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Abstract: Natural products have been a cornerstone of human civilization, providing essential 

medicines, flavours, and fragrances. Natural products arise from intricate biosynthetic pathways 

involving enzymes, genes, and environmental factors. Natural products are generally classified into 

primary metabolites and secondary metabolites specially on their functionality. Natural products are 

often classified on their structural features such as alkaloids, polyketides, terpenoids, phenylpropanoids, 

etc. Natural products exhibit remarkable diversity and complexity, reflecting their adaptation to specific 

ecological niches. The search for new natural products globally is known as bioprospecting. The study 

of their structure and biological activity falls under the discipline of pharmacognosy. Now a days many 

https://creativecommons.org/licenses/by/4.0/legalcode
mailto:yogesh.patil@aissmsioit.org


Yogesh P. Patil, Suhag S. Patil, Pradeep N. Jadhav 

Sustainable Chemistry and Advanced Materials: Challenges and Opportunities (Vol. I) - Sharad K. Pasale, 

Arjun S. Chavan (Eds.) ISBN: 978-93-95369-47-3 (electronic) 978-93-95369-45-9 (paperback) | © 2025 

Advent Publishing. All rights reserved. 

64 

 

techniques were used to find and identified the new natural products includes LC/MS, HPLC, GCMS, 

SFC, NMR, etc. 

Introduction 

Natural products have proven to be the most effective source of potential drug leads.1 Interest in natural 

products for drug discovery and development has declined somewhat in recent years.2 Despite decreased 

interest, natural products offer unique structural diversity compared to combinatorial chemistry, 

providing opportunities for discovering novel lead compounds. With less than 10% of the world's 

biodiversity explored, many more valuable natural compounds likely await discovery, presenting a 

challenge in accessing this untapped chemical diversity.3 Humans have long been drawn to naturally 

occurring compounds from prebiotic, microbial, plant, and animal sources. Extracts from flowers, plants, 

and insects have been used to isolate compounds valued for their function, colour, and scent, serving 

various purposes. Many natural products, like plant hormones, play regulatory roles, while others serve 

as chemical defense against pests. Some compounds act as chemical messengers, like sex-attractants 

(pheromones), playing a role in insects, terrestrial animals, marine animals, and humans.4 The ancient 

Egyptians documented various medicinal preparations, including opium and castor oil.5 The ancient 

Egyptians used remedies like "rotten bread" to treat infections, eerily foreshadowing modern antibiotics 

derived from molds and fungi. The Roman physician Dioscorides extensively studied the medicinal uses 

of hundreds of plants and authored the first systematic materia medica in the 1st century.6 Natural 

products are divided into primary metabolites, essential for survival, and secondary metabolites, which 

offer competitive advantages like defense against predators. Secondary metabolites are further 

categorized based on their biosynthetic origin. The ancient physician Dioscorides also noted the 

medicinal properties of wines.8 

Primary metabolites 

Primary metabolites are vital organic compounds that directly contribute to an organism's growth, 

development, and reproduction. They are crucial for maintaining physiological processes and are often 

found in all cells. Examples include carbohydrates, proteins, lipids, and vitamins. They are directly used 

in essential processes like growth, respiration, and photosynthesis. They are found in many organisms 

and cells. They are vital for maintaining the body's normal functions. Some of the important primary 

metabolites are carbohydrates, proteins, lipids, vitamins, amino acids, etc.9 Primary metabolites differ 

from secondary metabolites, which aren't directly involved in growth and development. Instead, 

secondary metabolites play roles in defense, reproduction, and environmental interactions. For example, 

secondary metabolites include alkaloids, flavonoids, and pigments, which are often found in plants and 

have various ecological functions.10 

Secondary Metabolites 

Secondary metabolites are organic compounds produced by organisms like plants, fungi, and bacteria 

that are not directly involved in their fundamental growth, development, or reproduction. While not 
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essential for survival, they play important roles in an organism's interactions with its environment, often 

serving as defense against pathogens or competitors, or as attractants for pollinators or other beneficial 

organisms. Secondary metabolites are not required for the basic life processes of the organism, unlike 

primary metabolites.11 They can have a wide range of functions, including defense against herbivores or 

pathogens, attraction of pollinators or seed dispersers, competition with other organisms, and even 

signalling interactions with other organisms. They are produced by a diverse array of organisms, 

including plants, fungi, and bacteria. Some common examples are secondary metabolites in plants 

include alkaloids, tannins, flavonoids, and terpenoids, in fungi antibiotics, etc.12 

Main Classes of Natural Products 

1. Terpenoids and Steroids 

Terpenoids, also known as isoprenoids, are a large class of naturally occurring organic compounds 

derived from the 5-carbon isoprene unit. They include terpenes, which are hydrocarbons, and terpenoids, 

which contain additional functional groups, often oxygen. Together, these compounds form a vast group 

of about 80,000 natural products.13 The fundamental building block of all terpenoids is the isoprene unit 

(C5H8), which can be linked together to form various structures. Terpenoids are the largest class of plant 

secondary metabolites, accounting for approximately 60% of known natural products. Many terpenoids 

exhibit significant pharmacological bioactivity, making them of interest to medicinal chemists. 

