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Course title: Basic Food Chemistry 

Course credit load: 2 units 

List of Series: 

1. Principles of Proximate Analysis in Food Chemistry 

2. Determination of Food Constituents and Contaminants 

3. Protein Analysis Methods Beyond Kjeldahl 

4. Characterization of Free and Bound Lipids 

5. Sugar Determination Techniques: Lane & Eynon, Munson & Walker, and Dubois 

Methods 

Part 1: Foundations of Proximate Analysis 

• Sub-Part 1.1: Definition and Scope of Proximate Analysis 

• Sub-Part 1.2: Importance of Proximate Analysis in Food Chemistry 

• Sub-Part 1.3: General Methods and Principles 

Part 2: Moisture and Ash Determination 

• Sub-Part 2.1: Methods of Moisture Analysis 

• Sub-Part 2.2: Methods of Ash Analysis 

Part 3: Crude Protein and Crude Fat Determination 

• Sub-Part 3.1: Principles of Protein Analysis (including Kjeldahl overview) 

• Sub-Part 3.2: Methods of Crude Fat Analysis 

Part 4: Crude Fibre and Carbohydrate Determination 

• Sub-Part 4.1: Methods of Crude Fibre Analysis 

• Sub-Part 4.2: Determination of Total Carbohydrate 

 

Introduction 

Food is central to human survival, yet the quality and safety of what we consume depend greatly 

on knowing its composition. Imagine standing in a food laboratory, faced with a sample of flour 

or milk, and being asked to determine how much protein, fat, fibre, or carbohydrate it contains. 

This is where proximate analysis becomes essential. It provides the basic chemical breakdown of 

food, offering a foundation for nutrition studies, food processing, and quality control. In this Series, 
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you will be guided through the principles and applications of proximate analysis, which form the 

bedrock of food chemistry. 

The aim of this Series is to equip you with the knowledge and skills to explain, apply, and evaluate 

the methods used in proximate analysis, enabling you to interpret food composition data with 

confidence. 

We shall commence this Series by examining the foundations of proximate analysis, including its 

definition, scope, and importance. Next, we will move on to the determination of moisture and 

ash, which are critical indicators of food stability and mineral content. Following that, we will 

explore the analysis of crude protein and crude fat, focusing on their principles and laboratory 

methods. Finally, we will wrap up by studying crude fibre and carbohydrate determination, thereby 

completing the full spectrum of proximate analysis techniques. This sequential journey will 

provide you with a comprehensive understanding of how food composition is scientifically 

assessed. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 1.1 define the concept and scope of proximate analysis in food chemistry, 

SLO 1.2 explain the importance and general principles underlying proximate analysis, 

SLO 1.3 demonstrate methods for determining moisture content in food samples, 

SLO 1.4 apply techniques for analysing ash content as a measure of mineral composition, 

SLO 1.5 describe the principles of crude protein determination with reference to the Kjeldahl 

method, 

SLO 1.6 perform crude fat analysis using standard laboratory procedures, 

SLO 1.7 analyse crude fibre content in food samples, and 

SLO 1.8 evaluate carbohydrate composition through proximate analysis methods. 

 

1.1 Foundations of Proximate Analysis 

1.1.1 Definition and scope of proximate analysis 

Proximate analysis is the classical method used to determine the basic chemical composition of 

food. It involves the estimation of six major components: moisture, ash, crude protein, crude fat, 

crude fibre, and carbohydrate. These are referred to as the proximate principles because they 

provide a broad overview of the nutritional value of food. The scope of proximate analysis is wide, 

ranging from food quality control to nutritional evaluation and regulatory compliance. For 
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example, food industries rely on proximate analysis to ensure that their products meet labelling 

requirements, while nutritionists use it to assess dietary intake. In research, proximate analysis 

serves as a baseline for more advanced studies on food chemistry. 

By breaking food down into these six components, proximate analysis allows scientists and 

technologists to make informed decisions about processing, preservation, and consumption. It is 

often the first step in food analysis because it provides a rapid and reliable estimate of composition. 

Fill in the blank: Proximate analysis provides information about the ______ composition of food. 

Figure 1.1 Components of proximate analysis in food chemistry 

1.1.2 Importance of proximate analysis in food chemistry 

The importance of proximate analysis lies in its ability to provide essential data for food evaluation. 

