fruits are fully mature, they are purple in
color and may turn black as they ripen on the bushes. Due to its colored fruit and juice (due to the presence of anthocyanin), phalsa is
regarded as an antioxidant in nature. Along with the seeds, the whole fruit is consumed. Fruit with 11-12 % total soluble solids (TSS)
and 3 % acidity, makes up 55 % of the fruit juice weight. Fruits that are ripe are used as fresh or in the form of juices. Baskets can be
made using the phalsa shoot [11]. Phalsas’ medicinal value is because of the presence of different metabolites including saponins,
coumarins, and anthraquinone. The ripe fruit of this plant is used as herbal medicine for stomach upset, diarrhea, intestinal infection,
cough, and jaundice treatment [12,13]. Rheumatism is also treated using phalsa roots. Fruits and barks are mainly known for the
treatment of household remedies of tissues, wound healing, and osteoporosis and are also regarded as having significant medicinal
value [14]. However, phalsa is a perishable fruit with a shorter shelf-life of about 1-2 days after harvest, due to which there is very less
time for further processing. So, served as suitable only for local marketing [15,16].

In India, two different kinds grown namely tall and short (dwarf) are grown, which differ in terms of various chemical and physical
traits viewed in Fig. 1. Juice production is significantly more prominent in the tall variety as it is connected to eatable portions thereby
increasing the number of quantities of total sugars and nonreducing sugars found in the dwarf type. When compared to the dwarf type,
the tall kind possessed greater seed protein, titrable acidity, and reducing sugars [17]. The delicate nature of fruit berries popularly
originates in India and some parts of Southeast Asia including Sri Lanka, Pakistan, and Bangladesh with an inefficient supply chain
[12]. The main cultivation areas for phalsa fruit are Gujarat, Bihar, Tamil Nadu, West Bengal, and Maharashtra while this fruit is grown
in Rajasthan, Punjab, Uttar Pradesh, and Haryana for commercial purposes [18]. One of the founders of plant physiology Nehemiah
Grew gave the name Grewia while Asiatica mirror the Asian origin of this species [19]. In India, each state cultivates phalsa on a very
small scale as a minor crop. Only 30 ha of land in Punjab are covered with phalsa, but this yields an annual production of approxi-
mately 196 tonnes/hectare [20]. Phalsa is a common plant grown in several regions of South India, including Rajasthan, Uttar Pradesh,
Punjab, west Bengal, Haryana, and Madhya Pradesh. Phalsa covers a total area of less than 1000 ha of land. Due to the tiny size of fruit,
protracted its period of ripening, repetitive harvesting, and fruits highly perishable nature, the crop’s popularity is constrained. Apart
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Fig. 1. Nutritional proportion of the tall and dwarf type of Grewia asiatic.
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from India, it is also grown on an experimental basis in some American provinces, including Pakistan, Vietnam, Bangladesh, Nepal, Sri
Lanka, Thailand, and the Philippines [21]. Phalsa has been known by many names such as Phalsa (Hindi, Urdu, Marathi), phulsa
(Kannada), Shukri (Gujarati), Unnu (Tamil), Shukri (Bengali) [22].

Phalsa is mostly grown for its fruit, which is eaten raw or added to drinks and foods. The phalsa is a small tree or shaggy shrub that
grows up to 12-14 feet high, heart-shaped to the oval shape of leaf with approximately 5-18 cm long, and 9-14 cm broad. Small
flowers are arranged in bunches in the leaf forks i.e., in axillary fascicles, each cluster having 2-10 branches i.e., peduncles. It contains
edible round shape fruit with a seed inside the flesh. It typically serves the warm climate and leaf loss in winter. The fruit at full
ripening possesses dark purple and is covered with very thin whitish layer and becomes tender and soft with depressed spots on the
surface with massive and symmetrical housing trichomes [2].

Rich antioxidant content is one of Phalsa’s main pharmacological qualities. The fruit is a rich source of flavonoids, polyphenols, and
vitamins A, C, and E. Strong antioxidants, these substances counteract damaging free radicals in the body and lessen oxidative stress.
This characteristic has a critical role in the prevention of numerous chronic illnesses, such as cancer and heart problems. Phalsa can
reduce inflammation [17]. The potential of its extracts to block the body’s inflammatory processes has been investigated. This
anti-inflammatory action is essential for treating diseases like arthritis and some autoimmune disorders that are brought on by
excessive inflammation. Phalsa’s antibacterial qualities are also well-known. Research has shown that Phalsa extracts have antifungal
and antibacterial properties. This makes it useful for treating illnesses brought on by different microbes in conventional therapy. The
possible hypoglycemic (blood sugar-lowering) effects of phalasa have been studied. Phalsa is good for people who have diabetes or are
at risk of getting it because it contains compounds that may help control blood glucose levels. The fruit’s high dietary fibre content
facilitates digestion and supports gut health. It functions as a natural laxative, encouraging frequent bowel motions and avoiding
constipation. Because of its cooling properties, phalsa is also used in traditional medicine to treat heat-related illnesses and prevent
heatstroke in hotter regions of the world [23]. The objective of this review is to analyze the nutritional profile, bioactive components,
phytochemical characteristics, and possible industrial uses of phalsa. This review discusses the phytochemical properties of phalsa,
including its pharmacological activities, antioxidant activity, anticancer activity, anti-inflammatory activity, radioprotective activity,
anti-diabetes, anti-microbial, anti-malarial, hepatoprotective, anti-hyperlipidemic, and analgesic activity.

2. Nutritional profile of phalsa
Ripe fruits of phalsa contain a high amount of vitamins A, and C approximately (16.11, and 4.38 mg), minerals (calcium 820.32
mg/100g, phosphorous 814.5 mg/100g, and iron 27.10 mg/100g), and fiber however, low in calories and fat. For a healthy life, each of

these elements is necessary [8]. The comprehensive nutrient composition of underutilised fruit, as documented in several studies, is
demonstrated in Table 1.

2.1. Oil in phalsa

The oil found in phalsa is characterised by its bright-yellow color and contains around 5 % free fatty acid. It has a high

Table 1

Nutritional constituents of phalsa fruit.
Nutrients [26] (Georgia, port valley) [8] [27]
Calories (Kcal) 90.50 - 72.00
Moisture (%) 76.30 - 76.30
Fat (g) <0.10 0.90 0.10
Protein (g) 1.57 1.30 1.60
Carbohydrates (g) 21.10 14.70 21.10
Dietary fiber (g) 5.53 1.20 5.53
Ash (g) 1.10 1.10 -
calcium (mg) 136.00 129.00 136.00
Phosphorus (mg) 24.20 39.00 -
Iron (mg) 1.08 3.10 1.08
Potassium (mg) 372.00 - 372.00
Sodium (mg) 17.30 - 4.40
Vitamins (mg)
Vitamin C, Ascorbic acid 4.385 22.00 4.38
Vitamin A 16.11 419.00 -
Vitamin B1, Thiamine 0.02 - 0.03
Vitamin B2, Riboflavin 0.264 - 0.01
Vitamin B3, Niacin 0.825 0.30 -
Minerals (mg)
Iron (Fe) - - 140.80
Copper (Cu) - - 0.48
Zinc (Zn) - - 1.44
Nickel (Ni) - - 140.80
Cobalt (Co) - - 0.99
Chromium (Cr) - - 1.08
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concentration of various components, namely oleic acid (13.5 %), stearic acid (11.0 %), linolic acid (64.5 %), unsaponifiable material
(3 %), and palmitic acid (8 %), as indicated in Table 2 [24,25]. Aside from it, there are also trace percentages of myristic acid, margaric
acid, dihydro malvalic acid, etc. are also present. Phalsa seed is rich/high in triacylglycerol (70.83 %), but low in phospholipids (2.01
%) [25]. Different hydrocarbons and waxes, sterol esters, and triacylglycerols, free fatty acids are all present in phalsa seed oil (1.09 %,
7.91 %, 70.83 %, 2.06 %), different glycolipids (2.50 %), and phospholipids (2.01 %) are also present. Along with tocopherol, phalsa
seed oil also includes a-tocopherol (651.35 mg/100 g), -tocopherols (5.01 mg/100 g), and y-tocopherols (1.08mg/100 g). Contrasting
tocopherols present suggest that phalsa has potent anti-inflammatory capabilities whereas, the sterol profile shows the presence of
p-Sitosterol, fucosterol, and stigmasterol (18.30 mg/100 g, 2.91/100 g, 4.04 mg/100g). Fucosterol. Campesterol, fucosterol, and
cycloartenol are all found in the oil at a trace level [3].

2.2. Proteins and amino acids

Phalsa fruit and seed indicate the symptoms of both non-essential amino acids and essential amino acids [28]. Phalsa fruit and seed
have 18 different amino acids with the maximum concentration of aspartic acid (19.06 %), glutamic acid (11 %), and leucine (11.02 %)
[29]. Amino acid is the main indicator for accessing the quality of protein. Whereas taurine, serine, and phosphoserine is the dormant
amino acid present in phalsa juice and a large amount of aspartic acid, threonine, tyrosine, and glycine [8]. The fruit pulp contains
more concentration of phosphoserine in contrast to all other free amino acids. Essential amino acids are found to be in an excellent
concentration in the peel and pulp. Like: isoleucine (4.4 %), threonine (3.3 %), arginine (9.5 %), and phenylalanine (3.8 %). Moreover,
the fruit of G. Asiatica has a high content of histidine, threonine, and lysine [30].

2.3. Vitamins

Phalsa fruit contains numerous amounts of vitamins. Vitamin C content present in phalsa is around (4.38 mg/100g) which pro-
motes the synthesis of collagen, aids in wound healing, and enhances the absorption of iron from food. Vitamin A (16.11 mg/100g) is a
natural nutrient present in fruit that helps to promote good vision and prevent macular degeneration. Vitamin B1 with (0.02 mg/100g)
helps to maintain heart and nerve function. While, vitamin B2 (0.26 mg/100g), and vitamin B3 (0.82 mg/100g) are also present to
some extent [8].

2.4. Minerals

Phalsa fruit contains a sufficient amount of minerals it helps in monitoring synthesis along with the smooth flow of blood such as
sodium (17.30 mg/100g), potassium (372.00 mg/100g), calcium (136 mg/100g), chromium (0.48 mg/100g), zinc (1.44 mg/100g),
iron (140.80 mg/100g), nickel (2.61 mg/100g), phosphorus (24.20 mg/100g), cobalt (0.99 mg/100g). A great source of sodium, well
it acts as an electrolyte and essential ion to promote enzyme operation and muscle as well and is necessary for blood regulation. The
presence of potassium and protein builds good muscle and strengthens the muscle [8,27]. Total ash, ash soluble in acid, and ash soluble
in water were 3.0, 1.4, and 1.1 %, respectively. A sufficient intake of fiber reduces the risk of obesity, cardiovascular disease, diabetes,
and several types of cancer. Phalsa was analyzed for six micronutrients: Iron, copper, zinc, nickel, cobalt, and chromium on actual fresh
weight and dry weight [27]. The pH value of phalsa fruit that is acidic in nature ranges from 2.7 to 3.3.

