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Abstract 
From ancient times to till date, phytochemicals have been playing a crucial role in the benefit of humankind in diverse fields including the pharmaceutical industry, neutraceuticals, dietary supplements, food, beverage industries, and so on. All these applications are owing to the existence of various phytoconstituents like alkaloids, phenols, tannins, saponins, terpenoids, etc., which show antioxidant, anti-inflammatory, antiviral, anticancer, antimicrobial properties, and many more. Therefore, screening of these phytoconstituents is a significant step in drug discovery and development. The present chapter discusses the classification, therapeutic applications of phytochemicals, and their detection using conventional methods and modern methods in detail.
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1.
Introduction
Medicinal plants are the richest bio reserves of different phytochemicals and have been used as a medicine since ancient times. The therapeutic efficacies of the plants are due to the presence of phytoconstituents, which are produced from the plant’s primary and secondary metabolism. The phytochemicals are essential for the plants to grow and defend against pests, insects, and diseases. Some of the significant phytochemicals are alkaloids, flavonoids, phenolics, tannins, saponins, steroids, glycosides, terpenes, etc., which are distributed in various parts of the plants and are linked to various beneficial properties like antioxidant, antiviral, anticancer, antimicrobial, anti-inflammatory, etc. [1-4]

Modern medicine mainly uses synthetic or semi synthetic drugs as antibiotics to treat microbial diseases and most of the microbes have developed resistance to synthetic antibiotics. Therefore, the demand for herbal drugs is growing day by day on a global scale. According to the WHO, about 25% of contemporary medication is made from plant components, while 80% of the world's population still uses herbal medicines as their primary medical care. Using these medicinal plants for the synthesis of modern medicine is indispensable thus, ‘Phytomedicines’ is a bridge between traditional and contemporary medicine. Correlation between the phytoconstituents and its bioactivity is desirable for the synthesis of new compounds with specific activities to treat various health ailments and chronic diseases. Therefore, the study of phytochemicals has been crucial in the development of novel plant natural products which have commercial importance in a variety of industries such as the traditional and complementary medicine systems, pharmaceutical sectors, nutraceuticals, and dietary supplement industries, cosmeceutical industries, textiles industries, food, wine, and beverage industries and others. [5-7]

Phytochemicals can be extracted from plants by conventional and non-conventional methods. The most commonly used traditional methods are maceration, percolation, decoction, infusion, digestion, hot continuous extraction (Soxhlet extraction), and serial exhaustive extraction. Modern techniques like super critical CO2 extraction, microwave assisted extraction (MAE), enzyme assisted extraction, ultrasound assisted extraction, pressure fluid extraction (PFE), etc., are used to extract bio compounds.
In the extraction process, different types of solvents like water, ethanol, methanol, acetone, ether, chloroform etc. have been used depending on the nature of phytochemicals. [8-10]

Identifying phytoconstituents in plant material aids in the prediction of its pharmacological activity. The characterization and evaluation of the phytoconstituents can provide evidence to support its therapeutic claims of plants against various illnesses. In order to identify phytoconstituents both qualitatively and quantitatively, advanced techniques such as Gas Chromatography (GC), Liquid Chromatography (LC), High-Performance Liquid Chromatography (HPLC), High-Performance Thin Layer Chromatography (HPTLC), etc., are beneficial in addition to the conventional phytochemical tests.  The conventional phytochemical tests are economical, simple, and need fewer resources, remain a reasonable choice for primary phytochemical screening. The present chapter deals with the classification of phytochemicals, extraction, and identification of phytochemicals using conventional and modern methods.
2. 
Classification of phytochemicals 

In general, phytochemical components are classified as primary and secondary metabolites. Primary metabolites are essential for plant life which includes sugars, amino acids, proteins, lipids, etc. While secondary metabolites consist of alkaloids, phenolic compounds, terpenoids, saponins, etc. These are formed during the primary metabolic pathway and are no longer used in the formation of new cells and having antiviral, antifungal, and antibiotic properties, which are responsible for protecting plants from pathogens. In addition, they are UV absorbing agents and prevent severe leaf damage from the light. Due to their biological activities, they serve as medicine for human diseases. Various applications of these phytochemicals are presented in Figure 1. Secondary metabolites are classified into following main groups like nitrogen containing compounds such as alkaloids, glucosinolates, etc. hydroxyl containing compounds like phenols, flavonoids, tannins, etc., terpenes, terpenoids, sulphur containing organic compounds, etc.[11-12] are presented in Table 1.

