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Abstract:

Phytochemistry plays a pivotal role in understanding the chemical constituents of medicinal plants and their
biological activities. Phytochemical screening provides insights into bioactive compounds such as alkaloids,
flavonoids, tannins, saponins, terpenoids, and glycosides. These compounds contribute significantly to
therapeutic properties, including antimicrobial, antioxidant, anti-inflammatory, and anticancer activities. This
review highlights the importance of phytochemistry, methods of phytochemical screening, and the relevance of

medicinal plants in drug discovery and development.
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1.Introduction

It will be recalled that in the food chain, plants are referred to as the producers because they had the ability to
trap energy from sunlight, harness and assemble some basic units which they transform through some chemical
process into complex high energy-yielding compounds that are readily available to organisms. Their generosity
became overwhelmingly and practically complex to comprehend at a glance. A field has to emerge —
“phytochemistry.”[1]

Medicinal plants have been integral to traditional medicine systems for centuries. The therapeutic properties of
these plants stem from their diverse phytochemicals[2]. The study of phytochemicals has been instrumental in
the discovery of new plant natural products which are of commercial values in various industries such as the
traditional and complementary medicine systems, pharmaceutical industries, nutraceuticals, and dietary

supplement industries[3]. Phytochemicals (from the Greek word phyto,meaning plant) are biologically active,

IJCRT2501648 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 655


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

naturally occurring chemical compounds found in plants, which provide health benefits for humans further than
those attributed to macronutrients[4] .Phytochemicals have been in existence since time immemorial and are
known to be responsible for the organoleptic properties (color, taste, flavor, aroma, and odor) of plants, such as

the smell of garlic, ginger, and the deep purple color of blueberries[1]

The growing interest in natural remedies has propelled research into their chemical profiles and pharmacological
potential. This review focuses on the role of phytochemistry in exploring medicinal plants and the methods

employed in phytochemical screening[5]
Phytochemistry: Definition and Importance

Phytochemistry is the branch of science that focuses on the chemical composition of plants. It deals with the
study of plant-derived compounds, particularly secondary metabolites, which have ecological and medicinal
significance. These compounds are responsible for plants' therapeutic, aromatic, and protective properties[6].

Phytochemistry is important because phytochemicals are bioactive substances found in plants that have many

health benefits for humans[7]

Phytochemicals protect cells from damage caused by free radicals, which are molecules that steal electrons
from other compounds to stabilize themselves. This can help reduce the risk of many diseases, including
cardiovascular  disease, diabetes, and inflammatory  diseases,  Strengthening the immune
system,Reducing inflammation,,Preventing DNA damage and helping DNA repair,Slowing cancer cell growth,

Regulating hormones,Preventing damaged cells from reproducing[8]

Phytochemistry involves the extraction, isolation, characterization, and quantification of bioactive compounds

in plants.
2 Classification of Phytochemicals is described as under;
Phytochemicals are broadly categorized into primary and secondary metabolites:

2.1.Primary Metabolites: Prinary constituents are essential for plant growth and development.

Primary constituents include the common sugars, amino acids, proteins, purines and pyrimidines of nucleic
acids, chlorophyll’s etc.[9]

2.2 Secondary Metabolites: Responsible for ecological interactions and therapeutic properties.

Secondary constituentsare the remaining plant chemicals such as alkaloids, terpenes, flavonoids, lignans, plant

steroids, curcumines, saponins, phenolics, flavonoids and glucosides.[10]
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2.2.1 Phenolics

Phenolic phytochemicals are the largest category of phytochemicals and the most widely distributed in the plant
kingdom. The three most important groups of dietary phenolics are flavonoids, phenolic acids, and polyphenols.
Phenolic are hydroxyl group (-OH) containing class of chemical compounds where the (-OH) bonded directly
to an aromatic hydrocarbon group. They are plant secondary metabolites, and they have an important role as
defence compounds. phenolics exhibit several properties beneficial to humans and its antioxidant properties are
important in determining their role as protecting agents against free radical-mediated disease processes.

Phenolic acid compounds have been studied mainly for their properties against oxidative damage leading to
various degenerative diseases, such as cardiovascular diseases, inflammation and cancer. Indeed, tumour cells,
including leukaemia cells, typically have higher levels of reactive oxygen species (ROS) than normal cells so

that they are particularly sensitive to oxidative stress[11].