2.5. Carbohydrates

The carbohydrate level in phalsa fruit is around 21.10g which constitutes starches, and sugars. It is the primary source to provide
energy for proper functioning and physical activity. The fruit has a sugar concentration of 7.95 % total sugar, 0.99 % reducing sugar,
and 6.96 % non-reducing sugar [2]. Due to its rich source of reducing sugar as it imparts a sweetening effect of about 10-14 % and
specifically lowers the risk of obesity and overweight. A sufficient amount of dietary fiber with 5.53 g/100g contains soluble and
insoluble fiber that reduces the risk of obesity, cardiovascular disease, diabetes, and several malignancies.

3. Bioactive components of phalsa

Phalsa is a rich source of bioactive compounds namely anthocyanin, flavonoid, and tannin content. However, the concentration of
these compounds depends upon different factors such as growing conditions, time of harvest, post-harvest storage, fertilizers used

Table 2

Oil composition in phalsa.
0il Composition (%)
Oleic acid 13.5%
Stearic acid 11 %
Linolic acid 64.5 %
Unsaponifiable material 3%
Palmitic acid 8%
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during extraction, the season of growing, and agronomic practices employed. The phytochemical study focused on screening fruit for
anthocyanin, flavonoids, phenolic acid, vitamin C, and carbohydrate while the seed contains tannin, starch, minerals, and oil [13].
These flavonoids, phenolic content ((4.608 QE mg/g), (144.11 mg GAE/g)), and anthocyanin content (4.882 mg/kg) were observed to
have a considerable amount of antioxidant activity [31].

3.1. Anthocyanin

Anthocyanin is a member of the flavonoid group with water-soluble vacuole pigments present in plants i. e, fruits and vegetables.
Depending on pH they give unique colors to plant and plant parts like red, purple, and blue color of various botanic origin [32].
Anthocyanin is available as a glycoside with respective gylcone and derivative glycosylated [33]. There are several types of antho-
cyanin, however these may be generically classified into six categories: pelargonidin, delphinidin, petunidin, peonidin, malvidin, and
cyanidin [34]. The six categories of anthocyanin are illustrated in Figure (2). The present study of phalsa revealed that the phalsa is a
promising indigenous fruit rich in a total of seven anthocyanins with cyanidin-3-O (6"-acetylglucoside) as an abundant amount of
44-63 %, pelarigonidin-3-0-(6"-acetylglucoside), peonidin-3-O-glucoside with (8-14 %) and (3-30 %), malvidin-3-O-glucoside py-
ruvic acid, delphinidin-3-O-glucoside, pelarigonidin-3-O-malonyl glucoside, peonidin-3-O-(6"-acetyl glucoside) [10]. Additionally, by
assessing total anthocyanin, it has been determined that extract in phalsa fruit contains a high amount of anthocyanin and that it has
potent antibacterial properties as opposed to four separate gram-negative and gram-positive species. The dearth of literature on the
plant mentioned shows that, despite its wide range of applications, it has been treated with astonishing indifference. It was important
to further the research into the fruit pigment in order to enhance the commercialization of phalsa fruit goods. The focus of the current
work is on the identification and quantification of unique anthocyanins from phalsa fruit, taking into consideration their therapeutic
potential relevance and potential industrial application as a natural colorant [34]. Also noted is its solubility in various solvents and
stability at various temperatures when exposed to light and darkness.

3.2. Flavonoid

Flavonoid belongs to the class of polyphenolic (secondary (2°) metabolites) found in relatively all vegetables and fruits. Flavonoids
are typified by 15-carbon atoms consisting of a one-heterocyclic ring and two-phenyl rings [35]. Flavonoids are almost available in
plants in free aglycone and glycoside bonds. The glycoside bond found is the most common flavonol and flavone consumed in the
human diet [36]. Total flavonoid content present in phalsa callus, stem, barks, leaf, etc. Generally; flavonoids are divided into a
number of different groups, six of which are anthocyanin, flavones, isoflavones, flavanones, flavan-3-ols, flavonols [37]. Executed
research on flavonoid content by Ref. [14] in different parts of phalsa extract obtained from stem, and leaf according to vivo and vitro
studies. Flavonoid content in phalsa pomace was assessed to be 12.42 + 0.56 (CE mg/g) [38,39] determined in rind/bark 39.11 +
4.65 mg of flavonoid content leaf extract have highest amount with quercetin in the quantity of 4.28 ng/ul is observed over dry matter.
While the other study revealed that the solvent extract of fruit shows total flavonoid content (GAE) and phenolic content to be 0.13 and
5.25 respectively [40].

3.3. Tannin
Tannin is a soluble astringent complex of polyphenolic biomolecules (secondary metabolites) containing sufficient amount of
Cyanidin
Malvidin __Delphinidin

Pelargonidin Peonidin

Petunidin

Fig. 2. Categories of anthocyanin (i) Cyanidin (R;: OH, Ry: H), (ii) Delphindin (Ry: OH, Ry: OH), (iii) Pelargonidin (R;: H, Ry: H), (iv) Peonidin (R;:
OCHj3;, Ry: H), (v) Petunidin (R;: OCHs, Ry: OH), (vi) Malvidin (Ry: OCHs, Ry: OCHy).
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hydroxyl and carboxyl to form strong complex with other macromolecules. These are widely distributed in plant origin whereas, phalsa
contains tannin in countless amounts in leaves, stems, fruit, root, bark, and seed [41-43]. The tannin content in phalsa pomace is
recorded as 0.5 + 1.25 (g/100g) by Gupta et al. [38] while Elhassan & Yagi [28] reported that the total tannin in phalsa fruit is
1.13-2.46 %. In phalsa fruit, it seems that methanol and acetone extract in tannin inhibit the growth of micro-organisms. Other studies
assume that tannin amount in the leaves, stem, and bark inhibit various micro-organism and therefore, helps in various disease
prevention cancer, cardiovascular, kidney diseases, and diabetes [9,44,45]. Table 3 provides comprehensive information regarding the
potential impact of bioactive substances on human nutrition.

4. Phytochemical properties

Phytochemicals expose the presence of primary metabolites namely essential amino acids, mucilage, alkaloids, saponins, glyco-
sides, steroids, fixed seed oil, and alkaloids [56], while this fruit has been found to contain a variety of secondary metabolites,
including myricetin, naringenin, cyanidin, pelargonidin, and hydroxymethylfurfural, hydroxybenzoic acid [57]. Aqueous extract or
other solvents such as petroleum ether, methanol, distilled water, ethyl acetate, and benzene contain (1.2 %, 13.6 %, 12.5 %, 1.5 %,
1.3 %) are used to extract these phytochemicals. Pharmacognostic estimates 5 % ash along with acid-insoluble ash 2.1 % and
water-soluble ash 2.5 % in leaves. Moreover, phytochemical screening of fruit in methanolic extract shows the presence of carbo-
hydrates, tannins, phenolic compounds, vitamin C, and flavonoids. While fixed oil and flavonoid in ethyl acetate, petroleum ether
extract, and aqueous extract contain tannin, carbohydrate, and phenolic [19]. In addition; ethanol extract from fruit contains different
amino acids namely proline, glutaric acid, lysine, phenylalanine, and carbohydrate such as xylose, and arabinose. Under UV (254 and
366 nm) and visible light, fluorescence properties of the powdered leaves and extracts were seen [56,58].

While a range of secondary metabolites such as cyanidin-3-glucoside, naringenin -7-O-p-p-glucoside, pelargonidin-3,5-diglucoside,
quercetin, quercetin 3-O-p-p-glucoside are the blend that are confined from fruit. Similarly, quercetin 3-O-B-p-glucoside, pelargonidin-
3,5-diglucoside, quercetin, 8-lactone 3,21,24-trimethyl-5,7-dihydroxy-hentriacontanoic acid and naringenin -7-O-p-p-glucoside pre-
sent in flower [59]. Phalsa pomace contains main compounds namely campesterol, a-methyl-I-sorboside, stigmasterol, citric acid
trimethyl ester, and 9,12-octadecadienoic acid methyl ester [60]. Leafy compounds high in kaempferol, quercetin, and a combination
of their glycosides. Betulin, lupeol, lupenone, and friedelin are additionally present in stems and bark [61,62]. Structures of secondary
metabolites and isolated chemicals from phalsa fruit are displayed in Fig. 3.

5. Pharmacological activities of phalsa

Phalsa is a plant that has been shown to have a variety of beneficial impacts on human health and is regarded as being both
nutritionally and therapeutically significant [13]. Various studies carried out over the last years to investigate the pharmacological and
dietary benefits of the phalsa fruit plant [2,62]. Phalsa fruit has also been used as a folk treatment for a variety of ailments. Inflam-
matory conditions as well as respiratory, cardiac, and blood diseases. Different polyphenolic components of the phalsa plant were
found to have significant antioxidant activity (flavonols, phenolic acids, and anthocyanins). The pharmaceutical business is observing
a change in the effectiveness of drug consumption, with synthetic pharmaceuticals being substituted with natural plant-based solutions
more frequently due to consumers’ growing opposition to medical aliments to drug-based treatment [63]. Due to their high phyto-
chemical content, plant-based changes to synthetic medications are thought to have improved disease-preventing abilities. Phalsa fruit

Table 3
Role of bioactive compounds in human nutrition.

