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Abstract: Aegle marmelos (L.) Correa (Bael) fruit, a member of the Rutaceae family, is a major cultivated
fruit plant in tropical and subtropical regions in countries of southeast Asia. Bael fruit has been a
major topic for studies in recent years mainly due to its high nutritional (carbohydrates, proteins,
minerals, and vitamins) value and presence of various phytochemicals, which attributed to its high
medicinal value. These phytochemicals include various compounds, e.g., alkaloids, flavonoids,
and phenolic acids (protocatechuic acid, gallic, and ellagic acid). The fruit extract of bael has been
also an important study area for its pharmacological activities, including antidiarrheal, antioxidant,
antidiabetic, hepatoprotective, radioprotective, anticancer, antiulcer properties. The current review
mainly highlighted the nutritional and pharmacological activities of bael fruit. The nutritional profile
and phytochemical profile were discussed in the review, along with their concentration in the fruit.
Moreover, the experiments carried out in vivo and in vitro of bael fruit extracts with respect to their
pharmacological activities were also discussed in the article. The recent literature based on nutritional
and pharmacological values of bael fruit showed its high potential as a food and pharmaceutical
product. Despite having high nutritional and pharmacological value, research related to molecular
mechanisms of bael fruit is still limited, and clinical trials are needed to ensure its safety as a product
in the food and pharma industries.
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1. Introduction

Aegle marmelos (L.) Correa (Bael), important member of plant family Rutaceae, native
to Eastern Ghats and Central India, is widely utilized in traditional medicines due to its
excellent therapeutic characteristics. Although being a subtropical tree it can grow well
in tropical climates too at an altitude of 1200 m. Bael is widely distributed throughout
Indian Peninsula and grows in most of the southeast Asian countries [1–3]. The bael fruits
exhibit a diverse range of shape from round, oval, pyriform, or oblong and are 5–25 cm in
diameter, also the seeds can be from 10 to 50 in number having flat-oblong shape and 1 cm
long [4] (Figure 1). Although having high moisture content of nearly 61%, bael fruits have
high nutritional composition as it contains minerals (phosphorus, potassium, calcium, mag-
nesium, iron, copper, zinc, chromium), fat, fiber (hemicellulose, cellulose, lignin, pectin),
protein, carbohydrate, vitamins (B1, B2, B3, C), amino acids (threonine, valine, methionine,
isoleucine, leucine, lysine), and fatty acids [5–8]. Phytochemical profiling of bael fruit
showed that it also contains many useful bioactive compounds and phytochemicals, which
include polyphenols, coumarins (alloimperatorin, zanthotoxol, imperatorin, xanthotoxol,
isoimperatorin, umbelliferone, marmelide, scopoletin, marmelosin, scopolentin, marmesin,
psoralen-a, scoparone, marmin, methyl ether, psoralen); tannins (4,7,8-trimethoxyfuro-
quinoline, skimminianine); alkaloids (aegelenine, halfordinol, aegeline, ethyl cinnamate,
aegelinosides A, ethyl cinnamamide, aegelinosides B, dictamine, fragrine); phenolic acids
(gallic acids, p-coumaric acid, 2,3-dihydroxy benzoic acid, vanillic acid, chlorogenic acid);
organic acids; flavonoids (rutin); tocopherols; and carotenes [9–12]. Being as strong an-
tioxidants, the phytochemical and nutritional components are involved in a variety of
biological processes, making it a potential food ingredient [13]. Various studies have shown
many bioactivities of bael fruit, which includes antidiarrheal, antioxidant, antidiabetic,
hepatoprotective, radio protective, anticancer, and antiulcer activities showing a high po-
tential in pharma products [14]. The bael fruits in ripe form is considered as astringent,
tonic, laxative, restorative, and brain and heart. The unriped fruits of A. marmelos are in
the treatment of dysentery and also diarrhea diarrhea and dysentery as it is an astringent,
digestive and stomachic [15].

Bael fruits have many uses in functional foods also as it has much potential for
processing into goods such as preserves, powder, jam, wine, slab, and syrup [1]. In India
many of the products are prepared from bael fruits such as bael sherbet, murabba or syrups.
In other countries such as Indonesia and Thailand ripe bael fruits and their sliced pieces
are consumed as food and syrups are used in making cake ingredients [16]. The processing
of bael fruit also produce many waste materials such as seeds, fibers, peel, etc. which also
contain many bioactive and pharmaceutical compounds [17,18]. From various regions
of India, The Indian Council of Agricultural Research (ICAR) and Agricultural institutes
are developing promising varieties of bael through selection in the recent years [8]. The
nutritional and phytochemical profile of bael fruits is highlighted in this review with the
goal of increasing its use as a food ingredient. Furthermore, the biological activity of bael
fruit will be thoroughly discussed including its use as a functional ingredient in foods.
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Figure 1. Aegle marmelos (L.) Correa tree (A) with whole fruit (B) and (C) cross-cut fruit. 
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Polysaccharides plays a very important role in contribution to the nutritional value 
of fruits and are also the major component of human diet [19,20]. In a study, nutritional 
constituents of bael were investigated from the fruit pulp at different development stages 
of premature fruits to mature. The carbohydrate and total sugar content were estimated 
to be 36.80–41.70% and 3.08–6.94%, respectively. The carbohydrate content was found to 
be highest in premature stages of fruits whereas total sugar content being highest at later 
mature stages [21]. In a similar study of estimation of important constituents of bael fruit 
during various ripening stages, the fructose, glucose, and sucrose content in bael fruit was 
found to be in range of 1.01–1.55%, 1.15–1.88%, and 2.45–12.01%, respectively [22]. In an-
other study of physicochemical analysis of bael fruit, the total sugar content was estimated 
in fruit pulp and results showed 14.35% of total sugars, majorly contributed by non-re-
ducing sugars, i.e., 9.93%, which is more than double the content of reducing sugars, 
which was found to be 4.42% (Table 1). In comparison to fruit pulp, pericarp shows less 
sugar content of 1.83%, contributed evenly by both reducing (0.92%) and non-reducing 
sugars (0.91%) [6]. In a similar study of nutritional exploration of bael fruit, total carbohy-
drate content was estimated to be 34.35% in fruit pulp [5]. In a study proximate composi-
tion of bael fruit pulp was estimated and results showed total soluble sugars content of 
7.6 g/100 g, mainly contributed by reducing sugars, i.e., 6.2 g/100 g and less contributed 
by non-reducing sugars, i.e., 1.4 g/100 g. The starch content was also estimated and found 
to be 3.6 g/100 g in bael fruit pulp [23]. In an independent study of nutrient content esti-
mation of bael fruit, the results showed that bael fruit contain 31.8% of carbohydrate con-
tent [24]. The various studies showed that bael fruit has high nutritional value and is a 
significant source of polysaccharides. 

