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ABSTRACT

This study explores bioactive compounds in plants, focusing on flavonoids and azadirachtin,
known for their antioxidant, anti-inflammatory, and therapeutic properties. Flavonoids such as Morin,
Naringin, Quercetin, and Rutin—are analyzed in the leaves of Psidium guajava (Guava), Pongamia pinnata
(Pongamia), Rubus fruticosus (Blackberry), and Mangifera indica (Mango). Whereas Azadirachtin, a
tetranortriterpenoid with biopesticidal and medicinal benefits, is assessed in the leaves of Azadirachta
indica (Neem). High-Performance Liquid Chromatography (HPLC) with a reverse-phase column is used for
qualitative and quantitative analysis. The mobile phase used for flavonoids is 0.1% phosphoric acid and
acetonitrile (1:3) whereas the mobile phase used for azadirachtin is methanol and water (3:2). This study
identified flavonoids and azadirachtin in above plant leaves, with specific retention times (RT) confirming
their presence. In Psidium guajava (Guava), Naringin and Quercetin were detected at 7.13 min and 2.527
min, respectively. Pongamia pinnata (Pongamia) contained Morin, Naringin, Quercetin, and Rutin at 3.887
min, 7.130 min, 2.527 min, and 4.780 min, respectively. Rubus fruticosus (Blackberry) exhibited Quercetin,
Morin, and Naringin at 2.567 min, 3.887 min, and 5.673 min, respectively, while Mangifera indica (Mango)
showed the presence of Quercetin and Morin at 2.593 min and 3.393 min, respectively. For azadirachtin in
Azadirachta indica (Neem), concentrations and RTs varied by leaf condition: dried (5.85 pg/mL, 3.327 min),
semi-dried (20.12 pg/mlL, 3.253 min), and fresh (11.71 pg/mL, 2.305 min). obtained results concluded that
quercetin is a more prominent flavonoid present in tested plant leaves whereas remaining flavonoids exist
in lower quantities. Azadirachta shown a significant quantity in neem leaves but the previous studies
conclude that it is more prominent in neem cornels. This study extends to the medicinal and remedial
studies of various diseases and their physiological effects.
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INTRODUCTION

Mangifera indica (Mango), Rubus fruticosus (Blackberry), Pongamia pinnata (Pongamia), Psidium
guajava (Guava), and Azadirachta indica (Neem) are significant plants with diverse applications in
nutrition, medicine, ecology, and industry. Mango is a highly valued fruit, rich in vitamins A and C,
carotenoids, and flavonoids, making it beneficial for immunity and digestion [1]. It also has strong
antioxidant and anti-inflammatory properties, supporting cardiovascular and skin health [2]. Blackberry is
equally rich in bioactive compounds, particularly anthocyanins and flavonoids, which contribute to its
strong antioxidant and antidiabetic properties [3]. It is commonly used in dietary supplements, jams, and
wines, playing a crucial role in gut health and cardiovascular protection [4].

Pongamia, in contrast, is primarily valued for its biofuel potential. Its seeds contain karanjin and
pongamol, compounds with medicinal and pesticidal properties. Additionally, Pongamia pinnata is a
nitrogen-fixing tree, improving soil fertility and making it an excellent choice for reforestation and
agroforestry [5]. Guava is a highly nutritious fruit, known for its exceptional vitamin C content and
antimicrobial properties [6]. It is widely used in the food and pharmaceutical industries, with studies
supporting its role in diabetes management and digestion improvement [7]. The leaves of guava also
contain quercetin and other flavonoids, which contribute to their antibacterial effects [8].

Neem is a powerhouse of medicinal applications due to its rich composition of azadirachtin,
Nimbin, and flavonoids, making it an effective natural pesticide, antimicrobial, and antifungal agent [9]. It
plays a significant role in sustainable agriculture by acting as a bio-pesticide, reducing reliance on synthetic
chemicals [10]. Neem is also used extensively in pharmaceuticals, cosmetics, and traditional medicine due
to its wound-healing and immune-boosting properties [11]. Ecologically, neem and Pongamia pinnata are
crucial for environmental sustainability, contributing to reforestation, soil conservation, and pest
management [12].

Whereas mango, blackberry, and guava are predominantly valued for their nutritional and
medicinal benefits, pongamia and neem hold immense industrial and ecological significance. All five plants
share high flavonoid content, contributing to their strong medicinal properties [13]. Their combined
significance underscores their importance in human health, agriculture, and environmental conservation,
making them valuable across multiple domains.

Table 1: Taxonomy of Mango, Blackberry, Pongamia, Guava, and Neem.