Bioactive Component Role in Human Nutrition Functional Properties Applications References

Antioxidants (Vitamin C, Protects cells from oxidative damage, supports Antioxidant, anti- Dietary supplements, [46]
Polyphenols) immune system, may reduce chronic disease risk inflammatory, anti-cancer functional foods

Dietary Fiber Aids digestion, promotes bowel regularity, supports  Digestive health, satiety Fiber supplements, bakery [47]

weight management products
Phenolic Compounds Antioxidant, anti-inflammatory, potential anti- Antimicrobial, anti- Nutraceuticals, herbal [48]
cancer effects inflammatory medicines

Minerals (Calcium, Iron, Essential for bone health, blood circulation, nerve Electrolyte balance, enzyme Fortified foods, mineral [49]
Potassium) function cofactors supplements

Carotenoids (Beta- Precursors to vitamin A, important for eye health Antioxidant, vision support Nutritional supplements, [50]
Carotene) baby foods

Tannins Astringent taste, potential antimicrobial effects Antioxidant, anti- Traditional medicines, [51]

inflammatory food preservation

Phytochemicals Antioxidant, anti-inflammatory, potential anti- Antimicrobial, immune Herbal remedies, dietary [52]
(Quercetin, cancer effects support supplements
Kaempferol)

Vitamins (B-Complex, Essential for energy metabolism, blood clotting, and ~ Coenzymes, bone health Nutritional supplements, [53]
Vitamin K) overall health fortified foods

Omega-3 Fatty Acids Heart health, cognitive function Brain development, anti- Fish oil supplements, [54]

inflammatory functional foods
Protein Building blocks for tissues, enzymes, and hormones ~ Muscle repair, enzyme Protein supplements, [55]

function

sports nutrition
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HO

I HO OCH3
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Fig. 3. Secondary metabolites isolated from G. asiatica: (1) Naringenin -7-O-f-p-glucoside, (2) Quercetin, (3) Quercetin 3-O-p-b-glucoside, (4)
Pelargonidin-3,5-diglucoside, (5) Cyanidin-3-glucoside, (6) 5-lactone 3,21,24-trimethyl-5,7-dihydroxy-hentriacontanoic, (7) Citric acid trimethyl
ester, (8) a-methyl-I-sorboside, (9) Stigmasterol, (10) Campesterol (11) 9,12-octadecadienoic acid methyl ester, (12) kaempferol, (13) Betulin, (14)
Friedelin, (15) Lupeol, (16) Lanost-9 (11)-en-12-one.
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has traditionally been utilized for its radioprotective, anti-inflammatory, anti-microbial, and anticancer properties, including the
treatment of heart disease as shown in Table 4.

Table 4
Pharmacological effect of Phalsa.
Pharmacological Mode of action Reference
activities
Antioxidant The fruit exhibits free radical scavenger’s activity with different fractions, inhibit DPPH, FRAP, ABTS and [43,58,64,65]
isolation of phenolic content.
Anticancer The fruit and leaves inhibit five different cancer cell lines NCI-H522, MCF-7, HEK-293, HELA, HEP-2. [66]
Methanolic extract of phalsa increases the life expectancy of (EAC) Ehrlich’s ascites carcinoma tumor bearing ~ [38]
mice and inhibit chronic myelogenic leukemia (K-562), breast adenocarcinoma (MCF-7), severe myeloblastic [66]
leukemia (HL-60), cervical epithetlial carcinoma (HELA) with ICso. [67]
Anti-inflammatory Orally administration of methanolic extract of phalsa constitutes reduce swelling (p < 0.01) carrageenan- [68]
induced edema rat paw. [69]
The hydrolyzed polysaccharides from phalsa leaves have an anti-inflammatory impact on adult albino rats with
paw edema. Methanol and water used as solvent for extraction from dried roots.
Radioprotective The amount of spermatogonia “A,” spermatogonia “B", spermatid, and spermatocytes results were remarkably ~ [70]

Anti-diabetes

Antimicrobial

Anti-malarial

Anti-hyperlipidemic

Analgesic activity

higher in mice that are treated with phalsa extract over a 30-day period in contrast to the standard group of
Phalsa.

Mice were slaughtered at various time interval (1, 3, 7, 15, 30 days) and the cerebrum were examined to
determine levels of lipid peroxidation (LPO), proteins, and glutathione (GSH).

Based on various groups: group 1, Group 2, group 3, group 4. Mice was treated with different doses of
supplement for 15 consecutive days under 5 Gy of gamma radiation.

Extraction of phalsa plant show effect on STZ-induced hypergylcemic rats and liver glycogen, serum glucose,
superoxide dismutase, reduced GSH were administrated orally to mice.

Methanolic extract of leaves decreased the blood glucose level in treated alloxan induced diabetic wister rats.
And inhibit a-amylase and a-glucosidase

Stems, leaves, and fruit of the phalsa plant stimulate insulin, antioxidant activity, and radical scavenging.
Methanol extract of phalsa pulp and peel used to isolate polyphenolics content which was furthermore divided
into groups: neutral fraction A, neutral fraction B to analyzed antimicrobial effect.

Gram-positive bacteria are more susceptible to crude extract and bioactive constituents when exposed to phalsa
pomace extract than gram-negative bacteria.

Phalsa leaves exhibits antimalarial activity and emetic action of about 69 % and 59.69 %.

Crude alcoholic extract in phalsa fruit was found non-toxic in mice and cause antiemetic effect in dogs
Phalsa leaves consist of strong antihyperlipidemic action and low in cholesterol level.

Methanolic extract of phalsa fruit lowers the level of triglyceride, cholesterol, blood coagulation, low density
lipoprotein.

Methanolic extract in bark of phalsa plant reduces triglyceride, total cholesterol, increase in high density
lipoprotein and very low-density lipoprotein in rats

Phalsa root bark was tested using an Eddy hot plate and an acetic acid-induced writhing test with aqueous
extract showed stronger analgesic effect as compared to methanolic extract.

Ahaskar & Sharma
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[711
[72]
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[73]
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5.1. Antioxidant activity

Phalsa contains high content of antioxidants including Vitamin C, total phenolic, anthocyanin, flavonoid, and tannin [58]. Radical
scavengers of different fractions are anthocyanin, flavanols phenolic acid, and flavonols. The role of polyphenols in fresh phalsa
samples have potent in vitro antioxidant activity which is involved in heart diseases (hepatitis and Mellitus). More recent research [43]
from earlier studies observed that the antioxidant content in freeze dried fruit is higher than the fresh form and also these freeze-dried
fruits have high levels of total phenolic and flavonoid content (294.453 + 4.696 mg GAE/g, and 116.96 + 10.71 mg GAE/g)
respectively. Polyphenolic content was separated from crude methanol extract of phalsa peel and pulp. The extract is further divided
into two different proportions anthocyanin, and flavanols proportion. While the study by Ref. [31] explained that the antioxidant
properties of a methanol extract with a higher amount of total phenolic acid, flavonoid content, total anthocyanin content (144.11 mg
GAE/g, 4.608 QE mg/g, 4.892 mg/kg) as compared to another solvent. Other parts of the phalsa plant also vary in antioxidant
properties as pomace of phalsa fruit evaluate tannin, saponins, flavonoids, and alkaloids content compared to dry matter were 0.52 +
1.25g/100g, 1.05 + 0.96 g/100g, 12.42 + 0.56 mg/g, and 1.56 + 1.2 g/100g respectively. These results indicates that even the waste
pomace contain significant amount of antioxidant properties. Significantly the antioxidant activity of storage fruit decreases, seed size
reduces from 49.0 to 19.4 TEAC mol/g, pulp from 56.1 to 25.8 TEAC mol/g, and peel size 87.8 to 33.13 TEAC mol/g. The aqueous
extract of phalsa fruit comprises flavonoid content (5.25 GAE/g) and phenolic content (0.13 GAE/g) respectively. So, researchers
suggest the factors that the antioxidant activity in phalsa (anthocyanin, total tannin, total phenolic, total flavonoid content) depends
on its growing period/conditions (climate and soil), fertilizer used, its maturity, post-harvest condition, storage conditions, season and
solvent used for extraction [45,69]. Other components of the phalsa plant such as flower and bark have similar high antioxidant
content [39,45]. Whereas, roots have high antioxidant content of about ABTS (96.42 + 2.17 %), DPPH (82.6 + 5.66 %), FRAP (82.53
+ 3.16 %) [65].

5.2. Anticancer activity

Fruits and leaves of the phalsa plant inhibit significant anticancer activity against cancer cell lines. Methylthiazolyl tetrazolium
(MTT) determined vitro cytotoxin/anticancer activity makes use of Breast cell line MCF-7, epidermal Kidney cell line HEK-293,
Cervical cell line HELA, Laryngeal cell line HEP-2, Lung cell line NCI-H522. Fruit extract can be found to be effective on the breast
(MCF-7) (ICso = 58.65 pg/ml) and lung (NCL-H522) (ICso = 59.03 pg/ml) cancer cell line, moreover, the extract of the leaf will be
significantly active at Laryngeal (HEP-2) (ICso = 61.23 pg/ml and breast (MCF-7) (ICso = 50.37 pug/ml) [66]. All this revealed that
leaves and fruit extract are considered important against the balancing of human cancer. The vitro cytotoxic and vitro antitumoral
activities of methanol extract of phalsa leaf against Ehrlich’s ascites carcinoma (EAC) cells were assessed by methylthiazolyl tetra-
zolium assay against four human cell lines; HELA, MCF-7, HL-60, K-562 with 50 % (ICso) values of 177.8, 199.5, 53.70, 54.90 pg/ml
respectively [76,77]. Phalsa with a concentration of 250-500 mg/kg methanolic extract to male swiss albino mice maximize the life
expectancy of (EAC) Ehrlich’s ascites carcinoma tumor bearing mice is 41.22 %-61.06 % respectively. It was known to be that fruit
abolished the breast cancer cell line except for cervical (HELA), and laryngeal (HEP-2) cancer cell lines [66].

5.3. Anti-inflammatory activity

Inflammation is caused when physical factors trigger an immune system [78]. Phalsa fruit contains a strong anti-inflammatory
effect, and screened with methanolic extract in fruit (250 mg/kg and 500 mg/kg) orally and show significantly (p > 0.1) which re-
duces lump in carrageenan-induced edema in the rat paw. Phalsa plant roots that is dried and then extracted subsequently using
methanol and water as a solvent (200 mg/kg and 400 mg/kg) orally and shows significant (0.1 ml 1%wt/vol) to carrageenan-induced
edema in rat paw and under positive control (indomethacin 19 mg/kg) [68]. All this reported that changes after 3 h the methanolic
extract (59.14 %) of roots of phalsas’ shows higher anti-inflammatory content in comparison to aqueous extract (53.04 %). So, it is
examined that methanolic extract shows stronger anti-inflammatory activity than aqueous extract. When given orally to adult albino
rats with Paw edoema, hot hydrolyzed polysaccharides and cold hydrolyzed polysaccharides (82 %, (69 %) had an anti-inflammatory
effect [69].