Examples of well-known terpenoids include Citral, Menthol, Camphor, Salvinorin A (found in Salvia 

divinorum), Ginkgolide and bilobalide (found in Ginkgo biloba), Cannabinoids (found in cannabis) 

Additionally, beta-carotene, a carotenoid, is a terpene derivative that serves as a provitamin.14 

Terpenoids play crucial roles in plant physiology, contributing to their scent, flavors, and colours. 

Many also exhibit pharmacological activity and are used in traditional medicine. For example, the red 

colour in tomatoes and the yellow colour in sunflowers are due to carotenoids, which are terpene 

derivatives. Terpenoids serve various biological roles, including, precursors to steroids and sterols in 

animals, modification of proteins (isoprenylation) to enhance cell membrane attachment, plant defense: 

protecting against pathogens and attracting predators of herbivores.14 

Terpenes can be extracted from plant materials using several methods, including, Steam distillation; 

a traditional method that vaporizes terpenes with steam and then condenses them, solvent extraction 

supercritical fluid extraction. Solvent extraction, using solvents like hexane or ethyl acetate, can isolate 

both volatile and non-volatile terpenes. Supercritical fluid extraction (SFE) uses carbon dioxide under 

high pressure and temperature to extract terpenes.15 Terpenes are primarily absorbed through inhalation, 

and to a lesser extent, through the skin. Inhaled terpenes are rapidly absorbed into the bloodstream and 

can reach peak concentrations within a few hours. Absorption through the skin, while slower, is still 

significant, especially for lipophilic terpenes. Oral ingestion of terpenes is generally not recommended 

as they are not well absorbed and can be destroyed by the digestive system.15  
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2. Fatty Acids 

Fatty acids are carboxylic acids with long hydrocarbon chains, serving as the fundamental components 

of lipids. They play critical roles in energy storage, cell membrane structure, and various other bodily 

functions. Fatty acids are categorized into two main types, Saturated fatty acids: no double bonds 

between carbon atoms, Unsaturated fatty acids: one or more double bonds between carbon atoms.16 Fatty 

acids serve as a source of energy, contribute to the structure of cell membranes, and act as precursors to 

bioactive molecules, including prostaglandins and leukotrienes. Fatty acids are the fundamental 

components of body fat and dietary fat. During digestion, fats are broken down into fatty acids, which 

are then absorbed into the bloodstream. Typically, three fatty acid molecules combine to form a 

triglyceride.17 A fatty acid is typically composed of a straight chain with an even number of carbon 

atoms, hydrogen atoms along the chain, and a carboxyl group (―COOH) at one end. Notably, palmitic 

acid (C16) and stearic acid (C18) are among the most ubiquitously distributed fatty acids.18 Palmitic and 

stearic acids are found in the lipids of most organisms. In contrast, certain fatty acids, such as omega-3 

and omega-6, are essential fatty acids that the body cannot synthesize.18 

Fatty acid extraction is the process of isolating fatty acids from a sample, typically using solvents to 

dissolve the fats and then separating the fatty acids from the other components. This is often followed by 

further purification and analysis, frequently using techniques like gas chromatography (GC) after 

converting fatty acids to fatty acid methyl esters.19 Fatty acids are absorbed in the human body primarily 

in the small intestine, where they are emulsified by bile and then digested by enzymes. The digested 

fatty acids and monoglycerides are absorbed by enterocytes (intestinal cells) and then reformed into 

triglycerides inside these cells. These newly formed triglycerides, along with other lipids, are then 

packaged into chylomicrons and transported to the lymphatic system and eventually into the 

bloodstream.19 

3. Alkaloids 

Nature is rich in a diverse array of natural compounds. Among the diverse array of natural compounds, 

including carbohydrates, lipids, proteins, and flavonoids, alkaloids stand out. What makes them special 

is their amino acid origin and ability to be synthesized as secondary metabolites by plants and certain 

animals. Despite being secondary metabolites, alkaloids play a vital role in living organisms and have 

been highly valuable to humans for centuries, contradicting the notion that they are unnecessary.20 

Alkaloids exhibit potent biological effects in animals and humans, even at low doses. They are 

commonly found in everyday foods and beverages, as well as in stimulant drugs, highlighting their 

widespread presence in human life.21  

They showed antimicrobial, anticancer, antifungal, local anaesthetic and pain relief, anti-

inflammatory neuropharmacological, analgesics, and many other activities. Alkaloids are useful as diet 

ingredients, supplements, and pharmaceuticals, in medicine and in other applications in human life. 