2.2.2 Flavonoids

Flavonoids are polyphenolic compounds that are ubiquitous in nature. More than 4,000 flavonoids have been
recognised, many of which occur in vegetables, fruits and beverages like tea, coffee and fruit drinks[12]. The
flavonoids appear to have played a major role in successful medical treatments of ancient times, and their use
has persisted up to now. More than 4000 flavonoids have been described so far within the parts of plants
normally consumed by humans and approximately 650 flavones and 1030 flavanols are known[13]. Flavonoids
have gained recent attention because of their broad biological and pharmacological activities in these order
Flavonoids have been reported to exert multiple biological property including antimicrobial, cytotoxicity,
antiinflammatoryas well as antitumor activities but the best-described property of almost every group of
flavonoids is their capacity to act as powerful antioxidants which can protect the human body from free radicals
and reactive oxygen species. The capacity of flavonoids to act as antioxidants depends upon their molecular
structure. On the other hand flavonoids such as luteolin and cathechins, are better antioxidants than the nutrients
antioxidants such as vitamin C, vitamin E and -carotene. Flavonoids have been stated to possess many useful
properties, containing anti-inflammatoryactivity, enzyme inhibition, antimicrobial activity, oestrogenic activity,
anti-allergic activity, antioxidant activity, vascular activity and cytotoxic antitumor activity[14]. Flavonoids
constitute a wide range of substances that play important role in protecting biological systems against the
harmful effects of oxidative processes on macromolecules, such as carbohydrates, proteins, lipids and
DNA[15,84] .

2.2.3 Tannins
From a chemical point of view it is difficult to define tannins since the term encompasses some very diverse
oligomers and polymers[16,17]. It might be said that the tannins are a heterogeneous group of high molecular

weight polyphenolic compounds with the capacity to form reversible and irreversible complexes with proteins
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(mainly), polysaccharides (cellulose, hemicellulose, pectin, etc.), alkaloids, nucleic acids and minerals,
etc[18,19,20]. On the basis of their structural characteristics it is therefore possible to divide the tannins into
four major groups: Gallotannins, ellagitannins, complex tannins, and condensed tannins[21,22,23]

Tannins are used in the dyestuff industry as caustics for cationic dyes (tannin dyes), and also in the production
of inks (iron gallate ink). In the food industry tannins are used to clarify wine, beer, and fruit juices. Other
industrial uses of tannins include textile dyes, as antioxidants in the fruit juice, beer, and wine industries, and
as coagulants in rubber Production[24].

In medicine, especially in Asian (Japanese and Chinese) natural healing, the tannin-containing plant extracts
are used as astringents, against diarrhoea, as diuretics, against stomach and duodenal tumours[25], and as

antiinflammatory, antiseptic, antioxidant and haemostatic pharmaceuticals[26,85,86].

2.2.4. Alkaloids

Alkaloids are natural product that contains heterocyclic nitrogen atoms, are basic in character. The name of
alkaloids derives from the “alkaline” and it was used to describe any nitrogen-containing base[27]. Alkaloids
are naturally synthesis by a large numbers of organisms, including animals, plants, bacteria and fungi. Some of
the fires natural products to be isolated from medicinal plants were alkaloids when they first obtained from the
plants materials in the early years of 19th century, it was found that they were nitrogen containing bases which
formed salts with acid. Hence they were known as the vegetable alkalis or alkaloids and these alkaloids are used
as the local anesthetic and stimulant as cocaine[28]. Almost all the alkaloids have a bitter taste. The alkaloid
quinine for example is one of the bitterest tasting substances known and is significantly bitter at a molar
concentration[29].

Alkaloids are significant for the protecting and survival of plant because they ensure their survival against
micro-organisms (antibacterial and antifungal activities), insects and herbivores (feeding deterrens) and also
against other plants by means of allelopathically active chemicals[30]. The useof alkaloids containing plants as
dyes, spices, drugs or poisons can be traced back almost to the beginning of civilization. Alkaloids have many
pharmacological activities including antihypertensive effects ( many indole alkaloids), antiarrhythmic effect
(quinidine, spareien), antimalarial activity (quinine), andanticancer actions (dimeric indoles, vincristine,
vinblastine). Some alkaloids have stimulant property as caffeine and nicotine, morphine are used as the

analgesic and quinine as the antimalarial drug[26].
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2.2.5 Terpenoids

The terpenoids are a class of natural products which have been derived from five-carbon isoprene units. Most
of the terpenoids have multi cyclic structures that differ from on by their functional groups and basic carbon
skeletons. These types of natural lipids can be found in every class of living things, and therefore considered as
the largest group of natural products[31]. Many of the terpenoids are commercially interesting because of their
use as flavours and fragrances in foods and cosmetics examples menthol and sclareol or because they are
important for the quality of agricultural products, such as the flavour of fruits and the fragrance of flowers like
linalool[32]. Terpene hydrocarbons therefore have molecular formula (C5H8) n and they are classified
according to the number of isoprene units sush as Hemiterpenoids, Monoterpenoids, Sesquiterpenes
Diterpenes , Triterpenes , Tetraterpenoids. Terpenoids can have medicinal properties such as anticarcinogenic
(e.g. perilla alcohol), antimalarial (e.g. artemisinin), anti-ulcer, hepaticidal, antimicrobial or diuretic (e.g.
glycyrrhizin) activity and the sesquiterpenoid antimalarial drug artimisinin and the diterpenoid anticancer drug
taxol.[33,34].