The phenolic compounds (flavonoids (a large group of polyphenol compounds), phenolic acids, tocopherol, etc.) are one of the largest groups of plant metabolites. They derived from shikimate, pentose phosphate and phenylpropanoid pathways and have an aromatic ring with one or more hydroxyl groups. They possess biological properties such as anti aging, anti inflamation, anti carcinogen, antioxidant properties, cardiovascular protection, etc. These compounds also show anticancer activities. Tannins are large biomolecules of polyphenols having hydroxyl and other groups such as carboxyl groups. These are used as healing agents in inflammation, burn, etc. Terpenoids typically produced in flowers, vegetative tissues and roots, and these are helpful in reducing total cholesterol, triglycerides, blood pressure and show antibacterial, anti-inflammatory activities. Alkaloids are a class of nitrogen containing compounds, the common applications include cytotoxicity, analgesic, and antibacterial activity, etc. [13,14]. The imperative applications of herbal drugs and its major phytoconstituents are presented in Table 2.
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Fig.1. Various applications of phytochemicals

Table 1. Major classification of phytochemicals

	S.No
	Major classes 
	Subclasses 
	Representatives

	1
	Phenolics
	Polyphenols
	Flavonoids, isoflavonoids, chalconoids,
lignans, stilbenoids,
curcuminoids, tannins, etc. 

	
	
	Aromatic acid
	Phenolic acids (e.g., gallic acid, tannic acid, vanillin, ellagic acid), hydroxycinnamic acids (e.g., coumarin)

	2
	Terpenes
	Monoterpenes (C10) 
	Geraniol, Limonene, pyrethroids, etc.

	
	
	Triterpenes (C30), etc.
	Azadirachtin, phytoecdysones, etc.

	3
	Terpenoids
	Carotenoids
(tetraterpenoids)
	β-carotene, lycopene, phytoene, etc.

	
	
	Triterpenoid , Saponins
	Ursolic acid, oleanoilc acid, etc.

	
	
	Steroids, etc.
	Tocopherols (vitamin E), phytosterols
(β-sitosterol, campesterol), etc.

	4
	N
(organonitrides)
	Alkaloids, etc,
	Nicotine, morphine, caffeine, theobromine, theophylline, etc.

	5
	S
(organosulfides)

	Indoles, methiin, propiin, alliin, Glutathione, phytoalexins
	Allicin, piperine, etc.


Table 2. Some of the important herbal drugs and its applications

	S.No.
	Herbal material
	Application
	Important compound
	References

	1
	Garlic
	Antibacterial, anticancer,
antifungal, antiinflammatory,
chemopreventive,
hepatoprotective, neuroprotective, etc
	Allicin, phenolic and
polysaccharides compounds
	[15-17]

	2
	Ginger
	Antioxidant, antimicrobial, anti-diabetic, neuroprotective, analgesic, cardiovascular,
gastrointestinal, anti-inflammatory, anticancer, etc.

	[6]-gingerol, [14]-shogaol, hexahydrocurcumin, tetrahydrocurcumin, gingerenone A, etc.
	[18]

	3
	
Cinnamon
	Antioxidant, antimicrobial, anti-inflammatory,
anticancer, cholesterol-lowering,
immunomodulatory and cardiovascular
	polyphenols and cinnamaldehyde
	[19]

	4
	Turmeric 

	Antioxidant, antimicrobial, anti-inflammatory,
anticancer, hypoglycemia and anticoagulant.
	curcumin and its derivatives
	[20]

	5
	Artichoke, pear, and basil 
	Antiinflammatory, antifatigue, and
antistress properties
	Caffeic acid
	[21]

	6
	Carrots, leafy greens and red orange 
	Anticarcinogenic, cornea
protection,
stimulates DNA repair enzymes
	Carotene 

	[22]

	7
	Clove
	Antioxidant, antimicrobial, anti-inflammatory,
anti-mutagenic, anti-allergic and anti-cancer
	Eugenol, eugenyl acetate,
α-humulene, 2-heptanone,
and β-caryophyllene
	[23,24]

	8
	Fennel
	Antioxidant, antimicrobial and anti-inflammatory
	Phenolic compounds
	[25]



2.1. 
Extraction of Phytochemicals

The phytochemicals can be extracted from different parts of plants like leaf, flower, fruit, root, St. Bark, etc. and several parameters like solvents, method of extraction, time of extraction, temperature, etc., can influence the extraction. Among these, solvents play a major role in the extraction of phytochemicals. 