For instance, the moisture content of food is directly related to its shelf life and susceptibility to 

microbial growth. Foods with high moisture content, such as fresh fruits, are more prone to 

spoilage, whereas low-moisture foods like cereals are more stable. The ash content of food reflects 

its mineral composition, which is vital for human health. Minerals such as calcium, iron, and zinc 

are critical for physiological functions, and their levels can be inferred from ash analysis. 

Crude protein and crude fat are macronutrients that determine the energy and nutritional value 

of food. Protein is essential for growth and repair of tissues, while fat provides concentrated energy 

and aids in the absorption of fat-soluble vitamins. Crude fibre plays a role in digestion and bowel 

health, and carbohydrate is the primary source of energy for the body. Together, these proximate 

principles provide a comprehensive picture of food quality. 
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In food industries, proximate analysis is indispensable for product development, quality assurance, 

and compliance with nutritional labelling standards. For consumers, the values derived from 

proximate analysis help in making informed dietary choices. 

Fill in the blank: The proximate principle that indicates the mineral composition of food is called 

______. 

 

Box 1.1 Selected applications of proximate analysis 

1.1.3 General methods and principles 

The methods of proximate analysis are based on fundamental principles of gravimetric analysis, 

which involves measuring changes in weight, and volumetric analysis, which involves titration 

and measurement of liquid volumes. For example, moisture is determined by drying food samples 

to constant weight, often using an oven or vacuum drying technique. Ash is obtained by 

incinerating food at high temperatures in a muffle furnace until all organic matter is burnt off, 

leaving only the mineral residue. 

Protein is commonly measured using the Kjeldahl method, which estimates nitrogen content. 

This method involves digestion of the food sample with concentrated sulphuric acid, conversion 

of nitrogen into ammonium sulphate, and subsequent distillation and titration to determine nitrogen 

levels. Fat is extracted using solvents such as ether or petroleum spirit in a Soxhlet apparatus, 

which allows continuous extraction until all fat is removed. Fibre is determined by sequential 

digestion with acid and alkali to simulate the digestive process, leaving behind indigestible residue. 

Carbohydrate is usually calculated by difference, subtracting the sum of moisture, ash, protein, fat, 

and fibre from 100. 

These methods are standardised to ensure reproducibility and accuracy. They provide a reliable 

framework for food analysis, although modern techniques such as chromatography and 

spectroscopy are increasingly used to complement proximate analysis. 

Fill in the blank: The method commonly used to estimate protein content in food is the ______ 

method. 
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Table 1.1 Overview of proximate analysis methods 

 

Pilot questions 1.1 

1. Which term refers to the systematic determination of food composition into six basic 

components? 

2. What proximate principle is used to estimate the mineral content of food? 

3. Which method is commonly applied to determine protein content in food samples? 

4. Why is moisture content important in food chemistry? 

5. What analytical approach involves measuring weight changes in food samples? 
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1.2 Moisture and Ash Determination 

1.2.1 Methods of moisture analysis 

Moisture content refers to the amount of water present in a food sample. It is a critical factor 

because it influences the shelf life, texture, and microbial stability of food. Foods with high 

moisture content, such as fruits and vegetables, are more prone to spoilage, while low-moisture 

foods like cereals and powdered milk are more stable. Determining moisture is therefore essential 

for food preservation and quality control. 

The most common method of moisture determination is oven drying, where a food sample is 

heated at a controlled temperature until it reaches constant weight. This method is simple and 

widely used, but care must be taken to avoid decomposition of heat-sensitive components. Another 

approach is vacuum oven drying, which reduces the risk of thermal degradation by lowering the 

pressure and drying at lower temperatures. Distillation methods, such as the Karl Fischer titration, 

are also employed for precise measurement, especially in foods with volatile compounds. 

Fill in the blank: The most common method of moisture determination in food is ______ drying. 

Figure 1.2 Oven drying method for moisture analysis 

Moisture analysis is not only important for food safety but also for economic reasons. For example, 

excessive moisture in flour can reduce its baking quality, while in dried products, moisture levels 

must be kept within strict limits to prevent spoilage. 
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1.2.2 Methods of ash analysis 

Ash content refers to the inorganic residue that remains after complete combustion of food. It 

represents the total mineral composition of the sample, including elements such as calcium, 

potassium, sodium, and iron. Ash determination is important because minerals are essential for 

human nutrition and also influence the functional properties of food. 

The most widely used method is dry ashing, where food samples are incinerated in a muffle 

furnace at temperatures between 500°C and 600°C until all organic matter is burnt off. The residue 

left behind is weighed as ash. This method is straightforward but may lead to loss of volatile 

minerals. To overcome this, wet ashing is sometimes used, where strong oxidising acids such as 

nitric acid are applied to digest the organic matter, leaving behind mineral elements for analysis. 