2.2.6 Saponins

Saponins are a group of secondary metabolites found widely distributed in the plant kingdom They form a stable
foam in aqueous solutions such as soap, hence the name “saponin”. Chemically, saponins asa group include
compounds that are glycosylated steroids, triterpenoids, and steroid alkaloids. Many saponins are known to be
antimicrobial, to inhibit mould, and to protect plants from insect attack. Saponins may be considered a part of
plants’defence systems, and as such have been included in a large group of protective molecules found in plants
named phytoanticipins or phytoprotectants[35]. Extensive research has been carried out into the membrane-
permeabilising, immunostimulant, hypocholesterolaemic and anticarcinogenic properties of saponins and they
have also been found to significantly affect growth, feed intake and reproduction in animals. These structurally
diverse compounds have also been observed to kill protozoans and molluscs, to be antioxidants, to impair the
digestion of protein and the uptake of vitamins and minerals in the gut, to cause hypoglycaemia, and to act as

antifungal and antiviral[36,37].

3. COMMONLY USED EXTRACTION METHODS FOR PHYTOCHEMICAL

Extraction is the separation of medicinally active portions of plant using selective and standard procedures. It
is the crucial first step in the analysis of medicinal plants, because it is necessary to extract the desired chemical
components from the plant materials for further separation and characterization [38].

There are several extractions methods for the separation of natural product from plants present. These methods
can be called conventional (long been used) and modern (developed more recently).Conventional techniques
are the one using organic solvents or water and are carried out generally at atmospheric pressure while modern

techniques using pressure and / or elevated temperatures [39].
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The extraction of natural products progresses through the following stages: [40] the solvent penetrates into the
solid matrix; [41] the solute dissolves in the solvents; the solute is diffused out of the solid matrix; the extracted
solutes are collected [42]. For the extraction procedures, solvents such as water, ethanol, chloroform,
dichloromethane, hexane, ethyl acetate, methanol etc. are most commonly used. The conventional extraction
methods generally use organic solvents and require a large volume of solvents and long extraction time [43,44].
Several of the commonly used extraction methods (conventional and modern) from medicinal plants are
discussed below:

I Maceration

In this routinely used extraction method, an airtight vessel (preferably amber in color) is used. Then the vessel
is packed with plant material such as barks, flowers, leaves, roots, seeds, and tubers which are coarsely
powdered[45]. Menstruum, which is the solvent used in extraction, is subsequently poured over the plant
material until being fully covered. Then the vessel is tightly sealed and stored for 3-7 days with continuous
agitation regularly. The days kept for maceration depend on the type of plant material being used and the method
of evaporation chosen. After the extraction process, the mixture is filtered using filter paper or a muslin cloth
before evaporation. Then, the micelle can be evaporated with the help of an oven or a water bath to isolate it
from the extraction solvent. This method is considered very suitable for heat-stable plant materials. Based on
the requirement, the sample-to-solvent ratio can vary from 1:4, 1:5, and 1:10 [46,47].

Il Infusion

This process is more similar to maceration. Here, finely powdered plant material is used for the extraction[48].
Hot or cold menstruum is then added over the finely powdered plant material and the mixture is stored for a
short time. Infusion is considered more appropriate for the extraction of readily soluble biologically active
compounds[49] Also, it is found to be a very suitable technique to obtain fresh extracts before use. Here, the
sample-to-solvent ratio is generally 1:4 or 1:16 which depends on the requirement [50].

I11 Digestion

Digestion is a type of maceration where low heat is applied during the extraction procedure. This slightly warm
temperature does not change the plant material’s active elements. This results in more effective usage of the
menstruum. In this method, we introduced the plant parts to be extracted into a container where the pre-heated
menstruum is present. The sample-solvent mixture is kept for 30 minutes to 24 hours with intermittent shaking.
A temperature between 35-40 is used commonly. Sometimes, this can go to a maximum of 50 . This extraction
method is very useful to extract poorly soluble components present in tougher parts of plants [45].