5.4. Radioprotective activity

Despite its favorable advantages, nuclear radiation is being used more frequently for human welfare, so it is necessary to look into
its side effects. Radiation biology’s main concern is the search for chemical compounds that can shield people from ionizing radiation
[79]. The mice were separated into groups: group 1 get no treatment, group 2 received a daily supplement dose of 700 mg/kg for 15
days, and group 3 (control) accept distilled water administered orally for 15 days similar to the extract before being exposed to 5 Gy of
gamma radiation and group 4, to which the extract was supplied orally for 15 consecutive days, and exposed to a single dosage of 5Gy
of gamma radiation, once every day [80] Mice sacrifices were made at various elevation times (1, 3, 7, 15 and 30 days). Brains were
taken out to estimate glutathione (GSH) and Lipid peroxidation (LPO). Previously in vitro and in vivo studies of phalsa plants showed
certain plant sections had radioprotective properties because of the presence of a wide variety of physiologically active substances.
When tested on mice, phalsa fruit pulp powder showed the radioprotective effect. The dose administered to the mice was 700 mg/kg
bw for fifteen days. In addition to lowering LPO and raising GSH (glutathione) levels in the brain of mice, the fruit pulp powder also
shielded the test mice’s brains against oxidative damage [80]. Phalsa extract has been shown to have potential as a radiation exposure
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prophylactic in other in vitro and in vivo experiments. In mice brains, extract of phalsa fruit (700 mg/kg bw) dramatically decreased
GSH and LPO levels as compared to controls, according to a study by Sharma & Sisodia [81]. In addition, the extract demonstrated
potent radical scavenging and radioprotective properties in protein carbonyl tests. The number of spermatocytes, spermatogonia “A,”
spermatogonia “B,” and spermatid count were basically higher in mice that are treated with extract over a 30-day period as compared
to the command group in a subsequent by Sharma & Sisodia [82]. Its conclusion is that phalsa fruit extract is also likely to protect mice
testes from radiation. This was again supported by Singh et al. [70]; that demonstrated the phalsa fruit shield tested mice’s blood
against radiation-induced changes.

5.5. Anti-diabetes

A hereditary condition known as diabetes mellitus causes blood sugar levels to consistently rise below 7.0 mmol/L (126 mg/dl)
(WHO, 2006). Polydipsia, polyphagia and Polyuria, polyphagia, polydipsia, and weight reduction are all signs of the illness. By 2030,
diabetes mellitus is expected to overtake smoking as the seventh largest cause of death globally, according to WHO (Bennett et al.,
2018). Amazingly, according to the International Diabetes Federation, there were 382 million documented cases of diabetes world-
wide, and that number will rise to 592 million by the year 2035. Among them, 65.1 million persons with diabetes in the 20- 79-year age
range live in India alone. India is sitting on a diabetes volcano as it approaches numbers that are expected to be reached by 2030 [83]
and research indicates that diabetes and hygiene are linked to 2.6 % of all health problems. However, multiple studies have found that
some plants, including the phalsa plant, contain antioxidant and phytonutrient qualities that may be useful in the treatment of the
disease [84].

Additionally, antihyperglycemic action was observed in the fruit, stems, and leaves of phalsa plant in a study [71]. Most solvent
extracts (aqueous, chloroform, methanolic, butanol, ethyl solvent) were orally administered of about (100 g/kg) alloxan-induced
hyperglycemic rabbits (up to 200 mg/kg bw) for a span of 24 h. It can be depicted from the study that every extract decreased the
triglycerides, blood glucose, and blood cholesterol levels over ground herbal drugs of phalsa bark in alloxan and normal induced
diabetic rabbits, the result was greatest for the water-based extract. It’s interesting to note that the phalsa fruit has greater blood
glucose lowering effects than the bark and leaves of the plant. According to Khattab et al. [72]; this antihyperglycemic was brought on
by a number of causes, including insulin, stimulation, antioxidant activity, and radical scavenging. Streptozotocin (STZ)-induced
hyperglycemic rats, the phalsa fruit was used for the screening of antihyperglycemic properties. Rats received oral administration of a
phalsa fruit methanolic extract (100-200 mg kg-1 day-1 bw) for 28 days, during which time decreased GSH, liver glycogen, serum
glucose, superoxide dismutase, and malondialdehyde activity assessed by Khattab et al. [72]. In a different study, Patil et al. [59]
described the antihyperglycemic efficacy of phalsa leaf extract in alloxan-induced diabetic Wister rats. When compared to the standard
control treatment (glibenclamide 10 mg/kg bw), the study showed that the methanolic parts of leaves (200 mg/kg bw) decrease the
glucose level in blood-treated alloxan-induced diabetic wister rats. Moreover, fresh phalsa fruit was shown to have an inhibitory effect
against a-amylase and a-glycosidase by Ref. [5]. Aqueous fresh fruit extract was found to have strong anti-glycosidase (IC50 0.41
mg/ml) and weak anti-amylase (IC50 8.93 mg/ml) activity. Hyperglycemia in pancreatic p-cells causes metabolic disturbances that
lead to diabetes mellitus, a chronic illness. Type 1 diabetes mellitus, or insufficient insulin synthesis by the pancreas, or Type 2 diabetes
mellitus, or insufficient insulin production in the face of insulin resistance, can both result in hyperglycemia [23]. The antidiabetic
properties of phalsa fruits were further proven in a vitro work [38] which revealed that the pomace of the fruit had a powerful
antidiabetic impact and suggested possible uses for the fruit in the treatment of diabetes. The study’s findings demonstrated that
aqueous acetone extracts (80:20 vol/vol) had superior anti-diabetic effects than aqueous methanol extracts (80:20 vol/vol) and ex-
tracts from mixed solvents, such as water, ethanol, and hexane (10:80:10 vol/vol) extracts. Mixed solvents (85.20 mg/ml), methanol
(45.70 mg/ml), and acetone (138.10 mg/ml) were the three extracts with the highest antidiabetic effects (measured by alpha-amylase
inhibition). Another investigation into the phalsa plant’s leaf extract discovered that phalsa leaf extract (200 mg/kg and 500 mg/kg),
when administered orally for 21 days to streptozotocin-induced and control rats (50 mg/kg bw), decreased blood glucose levels in a
dose-dependent manner and also increased the animals’ glucose tolerance [85].

5.6. Anti-microbial

Anti-microbial used for the treatment of pustular eruptions and skin rashes, phalsa leaves are employed because they have anti-
microbial activity. The phalsa plant has an abundant amount of biologically active substances that enables it to suppress of bacteria
from a number of different mechanisms. The phalsa plant leaves’ ethanolic extract can inhibit 9 different fungal strains, including
Macrophomina phaseolina, Aspergillus effuses, Aspergillus parasiticus, Trichophyton rubrum, Aspergillus niger, Candida albicans, Yersinia
aldovae, Saccharomyces cerevisiae, and Fusarium solani according to research the use of agar-disc diffusion method. Eight harmful
bacterial species, including Salmonella typhi, Micrococcus luteus, Escherichia coli, Bacillus subtilis, Pseudomonas aeruginosa, Proteus mir-
abilis, Staphylococcus aureus, and Citrobacter species. appear to be inhibited by the extract as well [86]. Similar findings were found in
another study by Ref. [87]; in which the writers showed that the leaves of the phalsa plant had potent non-bacterial activity against
antifungal activity against yeast (Saccharomyces cerevisiae), gram-positive bacteria (Bacillus subtilis), gram-negative bacteria (Pseu-
domonas aeruginosa). According to other studies testing the bark and fruit of phalsa plants against a variety of bacterial strains (Sal-
monella typhi, Bacillus subtilis, Proteus vulgaris, Streptococcus pneumoniae, Staphylococcus aureus, Shigella dysenteries, Staphylococcus
epidermidis, Escherichia coli, and Proteus mirabilis), only three of the bacterial strains tested exhibited strong inhibitor Escherichia coli,
Proteus vulgaris, and Staphylococcus epidermidis all recorded inhibitory zones of 6.51 + 0.40 mm, 6.33 4+ 0.48 mm, and 7.33 £+ 0.85 mm,
respectively [88].
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Phalsa pulp and peel crude methanol extracts were used to isolate polyphenolics into a portion of ethyl acetate. Additionally, three
groups are formed: neutral fraction A, which contains additional flavanol and polyphenolic compounds; neutral portion B, which
contains the flavonols, and acidic phenolics fraction, and the anthocyanin fraction. The significant fractions were examined for anti-
microbial activity. every fraction revealed strong antibacterial action, with the exception of the anthocyanin-containing portion. The
most delicate among the Gram-positive strains, Staphylococcus aureus was present, while among the bacteria that are Gram-negative
Salmonella typhi was the strain that was most prone to this. Fraction accommodates polyphenols and other flavonols was known for its
antimycotic activity. Trichophyton rubrum and Trichophyton mentagrophytes both showed no signs of growth. The fact that the fractions
inhibit certain Aspergillus strains suggests that the compounds in the fractions may be useful in preventing the development of af-
latoxins in food products. The antifungal activity of the phenolic acid fraction, which was shown to be the most potent, was further
examined against six different fungi, including (Aspergillus flavus, Penicillium notatum, T. rubrum, Aspergillus niger, T. mentagrophytes,
and Microsporum gypseum). All of the examined fungus species were significantly suppressed by the fraction [64]. Staphylococcus
epidermidis, Bacillus subtilis, Streptococcus pneumoniae, Staphylococcus aureus, and six Gram-negative strains of Salmonella typhi para-A,
Escherichia coli, Proteus vulgaris, Salmonella typhi para-B, Shigella dysenteriae, and Proteus mirabilis can all be effectively treated with an
ethanol extract of phalsa fruit and bark [88]. Fungal strains Aspergillus fumigatus and Candida albicans as well as 5 bacterial (Bacillus
subtilis, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia, and Staphylococcus aureus) have been found to be inhibited by
methanolic and aqueous root extract [65]. The researchers discovered that a methanolic extract of the phalsa flower (20 mg/ml)
reduced the growth of four bacteria: Pseudomonas aeruginosa (3.3 0.04 cm), Escherichia coli, Salmonella abony, and Vibrio cholera (3.0
0.08 cm) [45].

5.7. Anti-malarial

It has been demonstrated that methanolic leaf extract possesses antimalarial and antiemetic properties, as stated by Zia-Ul-Haq
et al. [61]. The study recommended that phalsa leaves may contain antiemetic and antimalarial medications. The crude methanol
extract exhibited 69.0 % suppression of malarial activity. Male chicks were administrated with methanolic extract at doses of 50 mg/kg
and 100 mg/kg, and the percentages of emetic action inhibition were 39.15 % and 59.68 %, respectively. Another study by Yageen
et al. [74] assessment of the antiemetic properties of alcoholic extracts of the fruits of Grewia asiatica in dogs, while acute oral toxicity
tests were done on mice and rats. In rats and mice, doses of extract of crude alcohol of 200 mg/kg and 600 mg/kg were shown to be
non-toxic. Dogs were given an antiemetic effect from an oral dose of the crude alcoholic extract (120 mg/kg body weight) for 3 h. The
centrally acting apomorphine (0.044 mg/kg body weight) produced emesis. This activity was comparable to commonly used com-
mercial anti-emetic drugs such as Largactil (chlorpromazine) and Maxolon (metoclopramide). Apomorphine (0.044 mg/kg body
weight) centrally caused emesis. This activity was equivalent to widely used commercial anti-emetic medications such as Maxolon
(metoclopramide) and Largactil (chlorpromazine).