Ideally, the extraction solvent should have the following properties like low toxicity, easy evaporation, good solubility of desired component, etc. Plants consist of various bioactive compounds with varying polarities. More polar bioactive compounds can be extracted with more polar solvents like water, ethanol, methanol, acetone, etc., less polar compounds can be extracted with less polar solvents like chloroform, ether, etc. [26-29] presented in Table 3
Table 3. Selection of solvents for extraction/identification of phytochemicals
	S.No.
	Name of the solvent
	Identification/extraction of phytochemical

	1
	Water 
	Anthocyanins, polypeptides, tannins, terpenoids, saponins, starches

	2
	Ethanol 
	Polyacetylenes, flavonol, sterols, tannins, terpenoids,
saponins, polyphenols, Alkaloids

	3
	Methanol 
	Anthocyanins, tannins, terpenoids, saponins, polyphenols,
totarol, lactones, flavones, xanthoxylins

	4
	Acetone 
	Phenols, flavanols, tannins

	5
	Chloroform 
	Terpenoids, flavanoids

	6
	Ether 
	Alkaloids, terpenoids, coumarins, fatty acids


3. Detection of phytochemicals 

Qualitative phytochemical screening plays a crucial role in identifying various biochemical compounds in plants. Phytochemical tests involve chemical reactions that produce colorimetric changes or form precipitates of specific color. [30-36]

3.1. Identification tests for phytochemicals

Test for carbohydrates

The following three tests Benedict’s, Molisch, and Fehiling’s test are commonly employed to identify carbohydrates

(i) Benedict’s test: In this, dissolve a few mg of plant extract in 5ml of distilled water and filter. Add Benedict’s reagent to the filtrate appearance of Green/yellow/red colour indicates the presence of sugars.
(ii) Molisch test: To the filtrate, add 2 or 3 drops of alcoholic alpha-napthol and add few drops of sulfuric acid along the sides to test tube. Appearance of violet color indicates the presence of sugars.
(iii) Fehiling’s test:

To the 1ml of filtrate add 1ml Fehling’s A and Fehling’s B solution and boil on water bath for a few minutes. The appearance of rep precipitate indicates the presence of sugars.

Test for proteins & Amino acids

Biuret test: To the few ml of filtrate, add two drops of 2% CuSO4 solution and add 1 ml of 95% ethanol solution. Finally, to this add an excess of KOH, the appearance of pink color indicates the presence of amino acids
Test for oils:

Take a small quantity of extract and press between the two filter papers. The appearance of spots indicates the presence of oils

Test for Alkaloids

Dissolve the plant extracts in the dilute HCl and filter. The filtrate is used to test the alkaloids

(i) Mayers test: To the filtrate, add few drops of Mayer’s reagent and observe the creamy white/yellow precipitate indicating the presence of alkaloids.

(ii) Wagner’s test: Add a few drops of Wagner's reagent to the filtrate. A reddish brown precipitate indicates the presence of alkaloid
(iii) Hager’s reagent: To the filtrate, add 1-2 ml Hager’s reagent. The presence of creamy white precipitate confirms alkaloid
(iv) Dragondroff test: To the few ml of filtrate, add 1-2 ml of reagent. The appearance of an orange or red precipitate indicates a positive test for alkaloids

Test for Phenolic compounds

(i) Gealtin test: To the 5 ml of plant extract (filtrate) add 2 ml of (1%) gelatin solution and (10%) NaCl solution. White precipitate shows the presence of phenol

(ii) Ferric chloride test: To the filtrate, add a few drops of ferric chloride (5%) solution gives dark green/ blusih black colour confirms the presence of phenols. 
(iii) Lead acetate test: To 5 ml of plant extract (filtrate), add 3 ml of lead acetate (10%) solution. The appearance of milky white precipitate shows positive for phenols

Test for Tannins

(i) Ferric chloride test: To the filtrate, add few drops of ferric chloride (5%) solution gives a dark green indicates the presence of tannins

Test for Flavonoids

(i) Lead acetate test: To 1 ml of filtrate, add few drops of lead acetate (10%) solution, gives a yellow precipitate shows the positive sign for the flavonoids.

(ii) Shinoda test: To the plant extract add 5 ml alcohol, magnesium ribbons and finally add few drops of conc. HCl shows crimson coloured solution confirms flavnoids. 