  

Figure 1. Aegle marmelos (L.) Correa tree (A) with whole fruit (B) and (C) cross-cut fruit.

2. Nutritional Composition
2.1. Polysaccharides

Polysaccharides plays a very important role in contribution to the nutritional value
of fruits and are also the major component of human diet [19,20]. In a study, nutritional
constituents of bael were investigated from the fruit pulp at different development stages
of premature fruits to mature. The carbohydrate and total sugar content were estimated
to be 36.80–41.70% and 3.08–6.94%, respectively. The carbohydrate content was found to
be highest in premature stages of fruits whereas total sugar content being highest at later
mature stages [21]. In a similar study of estimation of important constituents of bael fruit
during various ripening stages, the fructose, glucose, and sucrose content in bael fruit
was found to be in range of 1.01–1.55%, 1.15–1.88%, and 2.45–12.01%, respectively [22].
In another study of physicochemical analysis of bael fruit, the total sugar content was
estimated in fruit pulp and results showed 14.35% of total sugars, majorly contributed
by non-reducing sugars, i.e., 9.93%, which is more than double the content of reducing
sugars, which was found to be 4.42% (Table 1). In comparison to fruit pulp, pericarp
shows less sugar content of 1.83%, contributed evenly by both reducing (0.92%) and
non-reducing sugars (0.91%) [6]. In a similar study of nutritional exploration of bael
fruit, total carbohydrate content was estimated to be 34.35% in fruit pulp [5]. In a study
proximate composition of bael fruit pulp was estimated and results showed total soluble
sugars content of 7.6 g/100 g, mainly contributed by reducing sugars, i.e., 6.2 g/100 g and
less contributed by non-reducing sugars, i.e., 1.4 g/100 g. The starch content was also
estimated and found to be 3.6 g/100 g in bael fruit pulp [23]. In an independent study of
nutrient content estimation of bael fruit, the results showed that bael fruit contain 31.8% of
carbohydrate content [24]. The various studies showed that bael fruit has high nutritional
value and is a significant source of polysaccharides.
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Table 1. Nutritional composition of bael (Aegle marmelos (L.) Correa) fruit according to various
studies.

Source/Region Type Compound Yield/Concentration Reference

Bael fruit pulp
(Bangladesh)

Polysaccharide (%)
Carbohydrate 36.80–41.70

[21]
Total sugar 3.08–6.94

Bael fruit
(North India)

Polysaccharide (%)

Fructose 1.01–1.55

[22]Glucose 1.15–1.88

Sucrose 2.45–12.01

Bael fruit pericarp
(Ludhiana, Punjab) Polysaccharide (%)

Total sugars 1.83

[6]

Non-reducing sugars 0.91

Reducing sugars 0.92

Bael fruit pulp
(Ludhiana, Punjab) Polysaccharide (%)

Total sugars 14.35

Non-reducing sugars 9.93

Reducing sugars 4.42

Bael fruit pulp
(Karachi, Pakistan) Polysaccharide (%) Carbohydrate 34.35 [5]

Bael fruit pulp
(Patiala, Punjab) Polysaccharide (g/100 g)

Total soluble sugars 7.6

[23]
Reducing sugars 6.2

Non-reducing sugars 1.4

Starch 3.6

Bael fruit
(Rajasthan, India) Polysaccharide (%) Carbohydrate 31.8 [24]

Bael fruit pulp
(Bangladesh) Protein (%) - 7.52–8.81 [21]

Bael fruit pericarp
(Ludhiana, Punjab) Protein (%) - 1.31

[6]
Bael fruit pulp

(Ludhiana, Punjab) Protein (%) - 3.64

Bael fruit pulp
(Rajasthan, India) Protein (%) - 4.35 [25]

Bael fruit pulp
(Karachi, Pakistan) Protein (%) - 1.87 [5]

Bael fruit
Faizabad (U.P.)

Nadia, West Bengal

Protein (%) - 3.6
[1]

Protein (%) - 8.8

Bael fruit pulp
(Patiala, Punjab) Protein (g/100 g) - 4.7 [23]

Bael fruit Protein (%) - 1.8 [26]

Bael fruit
(Rajasthan, India) Protein (%) - 1.8 [24]

Bael fruit pulp
(Karachi) Fat (%) - 45.6 [5]

Bael edible portion Fat (%) - 0.6 [27]

Bael fruit pulp Fat (%) - 3.7 [28]

Bael (unripe fruit) Minerals (mg)

P 52

[1,7]K 610

Ca 80
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Table 1. Cont.

Source/Region Type Compound Yield/Concentration Reference

Bael fruit pulp Minerals (mg/100 g)

Cu 0.21

[1]

K 610

Ca 80

P 52

Fe 0.60

Bael fruit
(Bellary district)

Minerals (mg)

Ca 85

[29]

P 50

K 600

Vitamins (mg)

Vitamin A 55

Vitamin C 8–60

Riboflavin 1.19

Niacin 1.1

Bael fruit Vitamins (mg)
Vitamin A 55

[30]
Vitamin C 8

Bael fruit Vitamins (mg/100 g)

Vitamin A 55

[30,31]

Vitamin B1 0.13

Vitamin B2 1200

Vitamin C 8

Riboflavin 1190–1200

Thiamine 0.13

Ascorbic acid 8

Bael fruit pulp
(Karachi)

Vitamins (mg%)

Vitamin B1 0.16

[5]
Vitamin B2 0.18

Vitamin B3 0.87

Vitamin C 73.2

P—phosphorus; K—potassium; Ca—calcium; Fe—iron; Cu—copper.

2.2. Proteins

The nutritional value is determined by the protein quality and quantity, and fruits
have low protein content [32,33]. In a recent study of nutritional evaluation of bael, the
fruit was investigated for protein content, and results showed 7.52–8.81% protein in fruit
pulp at different stages of development. The highest protein content was at the premature
stage, i.e., 8.81%, while the lowest was at the mature stage, i.e., 7.52% [21]. In another study,
physicochemical analysis of bael was analyzed, and protein content was estimated to be
3.64% and 1.31% in fruit pulp and pericarp, respectively [6]. Sharma and Chauhan [25]
evaluated bael fruit for its nutritional value, and interestingly, the results showed 4.35%
of the protein in powdered bael fruit pulp. In a similar study of nutritional evaluation
of fruits of bael, the crude protein content was estimated to be 1.87% in fruit pulp [5].
The analysis study of physicochemical composition carried out on fresh bael fruits of two
different cultivars yielded differences in protein yield results, which were 3.6% for the local
cultivar and 8.8% for the NB-5 cultivar of bael fruit [1]. In another study of proximate
composition analysis of bael, the results showed crude protein content of 4.7 g/100 g
in bael fruit pulp [23]. In a study related to the nutritional analysis of bael, the protein
content was estimated to be 1.8% in bael fruit [24]. Similarly, another study by Kumar
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and co-workers [26] also reported the same average protein value upon the analysis of
bael fruits.