5.8. Hepatoprotective

The hot and cold fractions of polysaccharide isolated from the phalsa plant have strong hepatoprotective and curative effects;
however, the hot fraction containing galacturonic acid has the highest significant protective and curative activity on the hepatotoxicity
of CCl4, suggesting that the presence of uronic acids in the polysaccharide complex may enhance the hepatoprotective effect. Liver
damaged mice pre-treated with the oral dose of isolated polysaccharide for 7 days with (100 mg/kg bw). In comparison to the standard
drugs Silymarin (25 mg/kg) administration of the extract and drug was carried out after liver damage for another 7 days, the
conclusion showed that both hot and cold hydrolyzed polysaccharide extracts significantly reduced alanine aminotransferase (hot:
31.2+1.1-39.2 + 1.3 U/L and cold: 33.4 + 1.2-47.4 + 2.1 U/L) and liver aspartate aminotransferase (hot: 36.3 + 1.2-46.1 + 2.3 U/
L, cold: 38.4 + 1.6-53.8 + 2.2 U/L) [69]. Serum AST, ALT, ALP were measured, in addition to protective effects, pre-treatment with
various plant extracts reduced the levels of the biochemical markers AST, ALT, and ALP in the groups that received whole ethanol,
polysaccharides, ethyl acetate, and aqueous ethanol extracts in liver-damaged rats as compared to silymarin [17,89].

5.9. Anti-hyperlipidemic

Phalsa leaves have potent antihyperlipidemic properties (Abou et al., 2005). Induced hyperlipidemic rats were used in the
investigation, whose measurements revealed that leaves of phalsa had the result of reducing the level of cholesterol inside manipulated
rats. In the study, however, did not evaluate the mode of action or active ingredients indulged. More recently, the study of two animals
found that the plant phalsa has antihyperlipidemic properties and also identified the key active ingredients [39,75]. Norwegian rats
were administered with the methanolic extract of phalsa plant bark (200 mg/kg and 400 mg/kg bw) for 15 days. This lowers the rats’
density of lipoproteins (76.3 + 4.32-16.3 + 2.94 mg/dl), total cholesterol (136.7 + 14.7-67.3 + 8.04 mg/dl), very low-density li-
poproteins (23.13 + 1.1-15.4 4+ 0.74 mg/dl), and triglycerides. In contrast, more density lipoprotein levels rose in the tested rats (5.7
+ 1.77-34.3 £ 2.01 mg/dl) [39]. Research for aqueous (MeOH) methanolic extract with (30:70) of fresh fruit of the phalsa plants
remarkably decreased triglyceride, cholesterol, blood clotting, and low-density lipoprotein (activated partial thromboplastin, pro-
thrombin, fibrinogen, and thrombin) while more density of lipoprotein in hyperlipidemia rats [75]. This finding is consistent with
[391.

11



S. Kaur et al. Heliyon 10 (2024) 25046

5.10. Analgesic

Using the acetic acid-induced writhing test and Eddy’s hot plate test paradigm, the central and peripheral analgesic effects of
aqueous and methanolic extracts of phalsa root bark have been assessed. Oral root bark extracts were administered to male Swiss
albino mice. According to the results of the acetic acid-induced writhing test model, the central analgesic (Eddy’s hot plate test)
revealed no result for any treatment and have positive control after 180 min, while the aqueous extract (400 mg/kg bw) had a
maximum analgesic effect at 46.24 % in contrast to the methanolic extract (400 mg/kg bw) at 41.14 % and the allusion to drug
indomethacin (10 mg/kg bw) at 41.14 [68]. Overall, the study’s conclusions showed that both the aqueous and methanolic extracts
had a potent analgesic effect. Phalsa fruit extract has shown analgesic efficacy (Debajyoti et al., 2012). Similar to the earlier work, the
acetic acid-induced writhing test and hot plate test were allowed to assess analgesic properties. Phalsa fruit aqueous extract given to
Swiss albino mice at doses of 100-400 mg/kg bw led to results similar to the positive control.

6. Potential industrial applications of phalsa
6.1. Functional ingredient in the food industry

Phalsa berries are used as functional food components in the formulation of different products. When ripen, phalsa berries are
frequently eaten fresh after a quick wash, in sweets, or after being transformed into different drinks and beverages contributing
nutritious value and health-promoting properties and sensory characteristics [90]. Phalsa can be used to prepare various value-added
products in order to increase its shelf life, phalsa pickles can be prepared by immersing mature, somewhat unripened entire fruit (green
in color) into vinegar or oil. By gently boiling the unripe fruit in sugar syrup, it can also be used to make phalsa preserve. Throughout
the summer, phalsa berry-based beverages and fresh juice are highly popular in the local markets of the Indo-Pak Subcontinent. After
being separated, the pulp is diluted in water with sugar and salt. The beverage is thought to provide a cooling effect against the humid
tropical weather [9].

According to reports, phalsa juice ferments extremely quickly, and the only ways to prevent this are by processing or using artificial
preservatives like potassium metabisulphite or sodium benzoate [91]. The latter may additionally systematically have a bleaching
impact on the product’s color. So, sodium benzoate is suggested as a preservative regarding phalsa goods. Techniques for long-term
processing and storage, such as the thermal pasteurization of juice and beverages made with phalsa cause significant reductions in the
natural fragrance. This issue can be resolved by utilizing practice of biological aroma release. Phalsa juice is either given an enzyme
called glucosidase, or the juice with the enzyme that has been immobilized to increase the content of aroma components like pinenes,
terpenes, Linalool, as well as certain lactones linked to another compound. To extract phalsa juice, ripe fruits are washed followed by
the addition of water in a 1:0.5 ratio and heating for softening of the fruit. After heating, crushing is done by passing through a pulper
which is then strained to separate juice and residual particle. RTS phalsa drink can be prepared by mixing extracted juice with syrup
(sugar + water + citric acid) followed by heating to get the proper consistency. The preservative can also be added to increase the shelf
life of prepared products, then, juice can be poured/filled in bottles followed by pasteurization for 15 min at 85 °C. Another val-
ue-added product that can increase consumer attraction on a sensory basis is carbonated phalsa beverages. Phalsa squash is a different
food made from fruit pulp and sugar syrup, the method of preparation is the same as that of RTS phalsa drink, but TSS is maintained at
40-50 %, fruit juice 25 %, and 1.0 % citric acid [92]. Jam made from phalsa leaves, fruit pulp, and sugar can be combined to be used as
a topping for baked goods. Phalsa leaves and fruits can be used to make a tasty and healthy herbal tea by boiling them in water [93].

6.2. Medicinal applications

In addition to being a food source, Phalsa is also a herbal remedy that can be used to treat a number of ailments. The fruit has been
used as a folk remedy as a cooling, stomachic, and astringent agent [62]. It has been claimed that when unripe, it relieves was given to
people with respiratory and cardiac, and blood disorders, in addition to fever [94]. Bark and roots have been used as an infusion to
treat rheumatism as a demulcent [61]. Leaves were applied to erupted skin problems. Bark was used for the treatment of wounds,
ulcers, leprosy, cough, gonorrhea, earache, and headache [62]. The quantity of therapeutic studies conducted on several components
of this plant, including the stem, leaves, and fruits. The fruits can also be used to treat various disorders throat, tuberculosis (TB), and
sexual impotence., as well as for thirst, anorexia, indigestion, spermatorrhoea, asthma, toxaemia, diarrhea, stomatitis, and hiccough.
Additionally, the fruit has a radioprotective effect. Anticancer activity liver and breast cancers are resistant to the aqueous extracts of
fruits and leaves. As a result, phalsa fruit and leaf extracts can be used to treat human cancer. Fruit might help with throat issues as
well. Phalsa seeds are said to contain abortifacient and anti-implantation properties, acting as an antifertility agent. Its juice can be
used to treat diabetes because it has a low glycemic index. Foods with a low glycemic index break down carbohydrates more slowly.
Additionally, it is believed that foods with a low glycemic index reduce the incidence of obesity and coronary heart disease [9].

6.3. Animal fodder

In dry locations, shrubs are valued as genetic resources for supplemental fodder. Fresh leaves are prized for their nutritional value
and composition as animal fodder. One plant can provide around 1.47 kg of green biomass for feeding purposes. The leaves with
12.50% crude protein, 24.09% cellulose, 20.86% lignin, 63.42% NDF, 48.68% ADF, and 8.95% ash based on dry weight content are all
considered ideal fodder [20].
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6.4. Other uses

Leaves of phalsa plants are used as animal fodder. In some places, the bark is utilized as an alternative to soap. To clear sugar and
jaggery, the bark’s mucilaginous extract is employed. The rope is made from fiber that has been removed from the bark. The wood is
fine-grained, yellowish-white, sturdy, and flexible [95]. The pruned branches are employed to make baskets, support sticks, and fuel
wood. A long-chain keto alcohol called grewinol is present in the flower. It is used for archer’s bow, shingles, poles, and spear handles
for carrying the burden on the shoulders [21].

7. Current and future prospective

Phalsa fruit has recently demonstrated great potential as a conventional and practical food ingredient for the development of
innovative food preserves and beverages. At present, the fruit of the phalsa plant is primarily employed for the formulation of popular
goods on a small-scale, even domestic level. Berries of phalsa plant are most frequently grown wild or only for shorter periods it
appears in the market due to 1-2 days of life period. For advertising, it is necessary to produce these berries in a more structured way if
industrial-scale processing is to be done with them. Fruits of desirable quality may result from this method, which will assist in
minimizing berries postharvest losses accomplished keeping in mind its deliberate use. Additionally, the creation of recent cultivars for
larger fruits, increased yield, quality, sweetness, and flavor; insect resistance, and ability to cultivate in colder climates. Despite
minimal efforts to increase an appropriate cold supply network to ensure supply to far-off markets.

8. Conclusion

Phalsa fruit contains several bioactive compounds such as anthocyanin, flavonoids, and tannins, which contribute to its significant
functional properties. Moreover, this berry fruit may effectively be utilized in many pharmaceutical applications such as alleviating
stomach upset, treating intestinal infection, suppressing cough, managing diarrhea, and addressing jaundice by controlling the gly-
cemic index. Phalsa has physiologically active compounds that have been discovered in many parts of the plant. Research suggests that
these components contribute to antioxidant, antidiabetic, radioprotective, antibacterial, anticancer, and anti-hyperlipidemia prop-
erties. The limited utilization of phalsa is mostly attributed to its short shelf life and the diminutive size of the phalsa fruit, despite its
potential in elucidating the functional importance of many bioactive compounds present in phalsa plants. The potential benefits of
Phalsa should not be ignored, despite its potentially lower marketability compared to some other produced commodities. Phalsa is
being processed on a small scale to produce many marketable products, including squash, jam, drinks, juice, and syrup. Therefore,
there is a need for further studies focused on the phalsa plant, particularly in relation to the utilization of advanced techniques to
improve its nutritional composition and overall quality.

