
© 2025 JETIR March 2025, Volume 12, Issue 3                                                              www.jetir.org (ISSN-2349-5162) 

JETIR2504000 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org j32 
 

INDUSTRIAL APPLICATIONS OF 

CHROMATOGRAPHY:                                                                               

ROLE IN PHARMACEUTICAL, FOOD, AND 

CHEMICAL INDUSTRIES 
Dr.N.MD.Akram, Coordinator,  

Dr. Abdul Haq Urdu University, Kurnool. Andhra Pradesh. India.  
Abstract 

Chromatography is a fundamental analytical technique extensively used in various industrial sectors for the separation, identification, 

and quantification of chemical components. Its ability to analyze complex mixtures with high accuracy and sensitivity has made it 

indispensable in industries such as pharmaceuticals, food processing, and chemical manufacturing. This article reviews the pr inciples 

of chromatography, its major classifications, and its significant role in industrial applications. Special emphasis is placed on the 

pharmaceutical, food, and chemical industries, where chromatography is crucial for quality control, safety assurance, and regulatory 

compliance. The importance, advantages, and future developments of chromatographic techniques are also discussed, highlighting 

their continued relevance in modern industrial analysis. 
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1. Introduction 

Chromatography is one of the most important analytical techniques used in modern science and industry. The term chromatography is 

derived from the Greek words chroma (color) and graphein (to write), and the technique was first introduced by Mikhail Tsvet in 

1903. Over time, chromatography has evolved from a simple laboratory method into a highly advanced and precise analytical tool. 

Industries today require strict quality control, safety monitoring, and compliance with regulatory standards. Chromatographic 

techniques provide reliable and reproducible results, making them essential for industrial laboratories. This article focuses  on the 

industrial applications of chromatography, particularly in the pharmaceutical, food, and chemical industries, and discusses its 

importance and future scope. 

2. Principles and Classification of Chromatography 

Chromatography works on the principle of differential migration of components between a stationary phase and a mobile phase. 

Based on this principle, chromatography can be classified in several ways. 

2.1 Classification Based on Mobile Phase 

Gas Chromatography (GC): Uses a gas as the mobile phase and is suitable for volatile compounds.  

Liquid Chromatography (LC): Uses a liquid mobile phase and is ideal for non-volatile and thermally unstable compounds. 

Supercritical Fluid Chromatography (SFC): Uses supercritical fluids and combines advantages of GC and LC.  

2.2 Classification Based on Separation Mechanism 

Adsorption chromatography 

Partition chromatography 

Ion exchange chromatography 

Affinity chromatography 

Size exclusion chromatography 

2.3 Classification Based on Technique Format 

Thin Layer Chromatography (TLC) 

High Performance Liquid Chromatography (HPLC) 

Ultra-High Performance Liquid Chromatography (UHPLC) 

3. Industrial Applications of Chromatography 

3.1 Pharmaceutical Industry 

The pharmaceutical industry relies heavily on chromatography for drug development, manufacturing, and quality control. 

Chromatographic techniques are used to analyze active pharmaceutical ingredients (APIs), excipients, and finished dosage forms. 

HPLC and GC are widely used for impurity profiling, residual solvent analysis, and stability studies. In biopharmaceuticals, affinity 

and ion exchange chromatography are used for the purification of proteins, enzymes, and vaccines. Chromatography ensures drug 

safety, efficacy, and compliance with international regulatory guidelines. 
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3.2 Food Industry 

In the food industry, chromatography plays a vital role in ensuring food quality and safety. It is used to detect pesticide residues, food 

additives, preservatives, and contaminants such as mycotoxins. Gas chromatography is commonly used for flavor and aroma analysis, 

while liquid chromatography is used for nutritional analysis, including vitamins and amino acids. Chromatography also helps in 

identifying food adulteration, ensuring consumer protection and regulatory compliance.  

3.3 Chemical Industry 

Chromatography is widely used in the chemical and petrochemical industries for process monitoring, product characterization, and 

environmental analysis. Gas chromatography is extensively applied in the analysis of hydrocarbons and industrial gases, while  liquid 

chromatography is used for polymers, dyes, and specialty chemicals. Chromatographic techniques help optimize production processes 

and monitor environmental pollutants in industrial waste streams. 

3.4 Chromatography in Scientific Research 

Applications 

Proteomics and metabolomics 

Environmental research 

Nanomaterial characterization 

Forensic science 

Techniques 

          LC–MS/MS 

         Multidimensional chromatography (2D-LC, GC×GC) 

3.5 Role of Chromatography in Space Technology: Space Exploration and Astrobiology 

Analysis of organic molecules in extraterrestrial samples 

Detection of amino acids and hydrocarbons 

Used in Mars rovers and comet missions 

Examples 

GC–MS instruments on space probes 

Analysis of lunar and Martian soil samples 

3.6 Life Support Systems in Spacecraft 

Monitoring air and water quality 

Detection of trace contaminants 

Ensuring astronaut safety 

3.7 Material and Fuel Analysis 

Testing spacecraft materials for outgassing 

Fuel composition analysis 

Lubricant degradation studies 

3.8 Microgravity Research 

Studying separation behavior under microgravity 

Improving chromatography models for Earth applications  

4. Importance and Advantages of Chromatography in Industry 

Chromatography offers numerous advantages that make it indispensable in industrial applications: 

High sensitivity and accuracy 

Ability to separate complex mixtures 

Wide applicability across industries 

Reliable and reproducible results 

Essential for quality control and regulatory compliance 

5. Limitations of Chromatography 

Despite its advantages, chromatography has certain limitations, including high equipment costs, the requirement for skilled operators, 

solvent consumption, and time-consuming method development. 