IV Decoction

This is a continuous hot extraction technique where the powdered crude plant material is boiled with a specific
amount of water for a period of specific time (about 15 minutes). Heat is applied throughout the procedure to
speed up the extraction. This method is ideal when extracting water-soluble and thermally stable compounds

from plant materials. In this process, the most commonly used sample-to-solvent ratios are 1:4 or 1:16 [51,52].
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V Percolation

A percolator is a narrow cone-shaped container made of glass that has openings on both sides[53] The finely
powdered plant material will be added to a clean vessel followed by adding a higher quantity of menstruum to
soak the powder. This mixture is then stored for a certain time (4 hours). This mixture is then introduced to the
percolator (during this procedure, the lower end has to be closed). Now, the system will be kept standing for 24
hours. After 24 hours, the solvent used for extraction is added from the upper end to flow down until the plant
material is saturated with the solvent. The stop cork is opened at the lower end while adding menstruum from
the top. The liquid is then collected from the bottom. This procedure is carried out with the help of gravitational
force which helps to push down the solvent through the plant material. The pouring of the menstruum should
end when the amount of menstruum reaches around 75% of the total preparation. Finally, the collected micelle
will be filtered and concentrated [54]

VI Soxhlet Extraction

The Soxhlet extraction method is a liquid-solid extraction method. It is a very effective extraction technique in
instances where the substances to be extracted have a restricted solubility in the menstruum, while having
insoluble impurities[55] Continuous heat is applied in this procedure. Here, a glass instrument known as the
Soxhlet extractor is utilized. This instrument comes with a solvent flask, a siphon tube, a condenser tube, and
many other parts. The plant material which needs to be extracted is introduced to a part known as the thimble,
which is a porous bag. First, the solvent flask should be filled with the menstruum[56] Then heat is applied from
the bottom of the solvent flask. This results in the production of solvent vapor. This vapor will go up the
distillation tube, into the main chamber, and up into the condenser where it will condense and drip down. As
the solvent fills the main chamber, some of the desired compounds in the solid sample will be dissolved.
Eventually, the chamber will be almost full of the solvent. When this happens, the siphon tube will empty the
main chamber while transferring the solvent back to the solvent flask, promoting the process to start over again.
With each subsequent extraction, more of the target components gets dissolved, leaving the insoluble
contaminants in the thimble. This is how compounds of interest are removed from a sample . It can be utilized
for the extraction of large numbers of drugs with low volumes of solvents. This is valid for plant material that
can withstand high heat. It does not require filtration. The disadvantages of this method are,Requires a large
amount of heat. Impossibility of regular shaking and not being suitable for thermolabile materials.

VIl Microwave-Assisted Extraction

Microwave-assisted extraction is an advanced extraction technique used in the extraction of herbal
medicines[57] It involves the mechanism of dipole rotation and ionic transfer to displace charged ions from the
solvent and drug materials. This technique employs electromagnetic radiation having frequencies ranging from
300 MHz to 300 GHz and wavelengths ranging from 1 cm to 1 m. This approach uses microwave radiation to
bombard a substance that absorbs electromagnetic energy and converts it into thermal energy. Due to the heat
generated, it facilitates the solvent to penetrate the plant materia This method requires a minimum quantity of

solvents and time for extraction. It also can give a higher output. However, being suitable only for flavonoids
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and phenolic compounds and the possibility of degrading tannins and anthocyanins due to the high heat can be
some downsides of this method[57]

V111 Sonication (Ultrasound-Assisted Extraction)

In this extraction technique, ultrasound frequencies are used that are ranging from 20 KHz to 2000 KHz[58]
They can disturb the plant cell walls and thereby increase the surface area of plant material to facilitate the
penetration of solvents. Subsequently, this facilitates the release of biologically active compounds.The
advantages of this method are, This method can be used for small sample amounts. It gives us a high yield while
reducing extraction time and the quantity of menstruum. Even though this method is useful in some incidents
such as the extraction of rauwolfia roots, involving this process on a large scale can be a disadvantage because
of the high cost. Also, the high ultrasound energy can sometimes degrade the phytochemicals due to the
production of free radicals[59]

IX Reflux Extraction Method

The reflux method is a popular extraction method in Sri Lanka, and studies show that it can increase extraction
yield whilst lowering the amount of solvent utilized[60]. Reflux extracting refers to a solid-liquid extraction
method at a uniform temperature with replicated solvent evaporation as well as condensation for a set period of
time without loss of solvent. The technique is commonly utilized in the herbal industry since it is effective,
simple to operate, and affordable [61].