2.3. Essential Oils/Lipid Profile

Lipids are generally described as fats and oils. At room temperature, fats are solid,
whereas oil is in liquid form. Lipids such as fats, oils, fatty acids, and greases are the
essential components of natural foods and many synthetic compounds [34]. A study
discovered that the pulp of the bael fruit contains a number of restricted amino acids, with
lysine having the highest amino acid score of 47, followed by valine (52), threonine (53), and
isoleucine (97). Methionine and leucine, on the other hand, were numerous, with amino
acid scores of 255 and 317, respectively. Saturated fatty acids made up 60.67% of fatty
acids in bael plant seeds, but only 45.61 and 18.31% in fruit pulp and leaves, respectively.
Palmitoleic acid (C16:0) was discovered to be the most abundant fatty acid in all portions
of the bael plant [5]. Different studies indicated that the edible portion of A. marmelos fruit
comprises 0.6% fat and that the fruit includes a significant number of proteins and little
fat. The nutritional composition of powder was found to have a substantial (p < 0.001)
concentrated effect on edible fruit composition. According to Gopalan [28], the bael
fruit pulp has 3.7% fat, while the current analysis showed a fat level of 3.2% [27,28].
Essential oils are volatile and aromatic liquids extracted from plant material. Under normal
conditions, these aromatic compounds are chemically pure and volatile [35,36]. According
to a study, the yield and content of essential oils vary seasonally [37]. A recent study
depicted that A. marmelos seeds contain 34.4% oil, which is utilized in aromatherapy,
cosmetics, and compressors. Anti-inflammatory, antibacterial, antiseptic, antioxidant,
carminative, astringent, cytophylactic, and disinfectant properties can all be found in
A. marmelos oil [38].

2.4. Minerals and Vitamins

Bael fruit is a rich source of a variety of nutrients that are useful for human health
since it includes a number of vitamins and minerals. Because it is abundant in vitamins,
including vitamin A, vitamin B complex, and vitamin C, bael has been discovered to
work as an antioxidant, thus preventing rancidity and color loss [39,40]. The minerals
reported from the part of bael include calcium, iron, phosphorus, potassium, and salts.
Kumar et al. [26] reported that unripe fruit is more beneficial for medicinal purposes than
ripe fruit. It includes mineral (1.9%), potassium (610 mg), phosphorus (52 mg), calcium
(80 mg), fiber (2.9%), carotene (55 mg) and protein (1.6%), in fruit juice [1,7]. In another
study, it was found that bael fruit nutrients are extremely beneficial for human health,
and this is already proved by various researchers by conducting various investigations on
bael fruit. The main constitution of A. marmelos nutrients is fatty acids, vitamins, glucose,
amino acids, and minerals [39]. It can prevent color loss and rancidity because it contains a
valuable amount of vitamin A (55 mg), vitamin C (8 mg), and vitamin B, which can act as a
potential antioxidant agent [38]. Fruit pulp of A. marmelos comprises of calcium (80 mg),
mineral content (1.7%), phosphorous (52 mg), copper (0.21 mg), potassium (610 mg), and
iron (0.60 mg/100 g) [1]. The calorific value of bael fruit (88 cal/100 g) is higher than that of
mango (36 cal/100 g), apple (64 cal/100 g), and guava (59 cal/100 g) [38,40]. In a separate
study, it was found that it is also high in vitamins such as riboflavin (1190–1200 mg/100 g),
vitamin B1 (0.13 mg), vitamin A (55 mg), vitamin B2 (1200 mg), ascorbic acid (8 mg/100 g),
vitamin C (8 mg) and thiamine (0.13 mg) [30,31]. In another study, bael fruit pulp was
reported for numerous vitamin concentrations, including vitamin B1 (0.16 mg%), vitamin C
(73.2 mg%), vitamin B2 (0.18 mg%), and vitamin B3 (0.87 mg%). According to vitamin
analysis, the bael is recognized as a suitable source of ascorbic acid and several vitamins
of the B group. Vitamin C concentration was found to be 73.2 mg/100 g, which was
significantly higher than that found in Thai bael fruit (26.17 mg/100 g) and bael fruit
growing under Indian conditions (40 mg/100 g). Vitamin C levels in unripe bael fruit are
relatively high (620 mg/100 g) [5]. Furthermore, vitamin C (8–60 mg), riboflavin (1.19 mg),



Int. J. Mol. Sci. 2022, 23, 10889 7 of 18

vitamin A (55 mg), thiamine (0.13 mg), potassium (600 mg), calcium (85 mg), niacin (1.1 mg),
and phosphorus (50 mg) are all known to be present in bael fruit [29].

3. Phytochemicals

Aegle marmelos has been widely utilized in traditional medicinal systems. It has been
reported to contain numerous photochemical compounds such as polyphenol/phenolic
compounds, carotenoids, alkaloids, pectin, flavonoids, tannins, coumarins, and terpenoids
(Table 2). Similarly, various bioactive compounds from these groups have been isolated
and identified [41,42]. In the last few years, A. marmelos has attracted much attention
due to its varied pharmacological activities such as anticancer, antioxidant, antidiabetic,
cardioprotective, hepatoprotective, and antimicrobial activities. Therefore, it is important
to determine/investigate the phytochemical profile of bael fruit to discover new sources
for the development of new drugs and nutraceuticals. Various phytochemical studies are
depicted in Table 2.

Table 2. Phytochemical profile of Aegle marmelos (fruit).

Variety/Region Type Compound Concentration/Yield Reference

A. marmelos TPC (mg GAE/g) - 10.6–87.34 [43,44]

A. marmelos (Lucknow) Polyphenol
Tannic acid (g 100/g) 2.81–4.84

[45]
Marmelosin (µg/g) 415.75–737.00

A. marmelos Polyphenol (µg/g)

Chlorogenic acid 136.8

[46]

Ferulic acid 98.3

Ellagic acid 248.5

Gallic acid 873.6

Quercetin 56.9

Protocatechuic acid 47.9

A. marmelos
(Kolkata, West Bengal, India)

TPC (GAE mg/g) - 16.23–25.14

[12]

TFC (g CE/100 g) - 9.74–18.17

Phenolic acid (mg/100 g)

Gallic acid 580.27–617.17

2,3-dihydroxy benzoic acid 10.35–35.94

Chlorogenic acid 0.38–56.31

p-Coumaric acid 233.54–361.42

Vanillic acid 52.80–102.40

Flavonoid (mg/100 g) Rutin 32.25–59.90

Carotenes (µg/100 g)