Feature Mango Blackberry Pongamia Guava Neem
(Mangifera (Rubus (Pongamia (Psidium (Azadirachta
indica) fruticosus) pinnata) guajava) indica)
Kingdom Plantae Plantae Plantae Plantae Plantae
Phylum Angiosperms Angiosperms Angiosperms Angiosperms Angiosperms
Class Eudicots Eudicots Eudicots Eudicots Eudicots
Order Sapindales Rosales Fabales Myrtales Sapindales
Family Anacardiaceae Rosaceae Fabaceae Myrtaceae Meliaceae
Genus Mangifera Rubus Pongamia Psidium Azadirachta
Species | Mangifera indica | Rubus fruticosus Pongamia Psidium Azadirachta
pinnata guajava indica

Flavonoids and terpenoids are vital phytochemicals with extensive applications in medicine,
agriculture, and human health. Among flavonoids, morin, naringin, quercetin, and rutin are known for their
strong antioxidant, anti-inflammatory, and therapeutic properties. Morin and rutin are found in various
fruits such as guava, onion, and other fruits, which exhibit potential antioxidant, anticancer effects,
neuroprotective, and cardioprotective benefits too [1]. Naringin, abundant in citrus fruits, is known for its
anti-inflammatory, antiviral, and cholesterol-lowering properties, making it significant in cardiovascular
health and metabolic disorders [14]. Quercetin, one of the most widely studied flavonoids, is present in
onions, berries, and apples. It is key in reducing oxidative stress, supporting immune function, and offering
anticancer and neuroprotective effects [13]. Rutin, structurally related to quercetin and found in guava,
blackberries, and citrus fruits, is particularly known for its vascular health benefits, strengthening
capillaries and reducing the risk of varicose veins and cardiovascular diseases [3].
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In contrast to flavonoids, azadirachtin is a terpenoids derived from neem (Azadirachta indica) and
is primarily known for its role in pest control. Unlike flavonoids, which focus on human health benefits,
azadirachtin is an ecological and agricultural asset due to its potent insecticidal, antifungal, and
antimicrobial properties [9]. It disrupts insect growth and reproduction, making neem-based pesticides a
sustainable alternative to synthetic chemicals [10]. Additionally, azadirachtin has applications in
pharmaceuticals for its anti-inflammatory and immune-boosting properties [11].

While flavonoids like morin, naringin, quercetin, and rutin primarily function as antioxidants,
cardio protective agents, and immune boosters, azadirachtin serves as an environmental protector, bio-
pesticide, and medicinal compound [15]. The convergence of these phytochemicals in medicine, nutrition,
and agriculture highlights their significance in human health and sustainability.

Table 2: Comparative Significance of Mango, Blackberry, Pongamia, Guava, and Neem.

Aspect Mango Blackberry Pongamia Guava Neem
(Mangifera (Rubus (Pongamia (Psidium (Azadirachta
indica) fruticosus) pinnata) guajava) indica)
Medicinal Contains Rich in Leaves and High vitamin C Contains
Uses polyphenols, anthocyanins, | seeds contain | content, azadirachtin,
flavonoids, flavonoids, bioactive antibacterial nimbin, and
and and vitamin compounds and flavonoids, with
carotenoids C, useful in for treating antidiabetic strong
with managing skin diseases, | properties. antimicrobial
antioxidant, diabetes and ulcers, and and antifungal
anti- improving inflammation. effects.
inflammatory, | heart health.
and
anticancer
properties.
Nutritional High in Rich in Seeds contain | Contains Not consumed
Value vitamin C, vitamin C, fatty acids vitamin C, directly but
vitamin A, and | fiber, and and proteins; | lycopene, and neem oil has
fiber; antioxidants, not dietary fiber, medicinal
supports beneficial for | commonly beneficial for applications.
immunity and | gut health. consumed but | digestion and
digestion. used in immunity.
medicine.
Ecological Important for | Supports Actsas a Attracts Helps in
Role pollinators wildlife by nitrogen fixer, | pollinators and | reforestation
and provides | providing improving supports and acts as a
shade. food for birds | soil fertility. agroforestry. natural
and pesticide.
mammals.
Industrial Used in food, | Utilized in Produces Used in food, Used in pest
Uses cosmetics, jams, wines, biofuel from cosmetics, and control,
and and dietary seeds, also pharmaceutical | cosmetics,
traditional supplements. | used in S. pharmaceutical
medicine. pharmaceutic s, and
als. agriculture.
Phytochemica | Contains High in Rich in Contains Contains
1 Content mangiferin, anthocyanins, | pongamol, quercetin, azadirachtin,
quercetin, and | flavonoids, karanjin, and | lycopene, and nimbin, and
carotenoids. and ellagic flavonoids. gallic acid. flavonoids.
acid.
Environment | Actsasa Aids in Improves soil | Helps prevent Drought-
al Benefits carbon sink erosion health by soil erosion and | resistant and
and improves | control and nitrogen maintains provides
air quality. supports fixation. biodiversity. natural pest
biodiversity. control.
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Based on the above studies, the current research focused on to evaluate and quantify flavonoids
such as Morin, Naringin, Quercetin, and Rutin—along with the terpenoid Azadirachtin found in Neem
(Azadirachta indica). High-Performance Liquid Chromatography (HPLC) is used for the precise isolation
and quantification of the compounds. The specific objectives are, extraction and isolation of the flavonoids
(leaves of Mango, Blackberry, Guava, and Pongamia) and terpenoids from the Neem plant leaves by using
HPLC technique, as well a comparative study on the analysis the flavonoids and terpenoids present in the
plant leaves.