Fill in the blank: The inorganic residue left after complete combustion of food is referred to as 

______. 
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Plate 1.1 Muffle furnace for dry ashing of food samples 

Ash analysis provides valuable information about the nutritional quality of food. For instance, high 

ash content in leafy vegetables indicates rich mineral composition, while low ash content in refined 

foods reflects nutrient loss during processing. 
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Table 1.2 Comparison of dry ashing and wet ashing methods  

 

Pilot questions 1.2 

1. What term refers to the amount of water present in a food sample? 

2. Which method of moisture determination involves heating food until constant weight? 

3. What is the inorganic residue left after complete combustion of food called? 

4. At what temperature range is dry ashing typically carried out in a muffle furnace? 

5. Why might wet ashing be preferred over dry ashing in certain cases? 

 

1.3 Crude Protein and Crude Fat Determination 

1.3.1 Principles of crude protein determination 

Crude protein refers to the total protein content of food estimated indirectly by measuring 

nitrogen. Proteins are made up of amino acids, which contain nitrogen in their structure. Since 

direct measurement of protein is complex, the Kjeldahl method is widely used to estimate 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

nitrogen and then convert it to protein using a factor, usually 6.25. This factor assumes that proteins 

contain about 16 percent nitrogen on average. 

The Kjeldahl method involves three main steps: digestion, distillation, and titration. In digestion, 

the food sample is treated with concentrated sulphuric acid in the presence of a catalyst, converting 

nitrogen into ammonium sulphate. During distillation, the ammonium is released as ammonia by 

adding alkali, which is then trapped in a boric acid solution. Finally, titration with a standard acid 

determines the amount of ammonia, and hence nitrogen, present. The nitrogen value is multiplied 

by the conversion factor to give crude protein. 

Fill in the blank: The conversion factor commonly used to calculate crude protein from nitrogen 

content is ______. 

Figure 1.3 Steps in the Kjeldahl method for protein determination 

While the Kjeldahl method is reliable, it has limitations. It measures total nitrogen, not just protein 

nitrogen, so non-protein nitrogen compounds may cause slight overestimation. Modern 

alternatives such as the Dumas combustion method are faster and more automated, but the Kjeldahl 

method remains the standard in many laboratories. 

1.3.2 Methods of crude fat analysis 
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Crude fat refers to the total lipid content of food extracted using organic solvents. Fat is an 

important macronutrient, providing concentrated energy and aiding in the absorption of fat-soluble 

vitamins. Its determination is essential for nutritional labelling and quality control in food 

industries. 

The most common method of fat determination is the Soxhlet extraction method. In this 

technique, food samples are placed in a thimble and repeatedly washed with a solvent such as 

petroleum ether or diethyl ether. The solvent dissolves the fat, which is collected in a flask after 

continuous extraction. The solvent is then evaporated, leaving behind the fat residue that is 

weighed to determine crude fat content. 

Fill in the blank: The apparatus commonly used for crude fat extraction is the ______ extractor. 

Plate 1.2 Soxhlet apparatus for crude fat determination 
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Other methods include continuous solvent extraction and rapid instrumental techniques such as 

nuclear magnetic resonance (NMR). However, Soxhlet extraction remains the most widely 

accepted method because of its accuracy and reproducibility. 

 

 

 

 

 

Table 1.3 Comparison of Soxhlet extraction and alternative fat determination methods 

 

Pilot questions 1.3 

1. What term refers to the total protein content of food estimated indirectly by nitrogen 

measurement? 

2. Which method is most commonly used for crude protein determination in food chemistry? 

3. What conversion factor is typically applied to nitrogen values to calculate crude protein? 
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4. Which apparatus is widely used for crude fat extraction in food samples? 

5. Why is crude fat determination important in food industries? 

 

1.4 Crude Fibre and Carbohydrate Determination 

1.4.1 Methods of crude fibre analysis 

Crude fibre refers to the indigestible portion of plant-derived foods, mainly composed of 

cellulose, hemicellulose, and lignin. It is determined by subjecting food samples to sequential 

digestion with dilute acid and alkali, mimicking the conditions of the human digestive tract. The 

residue left after this treatment is dried, weighed, and incinerated to remove any remaining organic 

matter, leaving only the fibre fraction. 