α-carotene (alpha C) 42.76–1698.22

β-carotene (beta C) 51.67–153.43

γ-carotene (gamma C) 18.43–467.17

δ-carotene (delta C) 43.74–45.03

A. marmelos (Phichit, Thailand)
Total flavonoids (mg CE/g dw) - 15.20 ± 0.51 [44]

Total carotenoids (µg/g dw) - 32.98 ± 0.51 [44]

A. marmelos

Alkaloids

Aegelenine, Halfordinol, Aegeline,
Ethyl cinnamate, Aegelinosides A,

Ethyl cinnamamide, Aegelinosides B,
Dictamine, Fragrine

- [7,47–49]

Terpenoids

Caryophyllene, Valencene, Cineol,
Terpinolene, cis-Limonene oxide,

P-cymene, cis-Linalool oxide, Methyl
perilate, Cubedol, Isosylvestrene,

Elemol, Myrcene, Epi-cubebal,
Humulene, Hexanylhexanoate,

Linalool, Limonene

-

[49]

Coumarins

Alloimperatorin, Zanthotoxol,
Imperatorin, Xanthotoxol,

Isoimperatorin, Umbelliferone,
Marmelide, Scopoletin, Marmelosin,
Scopolentin, Marmesin, Psoralen-a,

Scoparone, Marmin,
Methyl ether, Psoralen

-

Tannins Skimminianine,
4,7,8-trimethoxyfuro-quinoline, - [6]

Amino acids
Methionine, Phenyl alanine, Leucine,

Tyrosine, Isoleucine, Alanine, Aspartic
acid, and Arginine

- [50]

CE = catechin equivalent; GAE = gallic acid equivalent.
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3.1. Polyphenol/Phenolic Compounds

Polyphenolic compounds are very important plant constituent as it is responsible
for antioxidant activity. In a study, total phenolic content (TPC) in A. marmelos fruit was
estimated using reversed-phase high performance liquid chromatography (RP–HPLC)
method. From the findings of the study, it was estimated that value TPC is equal to
10.6 mg GAE/g [43]. Similarly, polyphenol content in bael fruit at various development
and/or growth conditions was determined [45]. The authors determined that polyphe-
nol content in bael fruit ranges from 5.21% to 5.99% whereas the amount of tannic acid
varied from 2.81 to 4.84 g 100/g at different development stages. In addition, signif-
icant variation in marmelosin (415.75–737 µg/g) in bael powder was noticed at vari-
ous maturity stages [45]. In a study conducted on A. marmelos, different phenolic com-
pounds such as chlorogenic acid, ferulic acid, ellagic acid, gallic acid, quercetin, and
protocatechuic acid in amounts of 136.8, 98.3, 248.5, 873.6, 56.9, and 47.9 µg/g, respec-
tively were characterized through LC-MS and LC-MS/MS scans and HPLC method [46].
Comparable results were also obtained by Hazra et al. [12] in bael fruit under differ-
ent conditions such as microwave dried sample (BM), sun-dried sample (BS), hot air-
dried sample (BH), and freeze-dried sample (BF). From the findings, it was observed
that TPC varies significantly due to drying with maximum in BM (25.14 GAE mg/g)
and minimum in BH sample (16.23 GAE mg/g). In addition, TFC in BP varies from
1.16 g CE/100 g. Flavonoids and phenolic acids in A. marmelos fruit were also studied by
Hazra et al. [12]. From different samples of bael fruit, a total of five phenolic acids, namely
chlorogenic acid, gallic acid, p-coumaric acid, vanillic acid, and 2,3-dihydroxybenzoic
acid, were detected in BH, BM, BS, and BF samples. The authors reported that gallic
acid was maximum in BP (617.17 ± 2.58 mg/100 g), 2,3-dihydroxybenzoic acid in BH
(35.94 mg/100 g), chlorogenic acid (CGA) in BM (56.31 mg/100 g), p-Coumaric acid (p-CA)
in (361.42 mg/100 g) and vanillic acid (VA) was maximum in BS (102.40 mg/100 g). On the
other hand, rutin (flavonoid) was found highest in BM (59.90 mg/100 g) and lowest in BP
(32.25 mg/100 g) [12]. Other studies conducted in the last few years have also confirmed
the presence of flavonoids and phenolic acids in bael fruit extract/pulp [42,51]. From
the results, it was concluded that amount/content of different compounds varies with
the method of drying. It was revealed that there are very limited studies related to the
investigation and quantification of phytochemical compounds in bael fruit. Therefore, it is
necessaryto investigate further for future benefit.

3.2. Coumarins

Bael fruit is considered a rich source of imperatorin, marmelosin, marmin, marmesin,
alloimperatorin, marmelide, methyl ether, scoparone xanthotoxol, umbelliferone, scopo-
lentin, and psoralen [52]. Marmenol has also been reported in bael fruit [53]. From the
findings of the previous years, it has been reported that the bael fruit contains marmelosin,
umbeliferone, imperation, scoporone, alloimperatorin, marmelide, marmesin, impertonin,
umbelliferine, skimmianine, scopoletin, methyl ether, psoralen, marmin, xanthotoxol and
armelide in considerable amounts. It is also determined that the coumarins such as um-
belliferone marmelosin and skimmianine are recognized as medicinally important active
principle compounds of bael fruit [54,55].

3.3. Carotenes

A. marmelos fruit have been reported to contain carotenoids, imparting yellow color
to the fruit. Charoensiddhi and Anprung [44] have determined total carotenoids in
the pulp of bael fruit that is equal to 32.98 µg/g dw. Similarly, Hazra et al. [12] have
determined and identified different carotenoid in fruit of A. marmelos, viz., α-carotene
(42.76–1698.22 µg/100 g), β-carotene (51.67–153.43 µg/100 g), γ-carotene (18.43–467.17 µg/100 g)
and δ-carotene (43.74–45.03 µg/100 g). However, there are very few studies related to the
determination of carotenoid content in bael fruit.
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3.4. Other Phytochemicals

A. marmelos fruit have been investigated to determine and/or identify various phy-
tochemicals present in its fruit. Compounds such as alkaloids (such as Aegelenine, Hal-
fordinol, Aegeline, Ethyl cinnamate, Aegelinosides A, Ethyl cinnamamide, Aegelinosides
B, Dictamine, and Fragrine), terpenoids (such as Caryophyllene, Valencene, Cineol, Ter-
pinolene, cis-Limonene oxide, P-cymene, cis-Linalool oxide, Methyl perilate, Cubedol,
Isosylvestrene, Elemol, Myrcene, Epi-cubebal, Humulene, Hexanylhexanoate, Linalool,
and Limonene), tannins and polysaccharides (such as galactose, L-rahaminose, and ara-
binose) have been reported/determined from bael fruit [47–49,56,57]. However, there is
lack of quantification data/information on these above-mentioned and other compounds.
Therefore, it is necessary to conduct thorough investigation on the determination, identifi-
cation and quantification of different phytochemicals present in bael fruit. Though from the
above-mentioned studies, it has been confirmed that bael fruit is rich in active biological
compounds that are responsible for various metabolic processes in the human body.