4. Biological Activities of Phytochemicals

The phytochemicals present in plants areresponsible for preventing disease and promotinghealth have been
studied extensively to establish their efficacy and to understand the underlying mechanism of their action. Such
studies have included identification and isolation of the chemical components, establishment of their biological
potency both by in vitro and in vivo studies in experimental animals and through epidemiological and clinical-
case control studies in man. Study findings suggest that phytochemicals may reduce the risk of coronary heart
disease by preventing the oxidation of lowdensity lipoprotein (LDL) cholesterol, reducing the synthesis or
absorption of cholesterol normalizing blood pressure and clotting, and improving arterial elasticity.
Phytochemicals have also been promoted for the prevention and treatment of diabetes, high blood pressure, and
macular degeneration[62]

Applications of Phytochemicals in Medicine

4.1 Antioxidant Activity Phytochemicals like flavonoids, tannins, and phenolic acids neutralize free radicals.
Prevent oxidative stress-related diseases such as cancer, diabetes, and cardiovascular disorders.Neutralizes free
radicals and prevents oxidative stress. Phytochemicals like flavonoids and phenolics scave free radicals,

reducing oxidative stress and preventing chronic diseases like cancer and cardiovascular disorders[87].
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4.2 Anti-inflammatory Properties

Alkaloids, flavonoids, and terpenoids inhibit pro-inflammatory cytokines. Beneficial in conditions like arthritis,
asthma, and inflammatory bowel disease. Anti-inflammatory Effects: Reduces inflammation in chronic
diseases. Flavonoids and saponins modulate inflammatory pathways, aiding in the management of arthritis,

asthma, and other inflammatory diseases.
4.3 Antimicrobial Activity

Tannins, alkaloids, and saponins are effective against bacterial, viral, and fungal infections. Examples:
Berberine (antibacterial), Curcumin (antiviral). Effective against bacteria, fungi, and viruses. Compounds such
as alkaloids, terpenoids, and tannins exhibit activity against pathogens like E. coli, S. aureus, and Candida
albicans[82].

4.4 Anticancer Potential

Phytochemicals like terpenoids and alkaloids induce apoptosis, inhibit angiogenesis, and reduce tumor

proliferation. Examples include taxol from Taxus brevifolia and vincristine from Catharanthus roseus.
4.5 Cardioprotective Effects

Flavonoids and glycosides improve heart health by reducing LDL cholesterol, improving vascular function, and

reducing inflammation[62]

5. MATERIALS AND METHODS

5.1 Materials

Beakers, conical flask, measuring cylinders (different size), glass funnels, glass stirrer, cotton wool, spatula,
bunsen burner, top mettler weighing balance, test tubes, stainless steel tray, thermostat water bath, oven,
aluminum foil paper, hand gloves, mortar and pestle, analytical weighing balance, test-tube holder, refrigerator,
meter rule, bottles, cabinet tripod stand, wire gauze, capillary tubes, filter paper, autoclave, UV box with UV
lamp, and TLC paper[63,64]

5.2 Collection of plant materials

Fresh leaves of plants free from diseases were collected . Taxonomic identification of plants was carried out by

the department of Botany[64]

IJCRT2501648 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 663


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

5.3 Preparation of Plant extracts

The method of Alade and Irobi, (1993) was adopted for preparation of plant extracts with little modifications.
Briefly three 20 g portions of the powdered plant material were soaked sepa- rately in 100 ml of water, hexane,
and alcohol for 72 h. Each mixture was stirred every 24 h using a sterile glass rod. At the end of extraction, each
extract was passed through Whatman filter paper no. 1 (Whatman, England). The filtrate obtained were
concentrated in vacuo using rotary evapora- tor at 30°C[65,83]

6. Phytochemical Screening

identify plant compounds.The confirmatory qualitative phytochemical screening of plant extracts was
performed to identify the main classes of compounds (tannins, saponins, flavonoids, alkaloids, phenols,

glycosides, steroids, and terpenoids) present in the extracts following standard protocols[66]
6.1 Qualitative Screening
These tests help detect the presence of specific phytochemicals:

6.1.1 Test for Alkaloids: The plant extract was dissolved in 100 mL of water, filtered, and cooked in steam
with 2 mL of the filtrate and three drops of 1% HCI. Then, 1 mL of the heated mixture was combined with 6
mL of the Mayer-Wagner reagent. The appearance of a cream or brown-red colored precipitate indicated the

presence of alkaloids[66]

6.1.2 Test for Flavonoids and Glycosides: 200 mg of the plant extract was mixed with 10 mL of ethanol and
filtrated. Two mL of the filtrate, concentrated HCI, and magnesium ribbon were mixed. The formation of a pink
or red color indicates the presence of flavonoids. Adding 1 mL of distilled water and NaOH to 0.5 mL of crude
extract, the formation of a yellowish color indicated the presence of glycosides

6.1.3 Test for Tannins: About 200 mg of the plant extract was boiled with 10 mL of distilled water; and 0.1%
Ferric chloride was added to the mixture; which was then observed for blue-black coloration indicating the
presence of tannins.