Test for Saponins 

(i) Foam test: Mix a few mg of the extract with 5 ml of distilled water and shake vigorously. The formation of frothing indicates the presence of saponins
Test for Steroids: To 2 ml of extract, add 2 ml of CHCl3 and 2 ml of conc. H2SO4, the appearance of red color and yellowish green fluorescence indicates the presence of steroids
Test for Terpenoids: To the CHCl3 filtrate, add few drops of Conc. H2SO4 shake well and allow to stand, the appearance of golden yellow layer at the bottom confirms the presence of terpenoids
Salkowski’s test: 5mg extract of selected plant part is mixed with 2 ml CHCl3 and 3 ml Conc. H2SO4 which forms a reddish brown colour layer indicates the presence of terpenoids

Test for Anthraquinones: Dissolve 10 mg of extract in isopropyl alcohol, to this add few drops of Conc. Ammonium hydroxide solution formation of red colour after few minutes shows the presence of anthraquinones

Test for Glycoside

Borntager’s test: To 2 ml of filtrate, add 3 ml of CHCl3 and shake well. Separate the CHCl3 layer and add (10%) Ammonia solution. The appearance of pink colour indicates the presence of glycosides
Test for phytosterols

Libermann-Burchard’s test: Dissolve 2 mg of dry extract in acetic anhydride, heat to boil, cool, and then add 1 ml of concentrated sulphuric acid along the sides of the test tube. The formation of green color indicates the presence of steroids.
3.2. Modern phytochemical Characterization Techniques

Chromatographic and spectroscopic techniques are helpful in the identification, quantification, and structural elucidation of phytochemicals. Here, chromatography techniques including, thin-layer chromatography (TLC), liquid chromatography (LC), gas chromatography (GC), hyphenated to mass spectrometry (MS) and spectroscopy techniques like Uv-Vis, IR, NMR, etc., are discussed. [37-42]
a) Chromatographic Techniques
Identifying secondary metabolites in herbal products is typically a time-consuming task. However, a few chromatography-based methods make it simple to identify metabolites, making it easier to characterize any kind of bioactive chemical.
Thin-Layer Chromatography and High-Performance Thin-Layer Chromatography 

Thin-layer chromatography (TLC) is one of the most common and straightforward chromatographic procedures for separating substances. It works on the adsorption phenomenon, the separation of biomolecules on TLC plate relies on the affinity of compounds towards the mobile phase (liquid) and stationary phase (solid).  It is widely employed in the phytochemical evaluation of herbal drugs because of its advantages, such as fast analysis, minimum sample preparation, and ease in acquiring qualitative and quantitative information about the resolved compounds.

High-performance thin-layer chromatography (HPTLC) is frequently employed for process development, adulterant identification and detection in herbal products, pesticide and mycotoxin content determination, and quality control of herbs and functional foods. Recently, Tirupataiah et al[43], identified the embelin in embelia ribes fruits in CHCl3 extract using Chloroform: Ethyl acetate: Formic acid (5:4:0.5 v/v/v) as a mobile phase at different wavelength  254 and 366 nm. 
High-Performance Liquid Chromatography (HPLC) 

High-Performance Liquid Chromatography (HPLC) has become the most widely used analytical technology for the analysis of herbal medicines in recent decades. It works on the same principle as TLC.  In general, reversed phase (RP) columns are commonly employed for this purpose. HPLC is utilized in the pharmaceutical industry for the identification and purification of herbal constituents in both analytical and preparative techniques. It is also used in the pesticide and aflatoxin analysis.

Narasimhaji et al., estimated asiaticoside content in Centella asiatica (L.) using HPLC and recommended that the best procurement time for the whole plant is in Grishma ritu (May and June) [44]. Govindrajan et al. used the HPLC–photodiode array method to estimate furocoumarins for quality control and standardization of Heracleum candicans [45].  Sujit et al. have done RP-HPLC-based phytochemical screening of ethyl acetate (EA) extracts of  S. indica, S. declinata, S. thaipingensis and S. asoca flowers and confirmed the presence of total 121, 110, 111, and 121 types of phytochemicals, respectively. [46]
Liquid Chromatography-Mass Spectrometry (LC-MS) 

Liquid chromatography-mass spectrometry (LC-MS) has advanced tremendously and can be be used to analyse naturally occurring metabolites such as carbohydrates, DNA, peptides, and proteins. A.K.Meena et al. studied the LC-MS profiling of Cassia fistula stem bark and small branches. From the report, it was clear that the active compounds were present in the both extracts of stem bark and small branches of the plant. [47]
Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS) 
Gas chromatography (GC) is a well-known analytical technique with excellent sensitivity and resolution. It is mostly useful for identifying and quantifying volatile organic compounds (VOCs), essential oils, fatty acids, etc. It is particularly useful in detecting environmental toxins, pesticides, and so on, and it is primarily utilized in numerous industries such as cosmetics, herbal, pharmaceutical, etc. 