4. Pharmacological Activities of Aegle marmelos
4.1. Antidiarrheal Activity

Diarrhea is a common symptom of gastrointestinal infections and occurs mainly due
to an imbalance of natural microflora of the gut by broad-spectrum antibiotics. The etiology
of diarrhea has been widely studied in the past years, including pathogens involved in
the same. An in vitro investigation was carried out to evaluate the antidiarrheal effect of
A. marmelos. For this, the activity of ethanolic extract of dried A. marmelos fruit pulp was
tested against pathogens, namely, Shigella dysenteriae, S. boydii, S. flexneri, and S. sonnei.
From the findings, it was revealed that S. dysenteriae showed the minimum activity with a
minimum inhibitory concentration (MIC) equal to 250 µg/mL and a minimum bactericidal
concentration of 400 µg/mL. It was also concluded that ethanolic extract was found to
be more effective at the lower end of the concentration tested (0.5–1.0 mg/mL) [58]. In
another study, the antidiarrheal activity of A. marmelos (unripe fruit extract) was studied
on castor oil-induced diarrhea in mice animal models at 400 mg/kg and 800 mg/kg BW.
The authors reported that doses of A. marmelos ethanolic fruit extract significantly reduce
(p < 0.05) a considerable number of wet feces produced due to treatment of mice with castor
oil (Table 3). The inhibition frequency of defecation by fruit extract at 400 mg/kg and
800 mg/kg was evaluated to be 67.44% and 70.93%, respectively [59]. Similarly, methanolic
extract of A. marmelos fruit was tested on castor oil-induced diarrhea in the SD rat animal
model. The results revealed that methanolic extract showed a 100% inhibition rate, except
in the first hour (78.13%), against diarrhea in an animal model [60]. However, in another
independent study, it was investigated that the antidiarrheal activity of A. marmelos fruit is
due to calcium channel blocking compounds and not tannic acid [61]. The authors reported
that methanolic extract of A. marmelos ripe fruit inhibited diarrhea caused due to castor
oil in mice animal models. The reduction (%) of wet feces and the total number of feces
showed dose-dependent activity, whereas a dose of 400 mg/kg and 800 mg/kg showed
substantial inhibition. Tannic acid (extracted from fruit A. marmelos) does not show an
antidiarrheal effect but is more likely to act as vasorelaxant in mice, with a significant
relaxant effect (EC50 = 0.1527 µM, 95% C.I., 0.005853–3.986) [61]. In another study, extract
of A. marmelos was tested for its effect on colonization of E. coli E134, E. coli B170, and
S. flexneri. The results showed that there is a decrease in colonization, perhaps due to its
influence on the metabolism of HEp-2 cells and/or due to modification of cell receptors
that limit bacterial adherence, as seen in the pre-incubation of HEp-2 with the extract. The
extract exhibits greater inhibition of adherence of S. flexneri and E. coli E134 as compared
to invasion of E. coli B170. Because pathogen adhesion to the lining of the gastrointestinal
tract is the earliest stage of the illness process and inhibiting invasion/adherence could
be a critical part of the antidiarrheal effect of the plant [47,62]. From the previous studies
conducted on A. marmelos for determining antidiarrheal activity, it was estimated that it
could be due to active phytochemical compounds such as alkaloids, saponins, tannins, and
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flavonoids present in fruit extract. Therefore, further investigations are required to confirm
the exact mechanism of antidiarrheal activity shown by fruit extract of A. marmelos.

Table 3. Pharmacological activities of A. marmelos fruit.

Variety/Region Type of
Study/Activity Type of Extract Organism or Cell

Line/Assay Dosage Key Findings Reference

A. marmelos
(LallubhaiVrajalal

Gandhi,
Ahmedabad, India)

Antidiarrheal
(in vitro)

Ethanolic extract of
dried fruit pulp

Shigella boydii,
S. dysenteriae,
S. sonnei and

S. flexner
0.5–4 mg/mL

MIC:MBC
Shigella sonnei—250:500,

Shigella flexner—400:500,
Shigella boydii—500:500,

Shigella dysenteriae—250:400.
Maximum inhibition was

observed for Shigella sonnei
while minimum value of

inhibition was observed for
Shigella dysenteriae

[58]

A. marmelos Antidiarrheal
(in vivo)

Ethanolic extract of
unripe fruit

Animal model:
mice 400–800 mg/kg

Extract of unripe fruits of Aegle
marmelos show inhibition of
67.44% and 70.93% at dosages

of 400 mg/kg and
800 mg/kg, respectively

[59]

A. marmelos Antidiarrheal
(in vivo)

Methanolic extract
of unripe fruit

Animal model:
SD rat

15–1600 mg/kg
orally

Significant inhibition against
diarrhea induced by

administration of castor oil
in rats.

No wet feaces were observed
after 1 h.

[60]

A. marmelos
(Tiruchirappalli,

Tamilnadu, India)
Antioxidant

Aqueous and
alcoholic (ethanol)

extract of fruit pulp
- 100 µg/mL

DPPH assay—44.36–40.12%
(IC50 = 92.648–106.15 µg/mL);

ferric-reducing
assay—28.7–50.33%

(IC50 = 158.99–283.06 µg/mL);
NO scavenging = 52.02–63.74%;
H2O2 scavenging = 69.0–73.77%

(IC50 = 52.19–56.53 µg/ mL)

[50]

A. marmelos Antioxidant Methanolic extract
of fruit - -

DPPH assay—IC50 =
52.06 µg/mL DW; FRAP

assay—IC50 =
59.32 µmol/g DW

[63]

A. marmelos Antioxidant Methanolic extract
of fruit - 200–1000 µg/mL DPPH assay: 24.31–81.33% [64]

A. marmelos
(Delhi, India) Antioxidant Methanolic extract

of unripe fruit - - IC50 = 62.59 µg/mL
(DPPH assay) [39]

A. marmelos Antioxidant
Chloroform and

aqueous extract of
dry and ripe fruit

- 5–0.15µ/mL Scavenging activity = 88–65% [41]

A. marmelos Antidiabetic
(in vivo)

Ethanolic extract
of fruit

Animal model:
Alloxan

(120 mg/kg)
induced diabetic
rats (180–195 g)

Alloxan:
120 mg/kg;

Ethanolic extract:
125–500 mg/kg/day

Glucose—97.48–78.82 (mg/dL);
Insulin—6.58–15.64 (µIU/mL)

Reduction in glucose level
while increase in insulin level in
serum with increase in dosage

of A. marmelos fruit extract

[65]

A. marmelos
(Vijayawada,

Andhra Pradesh,
India)

Antidiabetic
(in vivo)