6.1.4 Test for Saponins: About 0.5 milliliters of the extract and 5 mL of distilled water were combined and

agitated. Then, the formation of foam confirmed the presence of saponins.

6.1.5 Test for Steroids: About 1 mL of the crude extract was combined with 10 mL of chloroform and 10 mL
of sulfuric acid, and the formation of the bilayer (red top layer and greenish bottom layer) reveals the presence
of steroids.
6.1.6Test for Terpenoids: The presence of terpenoids was determined by the formation of a reddish-brown
color in the test for terpenoids, which included mixing of 0.5 mL of crude extract with 2 mL of chloroform and

3 mL of sulfuric acid.
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6.1.6 Test for Phenols:
About 1 mL of the extract was combined with three drops of FeCl3, and 1 mL of K2Fe (CN6). The formation
of greenish- blue forms confirmed the presence of phenols[67,74]

6.2 Quantitative Analysis
6.2.1 Thin Layer Chromatography (TLC) Test

Thin layer chromatography was performed on TLC plate (aluminum silica gel pre-coated with layer thickness
of 0.2 mm) using hexane/ethyl acetate mixtures (8:2) as an eluent[68] Spots were applied using capillary tube
1.5 cm from the bottom marked by a line ruled using a pin. The sample spotted on the plate was allowed to dry
before the plate was placed into the chromatographic tank which was covered immediately. When the solvent
reaches the top of the plate, the plate was removed, marked and dried. The number of the spots was detected
under UV at 254 and 366 nm wavelengths and spraying with spotting reagent, using iodine vapor[68,64].

6.2.2 Column Chromatography (CC)

Column chromatography is the most effective technique used in separation of crude plant extracts into its
components in pure form. This is a preparative chromatographic method and the stationary phase (silica gel) is
packed in a column and then the mobile phase (eluent) is passed through the column after loading the extracts
on the top of the stationary phase. The mobile phase carries the natural products present in the mixture at
different rate based on their affinities to the stationary and mobile phase. Separated compounds can be collected
along with the mobile phase [69].

6.2.3 Gas Chromatography (GC)

It is an analytical technique for separating compounds based primarily on their volatilities. GC provides both
qualitative and quantitative information for individual compounds present in a sample. The gas phase is flowing
and the liquid phase is stationary. The rate of migration for the chemical species is determined through its
distribution in the gas phase. For example, a species that distributes itself 100% into gas phase will migrate at
the same rate as the flowing gas, whereas, a species that distributes itself 100% into stationary phase will not
migrate at all. Species that distribute themselves partly in both phases will migrate at an intermediate rate [70].
Gas chromatography involves a sample being vaporized and injected onto the head of the chromatographic
column. The sample is then transported through the column by the flow of inert, gaseous mobile phase. The
column itself contains a liquid stationary phase, which is adsorbed onto the surface of an inert solid[71]

6.2.4 High Performance thin Layer Chromatography (HPTLC)

It is a planar chromatography where separation of natural compounds is achieved on high performance layers
with detection and data acquisition. These high performance layers are pre-coated plates coated with a sorbent
of particle size 5-7 microns and a layer thickness of 150-200 microns.The reduction in thickness of layer and

particle size results in increasing the plate efficiency as well as nature of separation [75]. HPTLC plates are
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substantially more expensive (4- to 6-times more) than normal plates but are an efficient alternative when high
sensitivity, accuracy and precision are required in situations demanding high performance [72].

6.2.5 High Performance Liquid Chromatography (HPLC)

It is a versatile, robust, and widely used technique for the isolation of natural products. HPLC is an analytical
technique for the separation and determination of organic and inorganic solutes in any samples especially
biological, pharmaceutical, food, environmental, industrial etc. Currently, this technique is gaining popularity
among various analytical techniques as the main choice for fingerprinting study for the quality control of
medicinal plants. In order to identify any compound by HPLC, a detector must first be selected, The extent or
degree of separation is mostly determined by the choice of stationary phase and mobile phase. Modern HPLC
uses a non-polar solid phase, like C18 and a polar liquid phase, generally a mixture of water and another solvent.
High pressure up to 400 bars is required to elute the analyte through column before they pass through a diode
array detector (DAD). A DAD measures the absorption spectra of the analytes to aid in their identification.
HPLC is useful for compounds that cannot be vaporized or that decompose under high temperature and it
provides a good complement to gas chromatography for detection of compounds [76,77]

6.2.6 UV-Visible Spectroscopy

UV-visible spectroscopy can be performed for qualitative analysis and for identification of certain classes of
compounds in both pure and biological mixtures. Preferentially, UV-visible spectroscopy can be used for
quantitative analysis because aromatic molecules are powerful chromophores in the UV range. Natural
compounds can be determined by using UV-visible spectroscopy [31]. Moreover, spectro-scopic UV-Vis
techniques were found to be less selective and give information on the composition of the total polyphenol

content. This technique is not time-consuming, and presents reduced cost compared to other techniques [78,79].