Funding information
National Research, Development and Innovation Fund of Hungary: TKP2022-NKTA-32.
CRediT authorship contribution statement

Simrat Kaur: Writing — original draft, Visualization, Validation, Resources, Methodology, Investigation, Formal analysis. Rafeeya
Shams: Writing — review & editing, Writing — original draft, Validation, Supervision, Resources, Project administration, Methodology,
Investigation, Formal analysis, Data curation. Kshirod Kumar Dash: Writing — review & editing, Writing — original draft, Visuali-
zation, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal
analysis, Data curation, Conceptualization. Vinay Kumar Pandey: Validation, Software, Formal analysis. Ayaz Mukarram Shaikh:
Writing — review & editing, Visualization, Software, Resources. Endre Harsanyi: Writing — review & editing, Visualization, Validation,
Software, Resources. Béla Kovacs: Writing — review & editing, Visualization, Validation, Software, Resources.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] A.B. Ray, K. Bala, Bioactive compounds and health benefits of phalsa: an underutilized fruit, Food Bioactives: Functionality and Applications in Human Health
109 (2019), 9780429242793-9780429242795.

[2] J. Sinha, S. Purwar, S.K. Chuhan, G. Rai, Nutritional and medicinal potential of Grewia subinaequalis DC. (syn. G. asiatica.) (Phalsa), J. Med. Plants Res. 9 (19)
(2015) 594-612, https://doi.org/10.5897/JMPR2015.5724 (Syn,G.asiatica.).

[3] R.S. Khan, W. Asghar, N. Khalid, W. Nazir, M. Farooq, I. Ahmed, Q.A. Syed, Phalsa (Grewia asiatica L) fruit berry a promising functional food ingredient: a
comprehensive review, J. Berry Res. 9 (2) (2019) 179-193, https://doi.org/10.3233/JBR-180332.

[4] W. Ullah, G. Uddin, B.S. Siddiqui, Ethnic uses, pharmacological and phytochemical profile of genus Grewia, J. Asian Nat. Prod. Res. 14 (2) (2012) 186-195,
https://doi.org/10.1080/10286020.2011.639764.

13


http://refhub.elsevier.com/S2405-8440(24)01077-6/sref1
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref1
https://doi.org/10.5897/JMPR2015.5724
https://doi.org/10.3233/JBR-180332
https://doi.org/10.1080/10286020.2011.639764

S. Kaur et al. Heliyon 10 (2024) 25046

[5]
[6]

[71
[8]

[91
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]
[22]

[23]
[24]
[25]

[26]
[27]

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]
[37]

[38]
[39]
[40]
[41]
[42]

[43]

[44]
[45]
[46]
[47]
[48]

[49]
[50]

D. Das, A. Mitra, D. Datta, A. Saha, J. Hazra, Evaluation of antipyretic and analgesic activity of parusaka Grewia asiatica (phalsa) linn: an indigenous Indian
plant, Int. J. Res. Ayurveda Pharm. 3 (4) (2012) 519-524.

H. Hassan, M. Amin, I.A. Rajwana, S. Ullah, K. Razzaq, H.N. Faried, H.W. Sahar, Nutritional functions and antioxidative enzymes in juice extract from two
different maturity stages of low temperature stored phalsa (Grewia subinaequalis DC) fruit, LWT-Food Sci. Technol. 153 (2022) 112552.

M. Butnariu, Metabolic Engineering for carotenoids Enrichment of plants, Plants as Bioreactors for Industrial Molecules (2023) 185-214.

U. Nandal, R.L. Bhardwaj, The role of underutilized fruits in nutritional and economic security of tribals: a review, Crit. Rev. Food Sci. Nutr. 54 (7) (2014)
880-890, https://doi.org/10.1080,/10408398.2011.616638.

D.K. Tiwari, D. Singh, K. Barman, V.B. Patel, Bioactive compounds and processed products of phalsa (Grewia subinaequalis L.) fruit, Popular Kheti 2 (4) (2014)
128-132, https://doi.org/10.18805/ag.DR-1474.

R. Dave, T.V.R. Rao, A.S. Nandane, RSM-based optimization of edible-coating formulations for preserving post-harvest quality and enhancing storability of
phalsa (Grewia asiatica L.), J. Food Process. Preserv. 40 (3) (2016) 509-520, https://doi.org/10.1111/jfpp.12630.

S. Pujari, Phalsa Cultivation in India—production Area, Climate, Harvesting and Fruit Handling, 2012.

T.A. Wani, S.A. Pandith, S. Rana, W.W. Bhat, N. Dhar, S. Razdan, S. Chandra, S. Kitchlu, N. Sharma, S.K. Lattoo, Promiscuous breeding behaviour in relation to
reproductive success in Grewia asiatica L. (Malvaceae), Flora — Morphology, Distribution, Functional Ecology of Plants 211 (2015) 62-71, https://doi.org/
10.1016/j.flora.2014.11.002.

M. Zia-Ul-Haq, S. Ahmad, R. Amarowicz, V. De Feo, Antioxidant activity of the extracts of some cowpea (Vigna unguiculata (L) Walp.) cultivars commonly
consumed in Pakistan, Molecules 18 (2) (2013) 2005-2017, https://doi.org/10.3390/molecules18022005.

N. Sharma, V. Patni, In vivo and in vitro qualitative phytochemical screening of Grewia species, Int. J. Biol. Pharmaceut. Res. 4 (9) (2013) 634-639.

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands, Springer, 2015, pp. 153-156, https://doi.org/10.1007/978-81-322-2244-6.

S. Tripathi, M. Chaurey, A. Balasubramaniam, N. Balakrishnan, Grewia asiatica Linn. -As a phytomedicine. A review, Res. J. Pharm. Technol. 3 (1) (2010) 1-3,
https://doi.org/10.4103/0257-7941.122998.

A. Mehmood, M. Ishag, M. Usman, L. Zhao, A. Ullah, C. Wang, Nutraceutical perspectives and value addition of phalsa (Grewia asiatica L.): a review, J. Food
Biochem. 44 (7) (2020) e13228, https://doi.org/10.1111/jfbc.13228.

M. Kumar, R. Dwivedi, A.K. Anand, A. Kumar, Effect of nutrient on physicochemical characteristics of phalsa (Grewia subinaequalis DC) fruits, Global Journal of
Bio-Science and Biotechnology 3 (3) (2014) 320-323 [VP1].

M. Zia-Ul-Haq, M.S. Stankovi¢, K. Rizwan, V.D. De Feo, Grewia asiatica L., a food plant with multiple uses, Molecules 18 (3) (2013) 2663-2682, https://doi.org/
10.3390/molecules18032663.

A. Singh, R. Dev, S.K. Mahanta, R.V. Kumar, Characterization of underutilized shrubs for forage potential in rainfed and dry areas, Range Manag. Agrofor. 36
(2015) 194-197.

P. Tripathi, Phalsa (Grewia Subinaequalis) Cultivation, 2009.

K.K. Singh, S.P. Singh, Cultivation and utilization in phalsa (Grewia asiatica L.) under garhwal himalayas region, Journal of Medicinal Plants Studies 6 (1) (2018)
254-256.

N. Tran, B. Pham, L. Le, Bioactive compounds in anti-diabetic plants: from herbal medicine to modern drug discovery, Biology 9 (9) (2020) 252.

T.K. Lim, Grewia asiatica, in: Edible Medicinal and Non-medicinal Plants, Springer, 2012, pp. 184-188.

M. Zia-Ul-Hagq, S. Ahmad, I. Imran, S. Ercisli, M. Moga, Compositional study and antioxidant capacity of Grewia asiatica L. seeds grown in Pakistan, Comptes
Rendus de L’Academie Bulgare des Sciences 68 (2015) 191-200, https://doi.org/10.3390/nul3124565.

T.P. Mall, S.C. Tripathi, Anti-cancer potential plants from bahraich (Uttar Pradesh) India, World J. Pharmaceut. Res. 7 (2) (2018) 844-894.

A.S. Khan, A. Hussain, F. Khan, Nutritional importance of micronutrients in some edible wild and unconventional fruits, J. Chem. Soc. Pakistan 28 (6) (2006)
576-582.

G.O. Elhassan, S.M. Yagi, Nutritional composition of Grewia species (Grewia tenax (Frosk). Fiori, G. flavescens Juss and G.villosa Wild) fruit, Adv. J. Food Sci.
Technol. 2 (3) (2010) 159-162.

S. Swain, S. Bej, C.P. Mandhata, A.K. Bishoyi, C.R. Sahoo, R.N. Padhy, Recent progression on phytochemistry and pharmacological activities of Grewia asiatica
L.(Tiliaceae) and traditional uses, South Afr. J. Bot. 155 (2023) 274-287.

A. Alsir, E.A. Aboagarib, R. Yang, X. Hua, A. Siddeeg, Chemical compositions, nutritional properties and volatile compounds of guddaim (Grewia tenax. Forssk)
fiori fruits (Grewia tenax. Forssk) fiori fruits, J. Food Nutr. Res. 2 (4) (2014) 187-192, https://doi.org/10.12691/jfnr-2-4-9.

J. Srivastava, S. Kumar, P.S. Vankar, Correlation of antioxidant activity and phytochemical profile in native plants, Nutr. Food Sci. 42 (2) (2012) 71-79, https://
doi.org/10.1108/00346651211212024.

S. Fedrico, Moro orange juice prevents fatty liver in mice, World J. Gastroenterol. 18 (29) (2012) 3862-3868, https://doi.org/10.3748/wjg.

Z. Tietel, M. Butnariu, Biosynthesis, purification, characterization and uses of natural compounds in plants, Front. Plant Sci. 14 (2012) 1162676.

F.N. Talpur, Analysis and characterization of anthocyanin from phalsa, Grewia asiatica). MOJ Food Processing and Technology 5 (3) (2017), https://doi.org/
10.15406/mojfpt.2017.05.00127.

Z. Lei, B.W. Sumner, A. Bhatia, S.J. Sarma, L.W. Sumner, UHPLC-MS analyses of plant flavonoids, Current Protocols in Plant Biology 4 (1) (2019) 20085,
https://doi.org/10.1002/cppb.20085.

B. Delage, Flavonoids, Linus Pauling Institute, Oregon State University, 2015. Retrieved 2021/1/26.

J. Xiao, G. Kai, K. Yamamoto, X. Chen, Advance in dietary polyphenols as a-glucosidases inhibitors: a review on structure-activity relationship aspect, Crit. Rev.
Food Sci. Nutr. 53 (8) (2013) 818-836, https://doi.org/10.1080/10408398.2011.561379.