6. Future Scope of Chromatography 

The future of chromatography lies in technological advancements aimed at improving efficiency and sustainability. Green 

chromatography focuses on reducing solvent usage and environmental impact. Automation and hyphenated techniques such as GC–

MS and LC–MS are enhancing analytical capabilities. Additionally, the integration of artificial intelligence and data analysis tools is 

expected to improve method development and industrial process control. 

6. Future Scope in Space Science and Space Technology 

6.1 Miniaturized and Space-Qualified Chromatographic Systems 

Development of compact, low-power GC and LC systems for spacecraft and planetary rovers 

Integration of microfluidic chromatography (µGC, µLC) 

Suitability for long-duration missions with limited maintenance 

Impact 

In-situ chemical analysis on Mars, Moon, asteroids, and icy moons 

Reduced reliance on Earth-based sample return missions 

6.2 Astrobiology and Search for Life 

Detection of biosignatures such as amino acids, lipids, and organic acids 

Advanced chiral chromatography to distinguish biological from abiotic molecules 

Enhanced sensitivity for trace-level organic compounds 
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Future Potential 

Direct evidence of prebiotic chemistry or life beyond Earth 

6.3 Life Support and Environmental Monitoring in Spacecraft 

Continuous monitoring of air, water, and waste recycling systems 

Real-time detection of toxic gases and organic contaminants  

Autonomous chromatographic systems linked with AI diagnostics 

6.4 Microgravity-Based Separation Science 

Understanding chromatographic behavior under microgravity 

Improved mass transfer models benefiting both space and Earth-based processes 

Potential for ultra-high-purity separations in space manufacturing 

6.5. Future Scope in Scientific Research 

 Multidimensional and Hyphenated Techniques 

Growth of GC×GC, LC×LC, and LC–MS/MS 

Enhanced separation of highly complex mixtures (omics, environmental samples) 

6.6 Chromatography in Systems Biology and Precision Medicine 

Large-scale proteomics, metabolomics, and lipidomics 

Single-cell chromatography combined with mass spectrometry 

Biomarker discovery for early disease diagnosis 

6.7 Automation and Artificial Intelligence Integration 

AI-driven method development and optimization 

Predictive retention modeling 

Automated peak identification and impurity profiling 

6.8. Future Scope in the Pharmaceutical Industry: Next-Generation Drug Development 

High-throughput chromatographic screening 

Real-time monitoring of drug synthesis and formulation 

Advanced chiral separations for enantiomeric purity 

6.9 Biopharmaceuticals and Advanced Therapeutics 

Chromatographic purification of: 

Monoclonal antibodies 

mRNA vaccines 

Cell and gene therapy products 

Increased use of affinity and size-exclusion chromatography 

7. Continuous Manufacturing and Process Analytical Technology (PAT)  

On-line and at-line chromatography 

Integration with continuous flow reactors 

Regulatory-driven adoption under Quality by Design (QbD)7.1 Green and Sustainable Pharmaceutical Chromatography 

Solvent-free or low-solvent techniques (SFC, water-based LC) 

Recyclable stationary phases 

Reduced environmental footprint 

 

 

7.2   Future Scope in the Food Industry: Food Safety and Real-Time Monitoring 

Portable chromatographic devices for on-site testing 

Rapid detection of pesticides, mycotoxins 

, and adulterants 

Enhanced food traceability systems 

7.3 Food Authentication and Nutritional Profiling 

Fingerprinting of food origin and authenticity 

Profiling bioactive compounds and micronutrients  

Detection of genetically modified components  

 

7.4 Smart Packaging and Shelf-Life Monitoring 

Chromatographic sensors integrated into packaging 

Monitoring volatile spoilage markers 

Reduction of food waste 

 

7.5. Future Scope in the Chemical and Petrochemical Industry: Advanced Process Control 

Real-time chromatographic monitoring of reactions 

Feedback-controlled chemical synthesis 

Improved catalyst performance analysis 

 

7.6 Sustainable and Green Chemistry 

Monitoring renewable feedstocks 

Analysis of biodegradable polymers 
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Reduced solvent and energy consumption 

 

7.7 Materials Science and Nanotechnology 

Characterization of nanomaterials and advanced polymers 

Size-exclusion chromatography for molecular weight control 

Purity assessment of specialty chemicals 

7.8. Cross-Industry and Emerging Trends : Portable and Wearable Chromatography 

Field-deployable systems for environmental and industrial use 

Emergency response and defense applications 

 

7.9. Digital Chromatography and Data Science 

Cloud-based chromatographic data management 

Digital twins of chromatographic processes 

Regulatory-compliant electronic records 

 

8. Conclusion 

Chromatography is a cornerstone of industrial analytical chemistry. Its role in pharmaceutical, food, and chemical industries is c ritical 

for ensuring product quality, safety, and compliance with regulatory standards. Continuous advancements in chromatographic 

techniques will further expand their industrial applications, making chromatography an essential tool in modern industrial processes. 
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