6.2.7 Nuclear Magnetic Resonance Spectroscopy (NMR)

Nuclear Magnetic Resonance Spectroscopy gives physical, chemical and biological properties of matter. One
dimensional technique is routinely used but the complicated structure of the molecules could be achieved
through two dimensional NMR techniques. Solid state NMR spectroscopy is used for the determination of
molecular structure of solids. Radiolabeled 13C NMR is used to identify the types of carbon are present in the
compound. 1 H-NMR is used to find out types of hydrogen are present in the compound and to find out how

the hydrogen atoms are connected [77,78,79,].

6.2.8 Mass Spectroscopy

Mass spectrometry is a powerful analytical technique for the identification of unknown compounds,
quantification of known compounds andto elucidate the structure and chemical properties of molecules[80]
Through MS spectrum, the molecular weight of sample can be determined. This method mostly employed for
the structural elucidation of organic compounds, for peptide or oligonucleotide sequencing and for monitoring
the existence of previously characterizes compounds in complex mixtures with a high specificity by defining

both the molecular weight and a diagnostic fragment of the molecule simultaneously [78,80].
IJCRT2501648 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 666



http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

7. ROLE OF PHYTOCHEMICALS IN PLANT DISEASE MANAGEMENT

Plants synthesize a large number of secondary metabolites numbering above 200,000 that do not play a direct
role in their growth but help them to survive in the environment especially by providing defense against diseases
and pests. The wide variety of secondary compounds is synthesized mainly by the isoprenoid, phenylpropanoid,
alkaloid or fatty acid, or polyketide pathways. Plant disease management involves the reduction in the economic
loss of plants due to diseases caused by pathogens. Plants have evolved several mechanisms which have led to
the production of tens of thousands of phytochemicals. Earlier, plant-based chemicals constitute a very small
portion which was overlooked. Since the introduction of Food Quality Protection Act of 1996, there has been a
vast market opportunity for agroallied- based chemicals used in plant disease management in the United States
and most of North America (Isman, 2000)[81]. A lot of essential oils in plants have shown a high potential for
getting rid of insects. A range of essential oils such as cinnamaldehyde, a-pinene, extracts from clove (Syzygium
aromaticum, major oil being eugenol) and star anise (Illicium verum) has been shown to have fumigant and
antifeedant effect on red flour beetle (Tribolium castaneum), and the maize weevil (Sitophilus zeamais) (Ho et
al., 1995, 1997; Huang and Ho, 1998; Huang et al., 1998). Eugenol and oils from the holy basil (Ocimum suave)
have also shown to be effective against Sitophilus granarius and Prostephanus truncatus (Obeng-Ofori and
Reichmuth, 1997). Essential oils of cumin, star anise, oregano, and eucalyptus have been shown to be active
against greenhouse pests such as cotton aphid (Aphis gossypii) and carmine spider mite (Tetranychus
cinnabarinus) Plant-derived aldehydes and ketones play key roles against pathogenic fungi. Among aliphatic
aldehydes and ketones, cinnamaldehyde has been shown to have the most potent activity against fungi especially
two species of Penicillium that causes disease in humans (P. cyclopium and P. frequentans). The effects of
perillaldehyde and citral were slightly weaker but potent enough. Penicillium ulaiense, an important pathogen
causing molds in citrus, and other Penicillium spp. causing molds in apple and pear can be targeted using these
aliphatic aldehydes that have one or more double bondsconjugated to their carbonyl group. Among aromatic
aldehydes, cuminaldehyde had been shown to have fairly potent antifungal activity (Kurita et al., 1981). The
essential oils of Thymbra spicata and Satureja thymbra plants used as spices in Mediterranean cuisine have
been shown to inhibit phytopathogenic fungi such as Fusarium moniliforme, Rhizoctonia solani, and
Phytophthora capsici at a concentration of 400-800 pg/mL. Thymol and carvacrol have been identified as the
major constituents in the essential oils involved in the fungicidal property, followed by monoterpenes y-terpenin
and p-cymene (Muller et al., 1995).