Alkaloids are also important compounds in organic synthesis for searching new semisynthetic and 

synthetic compounds with possibly better biological activity than parent compounds. Alkaloids showed 
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quite diverse medicinal properties. Many alkaloids are used in traditional and modern medicine, with 

some examples including morphine, quinine, and ephedrine.22 Several alkaloids exhibit local anaesthetic 

properties, but their practical clinical application is restricted. Morphine, a well-known alkaloid, remains 

widely used for pain relief despite its potent narcotic effects. However, its addictive properties 

significantly limit its therapeutic utility.22 

Alkaloid extraction is the process of isolating alkaloids from biological sources, typically plants, 

using methods like solvent extraction, precipitation, or chromatography. The goal is to obtain a purified 

alkaloid extract for research, analysis, or application.23 Alkaloids are typically absorbed through the 

digestive system by passive diffusion. They can also be absorbed through the skin or by inhalation. The 

absorption process can be influenced by factors like concentration, solubility, and the presence of other 

substances.23 

4. Non-ribosomal 

Non-ribosomal peptides are secondary metabolites with their diverse functions which are including, 

siderophores, toxins, pigments, antibiotics. Their biosynthesis is distinct, as it occurs without ribosomal 

involvement. A unique mechanism in nonribosomal peptide antibiotic synthesis, where amino acids are 

activated by a multienzyme complex. Notably, peptide bond formation occurs independently of 

ribosomes, enabling diverse peptide structures. Gramicidin S, tyrocidine, surfactin, and bacitracin are 

prominent examples of nonribosomal peptides synthesized by nonribosomal peptide synthetases 

(NRPSs). These peptides are assembled by nonribosomal peptide synthetases (NRPSs), which operate 

independently of messenger RNA (mRNA), distinguishing them from ribosomal protein synthesis.24 

Each non-ribosomal peptide synthetase (NRPS) typically produces a single, specific peptide. These 

peptides often feature are cyclic and/or branched structures, non-proteinogenic amino acids, including 

D-amino acids, various modifications, such as glycosylation, acylation, N-methyl and N-formyl groups, 

halogenation, hydroxylation; This structural diversity contributes to their unique biological activities. 

Cyclization of amino acids within the peptide backbone often occurs, forming oxazolines and 

thiazolines. These structures can undergo further modification through oxidation or reduction.25 Non-

ribosomal peptides are a highly diverse group of natural products with their broad biological activities 

and pharmacological properties. They often function as toxins, siderophores, or pigments. Some have 

been developed into commercial applications, including antibiotics, cytostatics, Immuno suppressants. 

Additional modifications can occur, such as dehydration of serines, resulting in dehydroalanine. These 

are just a few examples of the diverse range of structural variations non-ribosomal peptides can exhibit. 

They often form a dimers or trimers of identical sequences cyclic, chained, or branched structures.25 

Non-ribosomal peptides (NRPs) are produced by non-ribosomal peptide synthetases (NRPSs), 

distinct from ribosomal protein synthetases. NRPs can incorporate both proteinogenic and non-

proteinogenic amino acids, exhibiting diverse biological activities. Extraction of NRPs often involves 

isolating the producing organism, followed by various methods to separate and purify the NRPs from the 

cell extract.26 non-ribosomal peptides (NRPs) are not absorbed in the same way as ribosomal peptides 
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(proteins). The synthesis of Non-ribosomal peptides are independent of ribosomes and mRNA. They are 

also different in their composition, often containing non-proteinogenic amino acids and modifications.26 