METHODOLOGY

The evaluation of flavonoids and terpenoids in Mangifera indica (Mango), Psidium guajava (Guava),
Rubus fruticosus (Blackberry), Pongamia pinnata (Pongamia), and Azadirachta indica (Neem) involves a
systematic methodology encompassing shade drying of leaves, Soxhlet extraction, and High-Performance
Liquid Chromatography (HPLC) analysis. This approach ensures the efficient isolation and quantification
of bioactive compounds [16].

Preparation and Extraction of Plant Extract

Leaf samples, including both newborn and mature leaves, are collected. The leaves are dried using
the shade-dry method, then crushed using a mortar and pestle until a fine powder is obtained. The powder
is stored in a dark environment until further use [17].

Soxhlet Extraction

Samples are weighed (20 grams) and prepared for extraction. The Soxhlet apparatus is cleaned
using ethanol before loading the sample and solvent system. The setup is maintained at a heating
temperature of 30°C, and eight extraction cycles are performed. The resulting extract is stored at room
temperature for further analysis [18].

High-Performance Liquid Chromatography (HPLC)

High-Performance Liquid Chromatography (HPLC) is used to separate, identify, and quantify
compounds in the plant extracts. The mobile phase consists of a mixture of water, organic solvents, and
buffers at a specific pH. The sample is dissolved in a suitable solvent and filtered through a 0.22 or 0.45 pum
filter to remove particulates. The HPLC system includes a pump, injector, column, and detector. The mobile
phase is pumped through the column at a constant flow rate, and the sample is injected into the system
using an autosampler or manual injector. Separation occurs based on interactions with the stationary
phase, and detection is achieved using a UV-Vis detector. Retention times of the compounds are recorded,
and data analysis is performed to determine the concentration and purity of the analytes based on peak
areas or heights. The column is flushed with a high proportion of organic solvent post-analysis to remove
residual compounds and maintain performance [19].

RESULTS

The HPLC analysis revealed significant variations in the retention times and concentrations of
flavonoids and azadirachtin across different plant samples. The standard HPLC method for flavonoids was
conducted using an RP column with a mobile phase of 0.1% H3PO, and acetonitrile (25:75), a flow rate of
1 mL/min, a detection wavelength of 350 nm, and a column temperature of 37°C. The retention times for
the standard flavonoids were recorded as follows: morin at 3.887 min, naringin at 7.130 min, quercetin at
2.513 min, and rutin at 4.780 min as per standard chromatograms (Figures 1-4). In comparison, the
analysis of mango leaf extract showed similar retention patterns, with quercetin detected at 2.593 min
(peak area: 57.1761 mAUmin) and morin at 3.393 min (peak area: 201.3511 mAUmin), indicating a higher
concentration of morin compared to quercetin (Figure 5).
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Figure 1: Standard Chromatogram of Morin.
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Figure 2: Standard Chromatogram of Naringin.
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Figure 3: Standard Chromatogram of Quercetin.

July - August 2025 RJPBCS 16(4) Page No. 11



ISSN: 0975-8585

ao_flavo-24#2 std
“:mAUg
1 18 §-4780
B0
13
13
] 8
4 o
]
1 5 4-258
B B -
] Q
d Q
1 |E
- 1-0807 2-1420 3-189 ‘ 5- 4067
N I [ [ T T
1 g
N
Il
Wt e
03 05 10 15 20 25 30 35 40 45 50 55 60 65

Figure 4: Standard Chromatogram of rutin.
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Figure 5: Chromatogram of Mango.