GC-MS is a hyphenated analytical technique that combines the separation properties of gas chromatography (GC) with the detection feature of mass spectrometry (MS) become Gas chromatography-mass spectrometry (GC-MS), which aids in the identification of various substances in a test sample. A large number of VOCs and essential oils of high medicinal value have been separated by liquid chromatography or gas chromatography and further analyzed by MS techniques. Recent paper reported that GC-MS analysis of aqueous methanol fraction of Hibiscus asper leaves identified 23 compounds [48]. Narasimhamurthy et al., identified various bioactive compounds from the leaf and the rhizome extracts of Amomum nilgiricum for the first time by GC–MS analysis. [49]
b) Spectroscopic Techniques

Spectroscopy is a technique that is used to study the interaction between electromagnetic radiation and matter. It involves the measurement of the energy absorbed or emitted by a sample at different wavelengths. Spectroscopy can be used to identify the composition of a sample, study the physical and chemical properties of a sample, and determine the structure of a molecule. Various techniques are available like Uv-Vis, FT-IR, NMR, etc., which are discussed.
Ultraviolet-Visible Spectroscopy

It works on the beer lambert’s principle. It deals explicitly with the absorption of ultraviolet (UV) and visible light by a sample. It is commonly used in analytical chemistry, biochemistry, materials science, and other fields to estimate the concentration of a substance in a solution, identify functional groups in a molecule, and examine the electronic and geometric structure of a molecule. It covers the wavelengths ranging from around 200 nm to 800 nm. All the major classes of biomolecules contain particular light absorbing functional groups known as chromophores. Upon absorbing UV/Vis light, these chromophores get excited from ground state to a higher energy level, thus giving out characteristic spectra that aid in the identification of biomolecules [50]. It is frequently used in the detection and quantification of several phytoconstituents like alkaloids, phenols, tannins, flavonoids, and others in different parts of the plants by observing the λmax at a particular wavelength.

Fourier Transform-Infrared Spectroscopy [FT-IR]

Fourier transform-infrared spectroscopy (FT-IR) is based on the fact that most molecules absorb light in the infrared region of the electromagnetic spectrum. The frequency ranges are measured as wavenumbers typically over the range of 4000–400 cm‒1.  It is the region where electromagnetic spectrum exists between the visible (VIS) and the microwave wavelength. FT-IR spectroscopy is one of the most important non-destructive analytical techniques used to identify the functional groups of chemical constituents and is widely used for quality control in the food and beverage and pharmaceutical industries.  FT-IR is the most commonly used technique for structure elucidation of bioactive herbal extracts and become increasingly useful in the field of evaluating herbal qualities [51]. Recently, Wongsa et al. showed the phenolic profiles of 25 herbal infusions using FT-IR spectroscopy. [52]
Nuclear Magnetic Resonance (NMR) Spectroscopy 
It is one of the major analytical techniques used for the structural elucidation of variety of compounds. Different types of NMR techniques are available like solid state NMR, 13C- NMR, 1H NMR, etc. Solid-state NMR spectroscopy is used to determine the molecular structure of solids. 13C- NMR is used to identify the types of carbon are present in the compound. 1H- NMR is used to find out types of hydrogen are present in the compound and to find out how the hydrogen atoms are connected. The 13C NMR delta (δ) values normally range between 0 and 220ppm. Typically, tetramethylsilane is used as the internal reference standard and samples are prepared in d6-DMSO. [38,39]

Conclusion

Naturally, different parts of the plants contain a variety of phytochemicals, and most of them are therapeutically active. The phytochemical analysis is crucial to assess the medicinal benefits of plants. Additionally, it provides the base for targeted isolation of compounds leading to new drug discoveries. Numerous methods and solvents are available to extract the phytochemicals. Polar solvents are useful to extract polar compounds and non polar solvents are suitable to extract for non polar compounds. Qualitative analysis of phytocmhemicals gives the initial idea about the presence of alkaloids, phenols, saponins, terpenes, etc. Detailed study about the plant metabolites using sophisticated instruments like HPTLC, GC-MS, LC-MS, Uv-Vis, IR, etc., will be helpful in identification, quantification and structural elucidation, which will be of medical significance and to other industries for the betterment of life. Detailed knowledge about phytochemicals paves the way to develop new drugs from different plant parts.
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