P. Gupta, I. Bhatnagar, S.K. Kim, A.K. Verma, A. Sharma, In-vitro cancer cell cytotoxicity and alpha amylase inhibition effect of seven tropical fruit residues,
Asian Pac. J. Trop. Biomed. 4 (2014) S665-S671, https://doi.org/10.12980/APJTB.4.2014B433.

N.A. Khatune, B.M. Rahman, R.K. Barman, M.L.I. Wahed, Antidiabetic, antihyperlipidemic and antioxidant properties of ethanol extract of Grewia asiatica Linn.
bark in alloxan-induced diabetic rats, BMC Compl. Alternative Med. 16 (1) (2016) 295, https://doi.org/10.1186/512906-016-1276-9.

Susmita Das, Sukriti Das, Bratati De, In vitro inhibition of key enzymes related to diabetes by the aqueous extracts of some fruits of West Bengal, India, Curr.
Nutr. Food Sci. 8 (1) (2012) 19-24, https://doi.org/10.2174/157340112800269614.

N. Akhtar, Ihsan-ul-Haq, B. Mirza, Phytochemical analysis and comprehensive evaluation of antimicrobial and antioxidant properties of 61 medicinal plant
species, Arab. J. Chem. 11 (8) (2018) 1223-1235, https://doi.org/10.1016/j.arabjc.2015.01.013.

P. Babu, M.V. Krishna, T. Ashwini, M.G. Raju, Antilithiatic activity of Grewia asiatica in male rats, Int. J. Pharmaceut. Sci. Res. 8 (3) (2017) 1326-1335, https://
doi.org/10.13040/1JPSR.0975-8232.8(3).1326-35.

A. Islary, J. Sarmah, S. Basumatary, Proximate composition, mineral content, phytochemical analysis and in vitro antioxidant activities of a wild edible fruit
(Grewia sapida Roxb. ex DC.) found in Assam of North-East India, Journal of Investigational Biochemistry 5 (1) (2016) 21-31, https://doi.org/10.5455/
jib.20160422015354.

D.P. Khanal, B. Raut, M. Kafle, A comparative study on phytochemical and biological activities of two Grewia species, Journal of Manmohan Memorial Institute
of Health Sciences 2 (2016) 53-60, https://doi.org/10.3126/jmmihs.v2i0.15797.

R. Shukla, Estimation of phytochemicals and in vitro antioxidant activity of different solvent extracts of Grewia asiatica fruit, Res. Rev.: Journal of Botanical
Sciences 5 (3) (2016) 43-49.

V. Lobo, A. Patil, A. Phatak, N. Chandra, Free radicals, antioxidants and functional foods: impact on human health, Phcog. Rev. 4 (8) (2010) 118.

J.W. Anderson, P. Baird, R.H. Davis Jr., S. Ferreri, M. Knudtson, A. Koraym, C.L. Williams, Health benefits of dietary fiber, Nutr. Rev. 67 (4) (2009) 188-205.
D. Tungmunnithum, A. Thongboonyou, A. Pholboon, A. Yangsabai, Flavonoids and other phenolic compounds from medicinal plants for pharmaceutical and
medical aspects: an overview, Medicines 5 (3) (2018) 93.

A.L. Morris, S.S. Mohiuddin, Biochemistry, Nutrients, 2020.

A. Sommer, K.S. Vyas, A global clinical view on vitamin A and carotenoids, Am. J. Clin. Nutr. 96 (5) (2012) 1204S-1206S.

14


http://refhub.elsevier.com/S2405-8440(24)01077-6/sref5
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref5
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref6
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref6
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref7
https://doi.org/10.1080/10408398.2011.616638
https://doi.org/10.18805/ag.DR-1474
https://doi.org/10.1111/jfpp.12630
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref11
https://doi.org/10.1016/j.flora.2014.11.002
https://doi.org/10.1016/j.flora.2014.11.002
https://doi.org/10.3390/molecules18022005
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref14
https://doi.org/10.1007/978-81-322-2244-6
https://doi.org/10.4103/0257-7941.122998
https://doi.org/10.1111/jfbc.13228
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref18
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref18
https://doi.org/10.3390/molecules18032663
https://doi.org/10.3390/molecules18032663
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref20
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref20
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref21
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref22
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref22
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref23
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref24
https://doi.org/10.3390/nu13124565
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref92
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref29
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref29
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref26
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref26
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref27
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref27
https://doi.org/10.12691/jfnr-2-4-9
https://doi.org/10.1108/00346651211212024
https://doi.org/10.1108/00346651211212024
https://doi.org/10.3748/wjg
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref32
https://doi.org/10.15406/mojfpt.2017.05.00127
https://doi.org/10.15406/mojfpt.2017.05.00127
https://doi.org/10.1002/cppb.20085
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref35
https://doi.org/10.1080/10408398.2011.561379
https://doi.org/10.12980/APJTB.4.2014B433
https://doi.org/10.1186/s12906-016-1276-9
https://doi.org/10.2174/157340112800269614
https://doi.org/10.1016/j.arabjc.2015.01.013
https://doi.org/10.13040/IJPSR.0975-8232.8(3).1326-35
https://doi.org/10.13040/IJPSR.0975-8232.8(3).1326-35
https://doi.org/10.5455/jib.20160422015354
https://doi.org/10.5455/jib.20160422015354
https://doi.org/10.3126/jmmihs.v2i0.15797
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref43
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref43
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref44
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref45
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref94
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref94
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref46
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref47

S. Kaur et al.

[51]
[52]
[53]
[54]
[55]
[56]
[571
[58]
[59]

[60]
[61]

[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]

[72]

[73]
[74]

[75]
[76]

[771
[78]

[79]
[80]

[81]

[82]
[83]

[84]
[85]
[86]
871
[88]
[89]
[90]
[91]

[92]

Heliyon 10 (2024) 25046

J. Kovag, L. Slobodnikova, E. Trajcikova, K. Rendekova, P. Mucaji, A. Sychrova, S. Bittner Fialovd, Therapeutic potential of flavonoids and tannins in
management of oral infectious diseases—a review, Molecules 28 (1) (2022) 158.

R. Jan, M. Khan, S. Asaf, Lubna, S. Asif, K.M. Kim, Bioactivity and therapeutic potential of kaempferol and quercetin: new insights for plant and human health,
Plants 11 (19) (2022) 2623.

M. Brancaccio, C. Mennitti, A. Cesaro, F. Fimiani, M. Vano, B. Gargiulo, O. Scudiero, The biological role of vitamins in athletes’ muscle, heart and microbiota,
Int. J. Environ. Res. Publ. Health 19 (3) (2022) 1249.

D. Swanson, R. Block, S.A. Mousa, Omega-3 fatty acids EPA and DHA: health benefits throughout life, Adv. Nutr. 3 (1) (2012) 1-7.

A. Kessel, N. Ben-Tal, Introduction to Proteins: Structure, Function, and Motion, Crc Press, 2018.

M.K. Gupta, P.K. Sharma, S.H. Ansari, R.E.K.H.A. Lagarkha, Pharmacognostical evaluation of Grewia asiatica fruits, Int. J. Plant Sci. 1 (2) (2006) 249-251.
L.M. Choudhary, J. Siddiqui, A. Abbaskhan, S. Naheed, A. Adhikari, J.J. Awalia, Bio-active antioxidants from plant foods for neutraceutical product
development, U.S. Patent application US 13 (759) (2018) 820.

M.N. Asghar, I.U. Khan, L. Sherin, M. Ashfaq, Evaulation of antioxidant activity of Grewia asiatica berry using 2, 2-azinobis-(3-ethylbenzothiazoline-6-sulphonic
acid) and N,N-dimethyl-p-phenylenediamine radical cations decolourization assays, Asian J. Chem. 20 (7) (2008) 5123-5132.

P. Patil, M.M. Patel, C.J. Bhavsar, Preliminary phytochemical and hypoglycemic activity of leaves of Grewia asiatica L, Res. J. Pharmaceut. Biol. Chem. Sci. 2 (1)
(2011) 516-520.

P. Gupta, A. Sharma, GC/MS Profiling and Antimicrobial Effect of Six Indian Tropical Fruit Residues against Clinically Pathogenic Bacterial Strain, 2012.

M. Zia-Ul-Hagq, S.A. Shahid, S. Ahmad, M. Qayum, I. Khan, Antiplatelet activity of methanol extract of G. asiatica L. leaves and terminalla chebula Retz fruits,
J. Med. Plants Res. 6 (3216) (2012) 2029, https://doi.org/10.5897/JMPR11.1764.

P.K. Goyal, Phytochemical and pharmacological properties of the genus Grewia: a review, Int. J. Pharm. Pharmaceut. Sci. 4 (4) (2012) 72-78, https://doi.org/
10.12980/apjtb.4.2014b433.

S. Chirumbolo, Plant phytochemicals as new potential drugs for immune disorders and cancer therapy: really a promising path? J. Sci. Food Agric. 92 (8) (2012)
1573-1577, https://doi.org/10.1002/jsfa.5670.

R. Siddiqi, S. Naz, S. Ahmad, S.A. Sayeed, Antimicrobial activity of the polyphenolic fractions derived from Grewia asiatica, Eugenia jambolana and Carissa
carandas, Int. J. Food Sci. Technol. 46 (2) (2011) 250-256, https://doi.org/10.1111/j.1365-2621.2010.02480.x.

C. Sharma, M. Malgaonkar, S.G. Sangvikar, S.N. Murthy, S.D. Pawar, In vitro evaluation of antimicrobial and antioxidant profile of Grewia L. root extracts,
Journal of Applied Life Sciences International 7 (1) (2016) 1-9, https://doi.org/10.9734/JALSI/2016/26748.

K.H. Dattani, D.D. Patel, B. Marya, P.D. Patel, D. Patel, M.P. Suthar, In vitro cytotoxicity evaluation of methanolic fruit extract of Grewia asiatica using MTT
Assay, Inven. Impact Ethnopharmacol. 2011 (2011) ep/354/11.

A. Gasmi, M. Peana, M. Arshad, M. Butnariu, A. Menzel, G. Bjgrklund, Krebs cycle: activators, inhibitors and their roles in the modulation of carcinogenesis,
Arch. Toxicol. 95 (4) (2021) 1161-1178.

U.S. Paviaya, P. Kumar, M.M. Wanjari, S. Thenmozhi, B.R. Balakrishnan, Analgesic and anti-inflammatory activity of root bark of Grewia asiatica Linn. in
rodents, Ancient Sci. Life 32 (3) (2013) 150-155, https://doi.org/10.4103/0257-7941.122998.