Blackberry leaf extract exhibited all four flavonoids, with retention times of morin at 3.640 min,

naringin at 7.840 min, quercetin at 2.567 min, and rutin at 4.480 min (Figure 6). The peak areas were
recorded as 1.7572, 189.5961, 48.1537, and 12.0042 mAUmin, respectively, suggesting that naringin was
the most abundant flavonoid in blackberry leaves. Similarly, guava leaf extract followed the standard
retention times, with naringin at 7.13 min and quercetin at 2.527 min, showing peak areas of 189.5961
mAUmin and 48.1537 mAUmin, respectively. These values indicate that naringin was more prominent than
quercetin in guava leaves, consistent with previous reports on its high flavonoid content (Figure 8).
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Figure 6: Chromatogram of blackberry.
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Figure 7: Chromatogram of Pongamia pinnata (L.) Pierre.
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Figure 8: Chromatogram of Psidium guajava Linn.

For azadirachtin, the standard is analyzed using an RP column with a mobile phase of methanol
and water (60:40), a detection wavelength of 214 nm, and a column temperature of 37°C. The retention
time for the standard azadirachtin is recorded at 2.88 min, with a peak area of 33.7721 mAUmin (Figure
9). Comparatively, neem leaf samples show distinct variations in azadirachtin retention times and
concentrations depending on their drying conditions. Dried neem leaves (Sample 1) exhibit a retention
time of 3.327 min with a peak area of 197.78 mAUmin, corresponding to an azadirachtin concentration of
5.85 ug/mL (Figure 10). Semi-dried leaves (Sample 2) have a retention time of 3.253 min and a significantly
higher peak area of 679.7476 mAUmin, indicating an azadirachtin concentration of 20.12 pg/mL (Figure
11). Fresh leaves (Sample 3) have a retention time of 2.305 min and a peak area of 395.5559 mAUmin,
corresponding to a concentration of 11.71 pg/mL (Figure 12). These results suggest that semi-dried neem
leaves retain the highest concentration of azadirachtin, while dried leaves exhibit the lowest concentration.
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Figure 9: Chromatogram of Azadirachtin Standard
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Figure 10: Chromatogram for Sample 1 (Fully dried neem leaves)
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Figure 12: Chromatogram of Sample 3 (Fresh neem leaves)

DISCUSSION

The current study highlights the diverse distribution and quantification of flavonoids in Mangifera
indica (Mango), Psidium guajava (Guava), Rubus fruticosus (Blackberry), Pongamia pinnata (Pongamia),
and terpenoids in Azadirachta indica (Neem) plant leaves using High-Performance Liquid Chromatography
(HPLC). Quercetin is the most prominent flavonoid present in all the plant leaves. Among the tested plants,
Pongamia pinnata exhibited the highest diversity of flavonoids, containing morin, naringin, quercetin, and
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rutin. Blackberry (Rubus fruticosus) and Mango (Mangifera indica) also showed notable concentrations of
quercetin and morin [16]. Guava (Psidium guajava) leaves were particularly rich in naringin and quercetin

[8].

The quantification of azadirachtin in Azadirachta indica (Neem) leaves revealed significant
variation based on drying conditions, with semi-dried leaves exhibiting the highest concentration (20.12
pg/mL, RT = 3.253 min), followed by fresh leaves (11.71 pg/mL, RT = 2.305 min) and dried leaves (5.85
pug/mL, RT = 3.327 min) [15]. This suggests that drying methods influence the retention of bioactive
compounds, a factor that should be considered in extraction and formulation processes [11]. The results
also support existing literature, which identifies neem kernels as a more concentrated source of
azadirachtin compared to leaves [10]. Nonetheless, the presence of this terpenoid in neem leaves highlights
their continued relevance in eco-friendly pest control and medicinal applications [9]. The differences in
flavonoid and terpenoid distribution among the studied plants underscore the influence of species-specific
metabolic pathways and environmental factors on phytochemical accumulation [13]. These findings are
consistent with previous studies on the phytochemical composition of these plants, which indicate their
beneficial effects on human health, including anti-inflammatory, anticancer, and cardio protective
properties [1].

CONCLUSION

These study successfully evaluated and quantified key flavonoids (morin, naringin, quercetin, and
rutin) and the terpenoid azadirachtin in selected plant leaves using High-Performance Liquid
Chromatography (HPLC). The findings reveal that quercetin is the most prominent flavonoid across the
analyzed plant samples, while naringin and morin also show notable concentrations, particularly in guava,
blackberry, and mango leaves. Among the tested species, Pongamia pinnata exhibited the highest diversity
of flavonoids, making it a potential source for multiple bioactive compounds. Whereas the presence of
azadirachtin in neem leaves varied significantly because of drying conditions, semi-dried leaves exhibit the
highest concentration of Azadirachtin. The results contribute to the growth of knowledge on plant-based
bioactive compounds and their applications in pharmaceutical, nutraceutical, and agricultural industries.
Future studies should focus on optimizing extraction techniques to enhance compound yield, investigating
potential synergistic effects among flavonoids and terpenoids, and exploring their bioavailability and
therapeutic efficacy in clinical studies.
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