Crude fibre analysis is important because it provides information about the dietary fibre content of 

food, which plays a role in digestion, bowel health, and prevention of certain diseases. Although 

the method does not measure all types of dietary fibre, it remains a standard approach in proximate 

analysis. For example, cereals and legumes often show higher crude fibre values compared to 

refined foods. 

Fill in the blank: The indigestible portion of plant-derived foods, mainly cellulose and lignin, is 

referred to as ______. 

 

Figure 1.4 Sequential digestion steps in crude fibre analysis 
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Crude fibre values are useful in assessing the nutritional quality of food products. High fibre foods 

are recommended for healthy diets, while low fibre foods may contribute to digestive problems. 

1.4.2 Determination of total carbohydrate 

Carbohydrate refers to organic compounds made up of carbon, hydrogen, and oxygen, serving as 

the primary source of energy in human diets. In proximate analysis, carbohydrate is usually 

determined by difference, meaning that the sum of moisture, ash, protein, fat, and fibre is 

subtracted from 100. This indirect method provides a quick estimate of carbohydrate content. 

Carbohydrate determination is important because it helps in evaluating the energy value of food. 

For instance, staple foods such as rice, maize, and cassava are rich in carbohydrates, while animal 

products generally contain lower amounts. Although the difference method is widely used, more 

specific techniques such as colourimetric assays can be applied when detailed carbohydrate 

profiling is required. 

Fill in the blank: In proximate analysis, carbohydrate content is usually calculated by ______. 

Table 1.4 Calculation of carbohydrate content by difference 

 

Carbohydrate analysis is essential for food industries, especially in nutritional labelling, since 

energy values are often calculated based on carbohydrate, protein, and fat content. 

Pilot questions 1.4 

1. What term refers to the indigestible portion of plant-derived foods mainly composed of 

cellulose and lignin? 

2. Which analytical process involves sequential digestion with dilute acid and alkali to 

determine fibre? 

3. How is carbohydrate content usually calculated in proximate analysis? 
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4. Why is crude fibre determination important in assessing food quality? 

5. What role do carbohydrates play in human nutrition? 

 

Series Summary 

This Series has introduced you to the principles and applications of proximate analysis, a 

fundamental approach in food chemistry that provides essential information about the composition 

and nutritional quality of food. Its relevance lies in food evaluation, quality control, and nutritional 

labelling, making it a cornerstone of both academic study and industrial practice. 

We began by exploring the foundations of proximate analysis, defining its scope and importance, 

before moving on to methods for determining moisture and ash content. We then examined crude 

protein determination, focusing on the Kjeldahl method, and crude fat analysis using solvent 

extraction techniques. Finally, we considered crude fibre analysis and the calculation of 

carbohydrate content by difference. By completing this Series, you should now be able to define 

proximate analysis, explain its principles, demonstrate methods for moisture and ash 

determination, describe and apply techniques for protein and fat analysis, and evaluate fibre and 

carbohydrate composition, as outlined in the Series Learning Outcomes (SLOs). 

 

Glossary of Terms 

Ash content: The inorganic residue that remains after food is completely burnt, representing its 

mineral composition. 

Carbohydrate: Organic compounds made up of carbon, hydrogen, and oxygen that serve as the 

primary source of energy in human diets. 

Crude fat: The total lipid content of food extracted using organic solvents, providing concentrated 

energy and aiding absorption of fat-soluble vitamins. 

Crude fibre: The indigestible portion of plant-derived foods, mainly cellulose, hemicellulose, and 

lignin, determined by sequential acid and alkali digestion. 

Crude protein: The total protein content of food estimated indirectly by measuring nitrogen and 

applying a conversion factor. 

Gravimetric analysis: An analytical method based on measuring changes in weight to determine 

the amount of a substance. 

Kjeldahl method: A classical laboratory technique used to estimate nitrogen content in food, 

which is then converted to crude protein. 

Moisture content: The amount of water present in a food sample, influencing its shelf life, texture, 

and susceptibility to microbial growth. 
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Proximate analysis: The systematic determination of the six major components of food: moisture, 

ash, crude protein, crude fat, crude fibre, and carbohydrate. 

Soxhlet extraction: A laboratory method for crude fat determination, where food samples are 

repeatedly washed with a solvent to extract lipids. 

Volumetric analysis: An analytical method based on measuring liquid volumes, often used in 

titration to determine the concentration of a substance. 