5. Enzyme cofactor 

Living organisms undergo numerous chemical reactions that serve various essential functions, such as; 

metabolizing food useful for breaking down nutrients, energy production which generating energy from 

broken-down nutrients, these reactions are vital for sustaining life and supporting bodily functions. A 

group of proteins known as enzymes facilitate various biological reactions. Some enzymes require a 

non-protein molecule, such as a cofactor or coenzyme, to become active and perform their catalytic 

functions. Cofactors are non-protein molecules that enable enzymes to function. Without cofactors, 

enzymes exist as inactive apoenzymes. Upon binding with a cofactor, the enzyme transforms into an 

active holoenzyme. Cofactors act as "helper molecules" that facilitate biochemical reactions.27 Enzyme 

kinetics is the study of the rates at which enzymes catalyse reactions. Unlike ligands, cofactors often 

function by remaining bound to the enzyme, enabling its catalytic activity. This binding is crucial for the 

enzyme's function. Cofactors are categorized into two main types which contains inorganic ions, 

coenzymes are complex organic molecules, often derived from the vitamins and other essential nutrients. 

These coenzymes play crucial roles in various biochemical reactions. Cofactors are also have broadly 

categorized into two groups includes organic cofactors such as flavin, heme, inorganic cofactors which 

are metal ions like Mg²⁺, Cu⁺, Mn²⁺, and iron-sulfur clusters, some enzymes require multiple cofactors to 

function effectively. The pyruvate dehydrogenase complex, a crucial enzyme at the intersection of 

glycolysis and the citric acid cycle, requires multiple cofactors, Organic cofactors such as Nicotinamide 

adenine dinucleotide (NAD⁺), Thiamine pyrophosphate (TPP), Lipoamide, Coenzyme A (CoA), Flavin 

adenine dinucleotide (FAD), and Inorganic cofactor Magnesium ion (Mg²⁺). These cofactors work 

together to facilitate the enzyme's function.27  

Enzyme cofactor extraction involves separating the non-protein, catalytic component of an enzyme 

from its protein part. This process typically uses various methods to solubilize the enzyme and then 

separate the cofactor, often by techniques like centrifugation or chromatography, according to Creative 

Enzymes.28 Enzyme cofactors, including both inorganic ions and organic coenzymes (like vitamins), are 

absorbed through the digestive system and then utilized in various metabolic processes. They are not 

directly "absorbed" in the way nutrients like carbohydrates are; instead, they are taken up and participate 

in enzymatic reactions.28 

Natural Product Identification and Analysis 

Creative Biostructure offers advanced technologies for identifying and quantifying natural product 

components, including; LC/MS, HPLC, GC/MS, SFC, NMR. etc; these technologies enable fast and 

highly repeatable validation of type, purity, strength, composition enabling comprehensive evaluation 

and quality control (QC) analysis. We've expanded our natural product research capabilities from, 

structural analysis: solving complex structural problems; High-throughput screening: efficient QC 

analysis for natural products which benefits our expertise provides comprehensive natural product 
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evaluation and quality control analysis. 29 A team of seasoned professionals, backed by years of 

experience, expertly handles the intricacies of natural product research. Their proficiency encompasses: 

Isolation and purification of complex compounds advanced analysis and characterization structure 

elucidation stringent quality control measures. This dedicated team ensures precise and reliable results, 

tailored to meet the unique demands of identification of new isolated natural products. By leveraging 

NMR and XRD techniques alongside automated equipment, we streamline key analysis and 

interpretation steps, accelerating workflow efficiency. This integration enables rapid and precise 

structure analysis of small molecules, supporting advancements in drug discovery, natural product 

research. The utilization of metabolomics techniques and research strategies to enhance natural product 

identification and analysis, unlocking deeper insights into complex biological systems. Metabolomics 

technology is a potent tool for uncovering natural products, enabling the quantitative and qualitative 

analysis of metabolites in biological systems, interpretation of biosynthetic transformations, revealing 

insights into natural product synthesis and metabolism. This approach facilitates the discovery and 

understanding of novel natural products.30 

Summary 

The Natural products are categorized into two main classes; Primary metabolites, essential for an 

organism's survival, and Secondary metabolites, which enhance growth or survival advantages in the 

organism's environment, though not crucial for immediate survival. Natural products are typically 

categorized based on their key structural characteristics. Natural products are broadly classified into four 

major classes which are the Phenylpropanoids which contains derived from the amino acids 

phenylalanine or tyrosine, the alkaloids are Nitrogen-containing organic molecules, Polyketides and 

Terpenoids those basically a synthesized from acetate and malonate and constructed from the five-

carbon building block isoprene. Nonribosomal peptides are products belonging to the class of secondary 

metabolites, synthesized independently of ribosomal machinery. There are different methods available 

for the identification of newly isolated natural products which includes LC/MS, GCMS, HPLC, NMR, 

SFC, etc. 
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