A.H. Abou Zeid, R.S. Mohammed, A.A. Sleem, Biologically active polysaccharides from Grewia asiatica Linn. Leaves, International Journal of Pharmacognosy
and Phytochemical Research 7 (2015) 1080-1087.

S. Singh, K.V. Sharma, R. Sisodia, Radioprotective role of Grewia asiatica in mice blood, Pharmacologyonline 2 (2007) 32-43, https://doi.org/10.1088/0952-
4746/29/3/007.

A. Parveen, M. Irfan, F. Mohammad, Antihyperglycemic activity in Grewia asiatica, a comparative investigation, Int. J. Pharm. Pharmaceut. Sci. 4 (2012)
210-213.

H.A. Khattab, N.A. El-Shitany, I.Z. Abdallah, F.M. Yousef, H.M. Alkreathy, Antihyperglycemic potential of Grewia asiatica fruit extract against streptozotocin-
induced hyperglycemia in rats: anti-inflammatory and antioxidant mechanisms, Oxid. Med. Cell. Longev. (2015) 549743, https://doi.org/10.1155/2015/
549743.

M. Butnariu, D. Fratantonio, J. Herrera-Bravo, S. Sukreet, M. Martorell, G. Ekaterina Robertovna, J. Sharifi-Rad, Plant-food-derived bioactives in managing
hypertension: from current findings to upcoming effective pharmacotherapies, Curr. Top. Med. Chem. 23 (8) (2023) 589-617.

Z. Yageen, T. Sohail, M. Saleem, Z.U. Rehman, Evaluation of antiemetic activities of alcoholic extract of Grewia asiatica in experimental model dog, Biological
Sciences-PJSIR 51 (4) (2008) 212-215. https://v2.pjsir.org/index.php/biological-sciences/article/view/670.

R. Qayyum, H. Asif, Effect of Crude Extract of Grewia Asiatica L. On Lipid Profile and Coagulation Parameters of Rats and Mice, 2017.

B.B. Kakoti, V.T. Selvan, L. Manikandan, M. Gupta, U.K. Mazumder, B. Das, Antitumor and in vitro cytoxicity activity of the methanolic extract of Grewia
asiatica against Ehrilch’s ascites carcinoma cell lines, Pharmacologyonline 3 (2011) 956-960.

G. Periyasamy, B.K. Bibhuti, T.S. Vaiyapuri, G. Malaya, M.U. Kanti, Antitumor and in vitro cytotoxic property of Grewia asiatica against Erhlich. s ascites
carcinoma cells, Natural Products: an Indian Journal 8 (2012) 30-34.

S. Bajpai, T. Hussain, R. Pathak, A. Hussain, Evaluation of anti-inflammatory activity of Grewia asiatica methanolic fruit extract in Wistar rats, Asian Pac. J.
Trop. Biomed. 10 (2012) 1-4.

C.K. Nair, D.K. Parida, T. Nomura, Radioprotectors in radiotherapy, J. Radiat. Res. 42 (1) (2001) 21-37, https://doi.org/10.1269/jrr.42.21.

M. Ahaskar, K.V. Sharma, S. Singh, R. Sisodia, Post treatment effect of Grewia asiatica against radiation induced biochemical changes in brain of Swiss albino
mice, Iranian Journal of Radiation Research 5 (2007) 105-112.

K.V. Sharma, R. Sisodia, Evaluation of the free radical scavenging activity and radioprotective efficacy of Grewia asiatica fruit, J. Radiol. Prot. 29 (3) (2009)
429-443, https://doi.org/10.1088/0952-4746,/29/3/007.

K.V. Sharma, R. Sisodia, Radioprotective potential of Grewia asiatica fruit extract in mice testis, Pharmacologyonline 1 (2010) 487-495.

L. Guariguata, D. Whiting, C. Weil, N. Unwin, The International Diabetes Federation diabetes atlas methodology for estimating global and national prevalence of
diabetes in adults, Diabetes Res. Clin. Pract. 94 (3) (2011) 322-332, https://doi.org/10.1016/j.diabres.2011.10.040.

J. Philippe, D. Raccah, Treating type 2 diabetes: how safe are current therapeutic agents? Int. J. Clin. Pract. 63 (2) (2009) 321-332, https://doi.org/10.1111/
j.1742-1241.2008.01980.x.

K.A.A. Latif, A.K. Prasad, S. Kumar, S.V. Iyer, H.A. Patel, J.A. Patel, Comparative antidiabetic studies of leaves of Ipomoea carnea and Grewia asiatica on
streptozotocin induced diabetic rats, International Journal of Pharmaceutical and Biological Science Archive 3 (2012) 853-857.

M. Zia-Ul-Haq, M. Ahmad, M. Mehjabeen, N. Jehan, S. Ahmad, M. Qayum, K. Marwat, Antimicrobial screening of selected flora of Pakistan, Arch. Biol. Sci. 63
(3) (2011) 691-695, https://doi.org/10.2298/ABS1103691Z.

M.V. Shrimanker, D.D. Patel, H.K. Modi, K.P. Patel, R.M. Dave, In-vitro antibacterial and antifungal activity of Grewia asiatica Linn. leaves, American Journal of
PharmacyTech Research 3 (1) (2013) 38-42.

F. Israr, F. Hassan, B.S. Naqvi, LN. Azhar, S. Jabeen, S.M. Hasan, Report: studies on antibacterial activity of some traditional medicinal plants used in folk
medicine [Report], Pak. J. Pharm. Sci. 25 (3) (2012) 669-674.

X. Zhao, C.H. Xue, Z.J. Li, Y.P. Cai, H.Y. Liu, H.T. Qi, Antioxidant and hepatoprotective activities of low molecular weight sulfated polysaccharide from
Laminaria japonica, J. Appl. Phycol. 16 (2) (2004) 111-115, https://doi.org/10.1023/B:JAPH.0000044822.10744.59.

D. Donno, M.G. Mellano, I. Riondato, M. De Biaggi, H. Andriamaniraka, G. Gamba, G.L. Beccaro, Traditional and unconventional dried fruit snacks as a source of
health-promoting compounds, Antioxidants 8 (9) (2019) 1-15, https://doi.org/10.3390/antiox8090396, article 396, https://doi.

NCD Countdown 2030 collaborators, NCD Countdown 2030: worldwide trends in non-communicable disease mortality and progress towards Sustainable
Development Goal target 3.4, Lancet 392 (10152) (2018) 1072-1088, https://doi.org/10.1016/50140-6736(18)31992-5.

V. Prakash, C.S. Ahirwar, V.M. Prashad, Studies on preparation and preservation of beverages from Phalsa fruit (Grewia subinaequalis L.), Ann. Hortic. 7 (1)
(2014) 92-96.

15


http://refhub.elsevier.com/S2405-8440(24)01077-6/sref48
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref48
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref49
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref49
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref50
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref50
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref51
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref52
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref53
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref54
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref54
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref55
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref55
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref56
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref56
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref57
https://doi.org/10.5897/JMPR11.1764
https://doi.org/10.12980/apjtb.4.2014b433
https://doi.org/10.12980/apjtb.4.2014b433
https://doi.org/10.1002/jsfa.5670
https://doi.org/10.1111/j.1365-2621.2010.02480.x
https://doi.org/10.9734/JALSI/2016/26748
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref63
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref63
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref64
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref64
https://doi.org/10.4103/0257-7941.122998
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref66
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref66
https://doi.org/10.1088/0952-4746/29/3/007
https://doi.org/10.1088/0952-4746/29/3/007
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref68
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref68
https://doi.org/10.1155/2015/549743
https://doi.org/10.1155/2015/549743
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref70
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref70
https://v2.pjsir.org/index.php/biological-sciences/article/view/670
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref72
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref73
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref73
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref74
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref74
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref75
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref75
https://doi.org/10.1269/jrr.42.21
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref77
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref77
https://doi.org/10.1088/0952-4746/29/3/007
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref79
https://doi.org/10.1016/j.diabres.2011.10.040
https://doi.org/10.1111/j.1742-1241.2008.01980.x
https://doi.org/10.1111/j.1742-1241.2008.01980.x
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref82
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref82
https://doi.org/10.2298/ABS1103691Z
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref84
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref84
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref85
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref85
https://doi.org/10.1023/B:JAPH.0000044822.10744.59
https://doi.org/10.3390/antiox8090396
https://doi
https://doi.org/10.1016/S0140-6736(18)31992-5
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref88
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref88

S. Kaur et al. Heliyon 10 (2024) 25046

[93] S.K. Mitra, P.K. Pathak, I. Chakraborty, Potential Use of Underutilized Crops for Nutritional and Medicinal Properties. New Crops and Uses: Their Role in
Rapidly Changing World, 2008, p. 357.

[94] R. Dev, V. Kannan, M.S. Kumar, D. Dayal, R. Patel, Grewia species: diversity, distribution, traditional knowledge and utilization, in: Wild Fruits: Composition,
Nutritional Value and Products, Springer, 2019, pp. 395-426, https://doi.org/10.1007/978-3-030-31885-7.

[95] D. Singh, M. Chaudhary, P.S. Chauhan, V.C. Prahalad, A. Kavita, Value addition to forest produce for nutrition and livelihood, Indian For. 135 (9) (2009) 1271.

16


http://refhub.elsevier.com/S2405-8440(24)01077-6/sref89
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref89
https://doi.org/10.1007/978-3-030-31885-7
http://refhub.elsevier.com/S2405-8440(24)01077-6/sref91

	Phytochemical and pharmacological characteristics of phalsa (Grewia asiatica L.): A comprehensive review
	1 Introduction
	2 Nutritional profile of phalsa
	2.1 Oil in phalsa
	2.2 Proteins and amino acids
	2.3 Vitamins
	2.4 Minerals
	2.5 Carbohydrates

	3 Bioactive components of phalsa
	3.1 Anthocyanin
	3.2 Flavonoid
	3.3 Tannin

	4 Phytochemical properties
	5 Pharmacological activities of phalsa
	5.1 Antioxidant activity
	5.2 Anticancer activity
	5.3 Anti-inflammatory activity
	5.4 Radioprotective activity
	5.5 Anti-diabetes
	5.6 Anti-microbial
	5.7 Anti-malarial
	5.8 Hepatoprotective
	5.9 Anti-hyperlipidemic
	5.10 Analgesic

	6 Potential industrial applications of phalsa
	6.1 Functional ingredient in the food industry
	6.2 Medicinal applications
	6.3 Animal fodder
	6.4 Other uses

	7 Current and future prospective
	8 Conclusion
	Funding information
	CRediT authorship contribution statement
	Declaration of competing interest
	References