 

 

Concept Check Questions [Series 1] 

Objective Questions 

1. Which proximate principle represents the mineral composition of food? (Linked to SLO 

1.4) 

2. The Kjeldahl method is primarily used to determine which food component? (Linked to 

SLO 1.5) 

3. In proximate analysis, carbohydrate content is usually calculated by ______. (Linked to 

SLO 1.8) 

4. The apparatus commonly used for crude fat extraction is the ______ extractor. (Linked to 

SLO 1.6) 

5. Moisture content in food is most commonly determined by ______ drying. (Linked to SLO 

1.3) 

Short-Answer Questions 

6. Define proximate analysis and explain its scope in food chemistry. (Linked to SLO 1.1) 

7. Why is moisture determination important in food preservation and quality control? (Linked 

to SLO 1.3) 

8. Describe one limitation of the Kjeldahl method in protein determination. (Linked to SLO 

1.5) 

9. Explain why crude fibre analysis is significant in evaluating food quality. (Linked to SLO 

1.7) 

10. What role do carbohydrates play in human nutrition according to proximate analysis? 

(Linked to SLO 1.8) 

Long-Answer Questions 

11. Analyse the importance of proximate analysis in food industries, giving examples of its 

applications in product development and nutritional labelling. (Linked to SLO 1.2) 
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12. Evaluate the differences between dry ashing and wet ashing methods for mineral 

determination, highlighting their advantages and limitations. (Linked to SLO 1.4) 

13. Demonstrate how crude protein is determined using the Kjeldahl method, outlining each 

step clearly. (Linked to SLO 1.5) 

14. Assess the nutritional significance of crude fat and crude fibre in human diets, and discuss 

how their determination supports dietary planning. (Linked to SLOs 1.6 and 1.7) 

Answers to Concept Check Questions [Series 1] 

Objective Questions 

1. Ash content. 

2. Crude protein. 

3. Difference method. 

4. Soxhlet extractor. 

5. Oven drying. 

Short-Answer Questions 

6. Proximate analysis is the systematic determination of six major food components: 

moisture, ash, protein, fat, fibre, and carbohydrate. Its scope includes food quality control, 

nutritional evaluation, and regulatory compliance. 

7. Moisture determination is important because high moisture foods spoil quickly due to 

microbial growth, while low moisture foods are more stable and have longer shelf lives. 

8. The Kjeldahl method measures total nitrogen, not just protein nitrogen, so non-protein 

nitrogen compounds may cause overestimation. 

9. Crude fibre analysis is significant because fibre aids digestion, supports bowel health, and 

contributes to disease prevention. 

10. Carbohydrates are the primary source of energy in human diets, and their determination 

helps evaluate the energy value of food. 

Long-Answer Questions 

11. Basic response: Proximate analysis is important in food industries because it provides 

baseline data for product development, quality assurance, and nutritional labelling. For 

example, moisture analysis ensures shelf stability, while protein and fat analysis support 

accurate nutrition claims. Value-added response: Beyond these, proximate analysis 

supports international trade by ensuring compliance with food standards, aids in research 

on food fortification, and helps in designing specialised diets for vulnerable populations 

such as infants or patients with dietary restrictions. 
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12. Basic response: Dry ashing involves incinerating food samples in a muffle furnace, while 

wet ashing uses strong acids to digest organic matter. Dry ashing is simple but may cause 

loss of volatile minerals, whereas wet ashing preserves volatile elements but requires 

careful handling of corrosive chemicals. Value-added response: Wet ashing is often 

preferred for trace mineral analysis, while dry ashing is suitable for routine laboratory 

work. The choice depends on the precision required and the type of food sample being 

analysed. 

13. Basic response: The Kjeldahl method involves three steps: digestion with sulphuric acid 

to convert nitrogen into ammonium sulphate, distillation to release ammonia, and titration 

to measure nitrogen content. The nitrogen value is multiplied by a conversion factor to 

obtain crude protein. Value-added response: Advanced learners may note that catalysts 

such as selenium or copper are used to speed digestion, and that modern adaptations of the 

Kjeldahl method include automated distillation and titration systems for efficiency and 

accuracy. 

14. Basic response: Crude fat provides concentrated energy and aids in the absorption of fat-

soluble vitamins, while crude fibre supports digestion and bowel health. Their 

determination ensures foods meet nutritional requirements. Value-added response: In 

dietary planning, fat analysis helps balance energy intake, while fibre analysis supports 

recommendations for preventing lifestyle diseases such as obesity, diabetes, and 

cardiovascular disorders. Together, they guide both food industries and public health 

nutrition strategies. 