Aqueous extract
of fruit

Female albino
Streptozotocin
(STZ) induced

diabetic Wistar rats

AMFEt: 250 mg/kg;
STZ: 45 mg/kg

Decrease in blood glucose level
(p < 0.05, 280.0–61.4 mgdL–1)

and increase in plasma insulin
level (17.9–21.6 µUmL–1)

[66]

A. marmelos
(Vellore, Tamil
Nadu, India)

Hepatoprotective
(in vivo)

Ethanolic extract of
fruit pulp

CCl4-induced liver
damage mice

Ethanolic
extract—500 mg/kg

Reduction in SGOT: 81.3 U/mL;
SGPT: 64.5 U/mL and ALP: 8.1

KA units levels in
CCl4-treated animals

[67]

A. marmelos
(Bilaspur,

Chhattisgarh, India)

Hepatoprotective
(in vivo) Fruit pulp

Cisplatin-induced
liver damage Wistar
albino rat (91–129 g)

Cisplatin
(6 mg/kg);

Fruit extract
concentration—

2–4%

AST: 69.84–110.19 U/L
ALT: 89.26–133.25 U/L

ALP: 129.81–161.73 U/L
ACP: 131.61–182.54 U/L

(p < 0.05). Increasing activity of
antioxidant enzymes, and

significant change in
physiological parameters

[68]

A. marmelos
(Vijayawada,

Andhra Pradesh,
India)

Hepatoprotective
(in vivo)

Aqueous fruit
extract

Paracetamol-
induced liver

damage in Wistar
albino rats

Paracetamol:
2 g/kg; Aqueous

fruit extract
100–400 mg/kg

Reduction in level (p < 0.001) of
ALP (123–168 IU/L), Bilirubin

(BLN; 1.5–1.22 mg/dL),
SGPT/ALT (43–54.33 IU/L) and

SGOT/AST (176–218.3 IU/L)

[69]
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Table 3. Cont.

Variety/Region Type of
Study/Activity Type of Extract Organism or Cell

Line/Assay Dosage Key Findings Reference

A. marmelos Radioprotective
(in vivo)

Hydroalcoholic
fruit extract

Age-matched Swiss
albino mice

Dosage:
5–80 mg/kg

LD50/30 value recorded for the
group administered with bael

extract before exposure to
radiation was 8.8 Gy. Mice

administered with dosage of
20 mg/kg bael extract showed
increase in survival with 50%
and 29% survival after 10 and

30 days, respectively

[70]

A. marmelos Radioprotective
(in vivo)

Hydroalcoholic
fruit extract Mice Dosage: 20 mg/kg

LD50/30 was recorded to be
8.8 Gy for mice administered

with bael fruit extract. For
10 Gy (p < 0.001) and 9 Gy

(p < 0.05) irradiation,
pretreatment with AME

reduced 10-day mortality by
2- and 1.4-fold, respectively

[71]

A. marmelos Anti-cancerous
(in vivo)

Ethanolic fruit pulp
extract

Female Charles
Foster rats (~150 g)

Dosage: 200 mg/kg
BW/day

Decrease in breast tumor
volume (p < 0.05), as well as a

significant decrease (p < 0.0001)
in serum biomarkers- serum

malondialdehyde (MDA),
TNF-α), and glucose levels

[72]

A. marmelos Anti-cancerous
(in vitro)

Aqueous fruit pulp
extract MCF7 cell line Dosage: 100 g/mL

Maximal MCF7 cell death was
at a rate of 66.514.65%, with
IC50 value of 47.92 µg/mL

[73]

A. marmelos Anti-cancerous
(in vitro)

Methanolic extract
of the fruit

Human breast
cancer cells (SKBR3) -

IC50 of 144.00 ± 1.21 µg/mL
when bael fruit extract was

tested against SKBR3
[74]

A. marmelos Anti-cancerous
(in vivo)

Methanolic extract
of the bael
fruit pulp

Swiss albino mice Dosage:
50 mg/kg BW

Administration of bael fruit
extract (orally) results in a 70%
inhibition of tumor, with 50%
reduction in tumor incidence
during post-initiation phase

[75]

MBC = minimum bactericidal concentration; MIC = minimum inhibitory concentration.; DPPH = 2,2-diphenyl-1-
picryl-hydrazyl-hydrate).

4.2. Antioxidant Activity

Antioxidants protect the body against the side effects of free radicals, which are
responsible for number of health-related disorders such as heart disorders, high blood
pressure, cancer, and diabetes. In a study, it was observed that fruit (pulp) extract of
bael showed great antioxidant potential [50]. The authors reported that both alcoholic
and aqueous extract of fruit produced more (44.36%) or less (40.12%) DPPH anion radical
scavenging activity at dose of 100 µg/mL with IC50 value for both aqueous and alcoholic
extract equal to 92.648 µg/mL and 106.15 µg/mL, respectively. While alcoholic and aqueous
extract show reducing power (Fe3+ to Fe2+) equal to 28.7% and 50.33% at 100 µg/mL,
with IC50 value of 283.06 µg/mL and 158.99 µg/mL, respectively. The ethanolic and
aqueous fruit pulp extract exhibit substantial free radical scavenging activity, against NO
(nitric oxide) with inhibition of 52.02% and 63.74% at 100 µg/mL and extract was also
capable of scavenging H2O2 in a dose-dependent manner reaching from 73.77% (aqueous
extract) to 69.0% (ethanolic extract) with IC50 equal to 56.53 µg/mL (aqueous extract) and
52.19 µg/mL (alcoholic extract) [50]. In another study, the methanolic extract of bael fruit
was evaluated for its antioxidant activity via, DPPH and FRAP (ferric-reducing antioxidant
power) assay. From the findings, it was determined that fruit extract show IC50 value of
52.06 µg/mL DW and 59.32 µmol/g DW for DPPH and FRAP assay, respectively. The
authors of the above-mentioned study also compared the reducing capacity of fruit extract
with leaves extract of A. marmelos and the results showed that fruit extract shows higher
scavenging activity as compared to the leaves (p < 0.05) (IC50 = 46.5 µmol/g DW) [63].
While in a study conducted by Wijewardana et al. [64], scavenging activity (DPPH assay) of
A. marmelos fruit powder ranged from 24.31% to 81.33% at concentration 200 to 1000 µg/mL
of methanolic extract [64]. A study conducted on methanolic extract of unriped A. marmelos
fruit shows that fruit extract is active against DPPH free radical scavenging, as evidenced
by its IC50 equal to 62.59 µg/mL [39]. Similarly, chloroform and aqueous extract of dry
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and ripe A. marmelos fruit show significant free radical quenching activity (reducing ferric
chloride), ranging from 88% to 65% at 5–0.15 µ/mL extract concentration [41]. Based on
the findings of the studies, it was determined that the antioxidant potential of A. marmelos
may be associated with the phytochemicals present in fruit, such as phenols, flavonoids
and tannins. The antioxidant activity of A. marmelos supports that fruit may be used as
antioxidant agent to treat cellular damage caused due to free radicals and it can be used as
adjuvant with other drugs to increase effectiveness.