Phenolic compounds play a significant role in plant defense against bacteria and fungi. One important phenolic
compound is coumarin. Halogenated coumarin, often brominated, chlorinated, or iodinated, is more stable than
coumarin. It has been shown to be particularly effective against plant pathogenic fungi such as Macrophomina
phaseolina (charcoal rot), Phytophthora spp. (damping off and seedling rot), Rhizoctonia spp. (damping off and
root rot), and Pythium spp. (seedling blight). These four fungi are from different families, showing the broad
spectrum activity of halogenated coumarins. In addition, halogenated coumarins have polymer seed coating

abilities and less phytotoxicity, making them good candidates for natural pesticide development. In another
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study, 7-hydroxylated coumarin has been shown to be effective against parasitism of Orobanche cernua in
sunflower (Serghini et al., 2001)[1]

8. Future Perspective

A chemist or chemical scientist is one that is involved in research activities related to chemical analysis,
confirmation of elements, elucidationof the structure of chemical compounds for industrial purposes. But a
phytochemist is a specialist who is interested in the study of chemical interactions in plants based on the
knowledge of chemical science which is employed for a successful isolation of its components and the
determination of its molecular structure through the study of its properties. The phytochemists have a good
command over medicinal plants through the study of plant physiology, morphology, internal structure
elucidation, and metabolic activities. A phytochemist is one who is knowledgeable about the identification,
characterization of different natural products by using biochemical analysis to understudy the chemical
composition of different plant products. The utilization of plants for medicinal purposes is not a new approach.
However, periodically, plants are explored for extraction of chemical compounds which are beneficial to
humans in several aspects. Once a plant-derived product is confirmed to exhibit curative potentials, the product
will be recommended for drug designing, clinical approach, and finally to pharma industries.

Today, a huge sector of the population is relying on medicinal plants for their preventive and curative properties.
WHO stated that those traditional medicine/ethnomedicine are still being used to treat different ailments. Nearly
70% of the populations rely on these medicinal practices. People from remote areas and semi-urban regions of
the globe still depend on eithercrude or purified product from the plant’s origin. Standardization and quality
control is an important factor in ethnomedicinal formulations. At present, the phytochemists aim to apply
modern techniques to preserve and maintain the standard and quality of these plant products. Findings by
phytochemists through research investigations are supporting the ethnomedicinal formulations used by the tribal
doctors. Several chemical compounds derived from plants are undergoing clinical trials and some of them are
in preclinical treatment. Similarly, research is to be focused on the possibility of developing new products in
combination with natural compounds from ethnomedicine. They identified the diversity of chemical compounds
observed with phytochemicals which have led to the formulations of novel drugs against multidrug-resistant
pathogens.

Phytochemists are seriously embarking on research activities involving the extraction of natural compounds
present in plants. Some of these phytochemicals have the ability to suppress the activity of cancer cells by
encouraging cell cycle inhibition and apoptosis. There is a lot of demand for natural products of plant origin
and these by-products are to replace the synthetic products in view of their side effects on human health.
Therefore, a lot of attention is needed toward natural products in which a phytochemist plays a key role in this
context. Owing to the increasing demand for novel drugs, so many important and vital compounds regularly
being manufactured by the industries generate employment opportunities for experts in this field. In addition,

the increasing acceptance of the chemical diversity of natural products is well suited to provide the core
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scaffolds for future drugs. There will be further developments in the use of novel natural products and chemical
libraries based on natural products in drug discovery campaigns[1]
9. Conclusion

Phytochemistry has emerged as a critical field in understanding the chemical basis of medicinal plants and their
applications in healthcare. The study and screening of phytochemicals have revealed a vast array of bioactive
compounds with significant pharmacological properties, ranging from anti-inflammatory and antioxidant to
anticancer and antimicrobial activities. These findings highlight the essential role of medicinal plants in drug
discovery and development, particularly as sources of novel therapeutics. Advancements in phytochemical
screening methods and extraction techniques have revolutionized the field. Traditional methods like maceration
and Soxhlet extraction remain widely used for their simplicity, while modern methods such as ultrasound-
assisted extraction, microwave-assisted extraction, and supercritical fluid extraction offer higher efficiency,
selectivity, and sustainability. These innovations have addressed key challenges such as low yields, degradation
of sensitive compounds, and the environmental impact of conventional processes.Future research should aim to
address these limitations by integrating cutting-edge technologies like metabolomics, nanotechnology, and
machine learning to optimize screening and extraction processes. Furthermore, sustainable and ethical
approaches should guide future work to prevent overexploitation of natural resources and to ensure equitable
benefit-sharing with indigenous communities who have long relied on these plants for traditional medicine.
Strengthening collaborations between academia, industry, and regulatory bodies will also be crucial to

translating phytochemical research into clinically approved drugs and nutraceuticals.
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