 

Answers to Pilot Questions [Series 1] 

Part 1: Foundations of Proximate Analysis 

1. Chemical composition of food 

2. Ash 

3. Kjeldahl method 

4. Moisture content 

5. Gravimetric analysis 

Part 2: Moisture and Ash Determination 

1. Moisture content 

2. Oven drying 

3. Ash 

4. 500–600°C 
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5. To preserve volatile minerals 

Part 3: Crude Protein and Crude Fat Determination 

1. Crude protein 

2. Kjeldahl method 

3. 6.25 

4. Soxhlet extractor 

5. For nutritional labelling and quality control 

Part 4: Crude Fibre and Carbohydrate Determination 

1. Crude fibre 

2. Sequential acid and alkali digestion 

3. Difference method 

4. Fibre supports digestion and bowel health 

5. Carbohydrates provide the primary source of energy in human diets 

 

References and Attributions [Series 1] 

This section compiles all references and attributions for Series 1: Proximate Analysis of Food: 

Principles and Applications. It includes suggested open educational resources (OERs), illustration 

prompts, and notes on AI-generated placeholders. The referencing style applied here follows APA 

guidelines for clarity and consistency. 

General References 

• AOAC International. (2019). Official methods of analysis of AOAC International (21st 

ed.). Rockville, MD: AOAC International. 

• Nielsen, S. S. (2017). Food analysis laboratory manual (3rd ed.). Cham: Springer. 

• Belitz, H. D., Grosch, W., & Schieberle, P. (2009). Food chemistry (4th ed.). Berlin: 

Springer. 

Illustration Attributions 

• Figure 1.1 Components of proximate analysis in food chemistry AI-generated placeholder. 

Prompt: “Generate a labelled diagram showing moisture, ash, protein, fat, fibre, and 

carbohydrate as components of proximate analysis.” Suggested OER search string: 

“proximate analysis food composition diagram OER”. 
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• Box 1.1 Selected applications of proximate analysis AI-generated placeholder. Prompt: 

“Create a text box listing applications of proximate analysis such as food labelling, quality 

control, and nutritional evaluation.” Suggested OER search string: “applications of 

proximate analysis in food chemistry OER”. 

• Table 1.1 Overview of proximate analysis methods AI-generated placeholder. Prompt: 

“Generate a table showing proximate components (moisture, ash, protein, fat, fibre, 

carbohydrate) and their respective methods of determination.” Suggested OER search 

string: “proximate analysis methods table OER”. 

• Figure 1.2 Oven drying method for moisture analysis AI-generated placeholder. Prompt: 

“Generate a labelled diagram showing a food sample being dried in an oven until constant 

weight.” Suggested OER search string: “oven drying moisture determination food 

chemistry diagram OER”. 

• Plate 1.1 Muffle furnace for dry ashing of food samples AI-generated placeholder. Prompt: 

“Generate an image of a laboratory muffle furnace used for ash determination in food 

chemistry.” Suggested OER search string: “muffle furnace ash determination food 

chemistry OER”. 

• Table 1.2 Comparison of dry ashing and wet ashing methods AI-generated placeholder. 

Prompt: “Generate a table comparing dry ashing and wet ashing methods for ash 

determination in food.” Suggested OER search string: “dry ashing vs wet ashing food 

chemistry OER”. 

• Figure 1.3 Steps in the Kjeldahl method for protein determination AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing digestion, distillation, and 

titration steps in the Kjeldahl method.” Suggested OER search string: “Kjeldahl method 

protein determination diagram OER”. 

• Plate 1.2 Soxhlet apparatus for crude fat determination AI-generated placeholder. Prompt: 

“Generate an image of a Soxhlet extraction apparatus used for crude fat determination in 

food chemistry.” Suggested OER search string: “Soxhlet apparatus crude fat determination 

OER”. 

• Table 1.3 Comparison of Soxhlet extraction and alternative fat determination methods AI-

generated placeholder. Prompt: “Generate a table comparing Soxhlet extraction and 

alternative fat determination methods for crude fat analysis.” Suggested OER search string: 

“Soxhlet extraction vs rapid fat determination methods OER”. 

• Figure 1.4 Sequential digestion steps in crude fibre analysis AI-generated placeholder. 

Prompt: “Generate a labelled diagram showing acid digestion, alkali digestion, drying, and 

incineration steps in crude fibre determination.” Suggested OER search string: “crude fibre 

determination sequential digestion diagram OER”. 

• Table 1.4 Calculation of carbohydrate content by difference AI-generated placeholder. 

Prompt: “Generate a table showing proximate values for moisture, ash, protein, fat, fibre, 
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and calculation of carbohydrate by difference.” Suggested OER search string: 

“carbohydrate determination by difference food chemistry OER”. 