4.3. Antidiabetic Activity

Hyperglycaemia or high blood sugar level is typical complication of uncontrolled
diabetes, leading to serious body damage, mainly affecting nerves and blood vessels [76,77].
Recently, fruit of A. marmelos has attracted much attention due to its uses in traditional
medicinal system, but there are very limited studies related to its biological properties. In
a study, fruit extract of A. marmelos was studied for its antidiabetic effect. The findings
of the study reported that, fruit extract showed significant increase in (p > 0.001) in BWG
(body weight gain) % (30.41–32.80) and FER (feed efficiency ratio) (0.087–0.096), while
decrease in DFI (daily feed intake) (26.50–22.54 g/rat/day) when tested against alloxan
diabetic rats [65]. Further, it was observed that, administration of A. marmelos fruit extract
orally at dose of 125 mg/kg, 250 mg/kg and 500 mg/kg exhibit significant elevation in
sugar (glucose) concentration (p > 0.001; 97.48–78.82 mg/dL) and reduction in insulin level
(p > 0.01; 6.58–15.64 µIU/mL), when compared with untreated diabetic rats [65]. Interest-
ingly to the food intake, administration of alloxan to normal rats, showed hyperphagia due
to low arterio-venous gradient, as the cells cannot process glucose due to absence of insulin
hormone, which may be responsible for hyperglycemia. Though, effect of bael fruit extract
in preventing weight loss and improving food efficiency seems to be due to its ability to
reduce hyperglycemia [65,78]. In another study, aqueous extract of bael fruit (AMFEt)
was tested in female albino Streptozotocin (STZ)-induced diabetic Wistar rats and normal
rats [66]. The study involves administration of STZ (45 mg/kg) intraperitoneally to induce
diabetes in Wistar rats and AMFEt (250 mg/kg) two times daily for an interval of one
month. From the findings, it was observed that there was major decrease in plasma insulin
(p < 0.05) and significant increase in glucose level in blood (p < 0.05) in diabetic rats. While
oral treatment of AMFEt decreases the blood glucose level (p < 0.05, 280.0–61.4 mgdL–1), in-
creases plasma insulin level (17.9–21.6 µUmL–1) and improve body weight (178.6–194.0 g),
food intake (51.2–54.8 g/day) and water intake (212.5–230.0 mL/day) in diabetic group
and normal group, but no substantial change was observed in normal group (p < 0.05) [66].
From the results of the above-mentioned studies, it was revealed that A. marmelos fruit
extract has significant effect on plasma insulin and blood glucose levels. Therefore, these
studies shows that fruit of A. marmelos can be used as antidiabetic agent. However, there
are very limited studies related to the investigation of antidiabetic effect of A. marmelos.
Though, there is need to investigate further for the development of antidiabetic products
or drugs.

4.4. Hepatoprotective Activity

The liver is an important organ involved in the detoxification and disposition of toxic
substances. It is exposed to a wide range of chemotherapeutic, hepatotoxins, and xenobiotic
agents, which leads to damage and significantly involves impairment of its function and
metabolism [79,80]. In a literature survey, it was observed that the extract of bael fruit
shows significant hepatoprotective activity. In a study carried out by Rajasekaran et al. [67],
a step was taken forward to investigate the hepatoprotective effect of A. marmelos fruit.
From the results, the authors confirmed that aqueous and ethanolic fruit extract showed
moderate to significant protection activity. Ethanolic extract (500 mg/kg; p < 0.01) was
observed to have moderate activity for serum glutamate pyruvate transaminase (SGPT;
64.5 U/mL), serum glutamate oxaloacetate transaminase (SGOT; 81.3 U/mL) and alkaline
phosphatase (ALP; 8.1 KA units) in CCl4-induced liver damaged mice [67]. However,
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ethanolic extract of bael fruit holds the ability to restore normal functioning of the damaged
liver caused due to CCl4 treatment; therefore, it could be used as a hepatoprotective agent.
In a different study, A. marmelos fruit was tested for its effects in Wistar albino rats against
cisplatin-induced hepatotoxicity [68]. The authors confirmed that upon administration
of a diet containing (fruit) A. marmelos causes restoration of antioxidant status (p < 0.05)
with reduction (p < 0.05) and increase in superoxide dismutase, catalase, lipid peroxidation,
and glutathione and concentration in cisplatin-induced hepatotoxicity in tested animal
models. In addition, administration of A. marmelos (2–4%) diets to model animals signifi-
cantly reduces alanine aminotransferase (ALT), acid phosphatase (ACP), ALP, aspartate
aminotransferase (AST), and bilirubin serum concentration levels [68]. However, it was
concluded that the hepatoprotective effect of bael fruit could be due to its antioxidant
potential, evident by increasing enzymatic and also reduction in serum levels as it was
noticed that cisplatin treatment causes a reduction in enzymatic activity (antioxidant) and
elevation of liver damage marker enzymes [68]. However, the A. marmelos diet shows
protection against cisplatin-induced liver damage. Similarly, in a different study conducted
by Sastry et al. [69], the hepatoprotective potential of aqueous A. marmelos fruit was inves-
tigated. From the findings, it was observed that due to paracetamol (2 g/kg) treatment
on Wistar albino rats, the elevated levels of serum parameters were reduced (p < 0.001)
significantly after administration/treatment with fruit extract at 100–400 mg/kg BW in
a dose-dependent manner, i.e., ALP (123–168 IU/L), Bilirubin (BLN; 1.5–1.22 mg/dL),
SGPT/ALT (43–54.33 IU/L), and SGOT/AST (176–218.3 IU/L) [69]. Therefore, the re-
sults of all the studies clearly indicated that the fruit of A. marmelos is effective in the
treatment/prevention of hepato-cytotoxicity in model animals. Though, there is a need
to investigate further in the same field, as there are very limited studies related to the
hepatoprotective effect of A. marmelos fruit extract.