 

 

 

 

Course code: FST302 

Course title: Basic Food Chemistry 

Course credit load: 2 units 

List of Series: 

6. Principles of Proximate Analysis in Food Chemistry 

7. Determination of Food Constituents and Contaminants 

8. Protein Analysis Methods Beyond Kjeldahl 

9. Characterization of Free and Bound Lipids 

10. Sugar Determination Techniques: Lane & Eynon, Munson & Walker, and Dubois Methods 

Part 1: Determination of Major Food Constituents 

• Sub-Part 1.1: Protein determination methods (beyond Kjeldahl) 

• Sub-Part 1.2: Lipid determination and characterisation 

• Sub-Part 1.3: Carbohydrate determination techniques 

• Sub-Part 1.4: Vitamin and mineral analysis 

Part 2: Detection of Food Contaminants 

• Sub-Part 2.1: Chemical contaminants (pesticides, heavy metals, additives) 

• Sub-Part 2.2: Biological contaminants (microorganisms, toxins) 

• Sub-Part 2.3: Physical contaminants (foreign matter, adulterants) 

Part 3: Analytical Tools and Quality Assurance 

• Sub-Part 3.1: Chromatographic techniques (HPLC, GC) 

• Sub-Part 3.2: Spectroscopic methods (UV-Vis, Atomic Absorption, IR) 

• Sub-Part 3.3: Good laboratory practices and validation of results 

Part 4: Applications in Food Safety and Regulation 

• Sub-Part 4.1: Role of proximate and contaminant analysis in food safety 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

• Sub-Part 4.2: National and international standards (e.g., Codex Alimentarius, NAFDAC, 

FDA) 

• Sub-Part 4.3: Case studies in food quality monitoring 

 

Introduction 

In the last Series, we explored the principles of proximate analysis, focusing on the basic 

nutritional components of food such as moisture, protein, fat, fibre, and carbohydrate. While 

proximate analysis provides a broad overview of food composition, it does not capture the finer 

details of specific nutrients or the presence of harmful substances. In real-world food systems, it 

is equally important to determine the precise levels of constituents such as vitamins and minerals, 

as well as to detect contaminants that may compromise food safety. This Series therefore builds 

on the foundation laid earlier, guiding you into more advanced analytical techniques that are 

crucial for both nutrition and public health. 

The aim of this Series is to equip you with the knowledge and skills to analyse food constituents 

in detail and to detect contaminants using appropriate laboratory methods. By the end of this 

Series, you should be able to apply analytical tools to evaluate food quality, ensure safety, and 

interpret results in line with regulatory standards. 

We shall commence this Series by examining the determination of major food constituents, 

including proteins, lipids, carbohydrates, vitamins, and minerals. Next, we will move on to the 

detection of food contaminants, considering chemical, biological, and physical hazards. Following 

that, we will explore analytical tools such as chromatographic and spectroscopic techniques, 

alongside principles of quality assurance. Finally, we will wrap up by discussing applications in 

food safety and regulation, highlighting national and international standards and reviewing case 

studies in food quality monitoring. This structured journey will provide you with a comprehensive 

understanding of how food constituents and contaminants are scientifically assessed. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 2.1 define the major food constituents and explain their nutritional significance, 

SLO 2.2 demonstrate methods for determining proteins, lipids, carbohydrates, vitamins, and 

minerals in food samples, 

SLO 2.3 identify common chemical, biological, and physical contaminants in food, 

SLO 2.4 apply appropriate analytical techniques to detect and measure food contaminants, 

SLO 2.5 analyse the use of chromatographic and spectroscopic tools in food analysis, 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

SLO 2.6 evaluate the importance of good laboratory practices and quality assurance in food 

analysis, and 

SLO 2.7 explain the role of food constituent and contaminant analysis in food safety regulation, 

including national and international standards. 

 

2.1 Determination of Major Food Constituents 

2.1.1 Protein determination methods 

Protein is a macronutrient composed of amino acids, which are essential for growth, repair, and 

maintenance of body tissues. In food chemistry, protein determination is crucial for nutritional 

labelling and quality assurance. The most widely used method is the Kjeldahl method, which 

estimates nitrogen content and converts it to protein using a factor, usually 6.25. This method 

involves digestion with sulphuric acid, distillation to release ammonia, and titration to measure 

nitrogen. 