4.5. Radio Protective Activity

A study was conducted in which the hydroalcoholic fruit pulp extract of A. marmelos
was examined for its radioprotective effects, which indicated that bael fruit is of medical
and nutritional benefit [81,82]. Swiss albino mice animal model was administered a range
of doses (5, 10, 20, 40, or 80 mg/kg) intraperitoneally (i.p.) for 5 successive days before
being subjected to 10 Gy (exposure dosage) of gamma-radiation. Only 20 mg/kg groups
showed a substantial increase in survival, with 50% (on 10 days) and 29% (on 30 days)
survival after irradiation (p < 0.001). Dose-dependent studies were also carried out by
administering either a placebo or 20 mg/kg bael fruit extract before exposure to irradiation
(6–11 Gy). The LD50/30 for the group that was exposed to radiation alone was 8.2 Gy, while
the LD 50/30 for the group administered bael fruit extract before exposure to radiation was
8.8 Gy. As the DRF was found to be insignificant (1.1), no further research on the fruit
extract was conducted [70]. In another study, the radioprotective effect of hydroalcoholic
A. marmelos fruit extract (AME) was evaluated in mice exposed to varying amounts of
radiation. The radioprotection optimal dose was found by giving AME i.p. 5 days (one per
day) before being exposed to 10 Gy of radiation. Dosage of 20 mg/kg of AME (5 days prior
to irradiation) was found to be most effective in radioprotection, as supported by the largest
number of survivors after 30 days. Treatment of tested animals with AME before exposure
to radiation reduced the effects of radiation sickness symptoms and mortality across all
levels of radiation. On comparing the AME + irradiation group to the simultaneous sterile
physiological saline (SPS) + irradiation group, the former group had a higher number
of survivals. As shown by the higher number of survivors on days 10 and 30, AME
pretreatment provides protection against bone marrow and gastrointestinal mortality. For
10 Gy (p < 0.001) and 9 (p < 0.05) irradiation, pretreatment with AME reduced 10-day
mortality by 2- and 1.4-fold, respectively. With the 11 Gy dose of AME, a considerable %
of the animals survived, but none of the animals in the contemporaneous control group
survived past day 9 post-irradiation on day 10. For 9 and 8 Gy irradiation, pretreatment
with AME reduced 30-day mortality by 2.6- and 1.2-fold, respectively. The treatment with
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AME prior to exposure to 10 Gy radiation resulted in a survival rate of 41.6%, while no
survivors were reported in the concurrent control group. The LD50/30 was found to be
8.8 Gy for the AME+ irradiation group and 8.2 Gy for the SPS-treated group when the
survival rate was plotted as log values v/s a linear irradiation dose scale [71].

4.6. Anticancer Activity

The anticancer potential of A. marmelos fruit extract was investigated in different
studies. In a recent study, breast cancer was promoted in a rat animal (55–60 days old;
150 ± 10 g) model using 7,12-dimethylbenz(a)anthracene (DMBA; 20 mg/mL diluted in
Olive oil). The ethanolic fruit pulp of A. marmelos was administered orally (200 mg/kg b.w./day)
for the next five weeks after developing breast tumors (approximately 0.5 cm), and later,
the amount of tumor was measured. Treatment with fruit extract of A. marmelos resulted
in a reduction in breast tumor volume (p < 0.05), involving a significant drop (p < 0.0001)
in serum biomarkers such as serum malondialdehyde (MDA), TNF-α, and glucose levels.
After therapy with ethanolic fruit pulp extract, considerable (p < 0.0001) improvements in
both liver and kidney serum biomarker values were detected. Taking everything into con-
sideration, the ethanolic fruit pulp extract of A. marmelos displays anti-proliferative activity
by slowing the progression of breast cancer in a tested animal model (rat). Hepato-renal
protection is also a benefit of the plant extract. Therefore, it could be used as a new and safe
anticancer therapy against breast cancer cell lines [72]. Natural phytochemical substances
are being used in cancer chemoprevention as a new way to prevent, postpone, or cure
cancer. The MTT assay is a colorimetric method for determining cell metabolism, while
MTT in vitro cell proliferation assay was used extensively for evaluating the preliminary
cytoprotective efficacy of synthetic derivatives, natural compounds, and extracts obtained
from natural products. This assay indicates whole-cell cytotoxicity; however, additional
assays are required to determine the precise molecular target. Kinase enzymes play a
significant role in a number of biological processes, and inhibitors of kinase enzymes have
been reported to exhibit cytoprotective effects against various human cancer cell lines. The
water-soluble MTT (3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide) is con-
verted to insoluble formazan in the MTT experiment, followed by involving solubilization
of formazan. The concentration is determined by optical density measurements at 570 nm.
At a concentration of 100 g/mL of aqueous fruit pulp extract of A. marmelos, the maximal
MCF7 cell death was 66.51%, and the IC50 was 47.92 µg/mL. The anticancer activity was
measured using the MTT test method, which revealed an IC50 value of 47.92 µg/mL [73].
Chemotherapy seems to be the gold standard in cancer treatment for over 60 years and is
still effective in the treatment of metastatic malignancies. However, the majority of thera-
peutically utilized chemotherapeutic drugs have intrinsic histological toxicity, reducing the
remedial benefit [71]. The methanolic extract of the fruit has been demonstrated to have a
cytotoxic impact (in vitro) on the SKBR3 cell line (human breast cancer cells) in preclinical
studies. The IC50 was found to be 144.00 ± 1.21 µg/mL, indicating the pulp as an anticancer
agent [74]. Chemoprevention is a strategy for cancer prevention that is based on a protective
approach to cancer control [16]. Recent investigations in Swiss albino mice have revealed
that a methanolic fruit pulp extract of A. marmelos has strong preventive properties against
DMBA-induced cutaneous papilloma genesis. In the preinitiation phase (7 days before and
after DMBA application), administration of the bael extract orally (50 mg/kg B.W.) resulted
in a 70% reduction in tumor incidence, while the post-initiation phase (start of croton oil
treatment to the end of the experiment) resulted in a 50% decrease in tumor prevalence.
Bael fruit also decreased the overall number of tumors, frequency of occurrence per animal,
and tumor production, implying that it could be used as a chemo-preventive drug [75].

5. Conclusions and Future Perspectives

Bael is being cultivated and consumed worldwide due to its highly nutritious value,
delightful taste, and valuable biological activities. The review showed the brilliant com-
position of bioactive compounds in bael fruits, such as carbohydrates, proteins, various
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vitamins, fatty acids, and minerals, along with many phytochemicals including terpenoids,
flavonoids, saponins, tannins, phenolic acids, and glycosides. The bael fruit has also proved
to possess antidiarrheal, antioxidant, antidiabetic, hepatoprotective, radioprotective, and
anti-cancerous properties in various experiments conducted in vivo and in vitro on human
cell lines and animal models. The review highlighted the high potential of bael fruits in
accordance with their nutritional value and useful bioactivities. The bael fruit can be used
widely as powder, wine, preserve, jam, and juice, which can be very effective for patients
with diabetes, oral-gastric ulcers, and cancer. Various clinical experiments have been under-
taken to guarantee that the bael fruit is safe to consume, but knowledge of its physiology
and bioactivities in humans is limited. Therefore, it is critical to conduct more research
into the molecular mechanisms of bael fruit bioactivities to explore the applications of its
compounds in food and pharmaceutical products. Considering all the concerns related to
the safety of humans, clinical trials of bael fruit-based products will increase their value
as food and pharma products by a huge margin, which might prove its potential worth in
forthcoming days.
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