Modern alternatives include the Dumas combustion method, which burns the sample at high 

temperatures and measures nitrogen gas released. This method is faster and more automated but 

requires specialised equipment. Both methods provide reliable estimates, though they differ in 

cost, speed, and precision. 

Fill in the blank: The factor commonly used to convert nitrogen content to protein is ______. 
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Figure 2.1 Steps in the Kjeldahl method for protein determination 

2.1.2 Lipid determination and characterisation 

Lipids are organic compounds that include fats and oils, serving as concentrated sources of energy 

and carriers of fat-soluble vitamins. Their determination is important for assessing food quality 

and nutritional value. The most common method is Soxhlet extraction, where food samples are 

continuously washed with a solvent such as petroleum ether to dissolve fat. The solvent is then 

evaporated, leaving behind crude fat for weighing. 

Characterisation of lipids may involve measuring their saponification value, iodine value, or acid 

value, which provide information about fatty acid composition and stability. These indices help 

determine whether fats are suitable for consumption or industrial use. 

Fill in the blank: The apparatus commonly used for crude fat extraction is the ______ extractor. 

 

 

Plate 2.1 Soxhlet apparatus for lipid determination 
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2.1.3 Carbohydrate determination techniques 

Carbohydrates are organic compounds made up of carbon, hydrogen, and oxygen, and they serve 

as the primary source of energy in human diets. In proximate analysis, carbohydrate is usually 

calculated by difference, subtracting the sum of moisture, ash, protein, fat, and fibre from 100. 

This indirect method provides a quick estimate of carbohydrate content. 

For more specific analysis, techniques such as anthrone method or phenol-sulphuric acid assay 

are used to measure total sugars, while chromatography can separate and quantify individual 

sugars. These methods are particularly useful when studying foods rich in simple sugars or starch. 

Fill in the blank: In proximate analysis, carbohydrate content is usually calculated by ______. 
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Table 2.1 Example calculation of carbohydrate content by difference 

 

2.1.4 Vitamin and mineral analysis 

Vitamins are organic compounds required in small amounts for metabolic functions, while 

minerals are inorganic elements essential for structural and physiological roles. Their 

determination is more complex than proximate analysis because they occur in trace amounts. 

Vitamin analysis often uses spectrophotometric methods or chromatography. For example, 

vitamin C can be determined by titration with iodine or by UV-Vis spectrophotometry. Fat-soluble 

vitamins such as A, D, E, and K are commonly analysed using high-performance liquid 

chromatography (HPLC). 

Mineral analysis typically involves atomic absorption spectroscopy (AAS) or inductively 

coupled plasma (ICP) techniques, which provide precise measurements of elements such as 

calcium, iron, and zinc. These methods are essential for ensuring that foods meet nutritional 

standards and regulatory requirements. 

Fill in the blank: The instrument commonly used to measure mineral elements such as calcium and 

iron is ______ spectroscopy. 
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Figure 2.2 Atomic absorption spectroscopy for mineral determination 

Pilot questions 2.1 

1. What factor is commonly used to convert nitrogen content to protein? 

2. Which apparatus is widely used for crude fat extraction in food chemistry? 

3. How is carbohydrate content usually calculated in proximate analysis? 

4. Which method can be used to determine vitamin C in food samples? 

5. What spectroscopy technique is commonly applied to measure mineral elements such as 

calcium and iron? 

 

2.2 Detection of Food Contaminants 

2.2.1 Chemical contaminants 

Chemical contaminants are unwanted substances in food that may arise from agricultural 

practices, industrial processes, or deliberate adulteration. Examples include pesticide residues, 

heavy metals such as lead and mercury, and food additives used beyond permissible limits. These 

contaminants pose serious health risks, ranging from acute poisoning to long-term effects such as 

cancer or organ damage. 

Detection methods vary depending on the contaminant. Chromatographic techniques such as 

gas chromatography (GC) and high-performance liquid chromatography (HPLC) are widely used 

to identify pesticide residues. Atomic absorption spectroscopy (AAS) and inductively coupled 
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plasma (ICP) are employed to measure heavy metals. Food additives are often monitored using 

spectrophotometric methods to ensure compliance with regulatory standards. 

Fill in the blank: The instrument commonly used to measure heavy metals such as lead and 

mercury in food is ______ spectroscopy. 

Figure 2.3 Gas chromatography for pesticide residue analysis 

2.2.2 Biological contaminants 

Biological contaminants include microorganisms such as bacteria, fungi, viruses, and parasites, 

as well as toxins produced by them. Common examples are Salmonella, Escherichia coli, and 

aflatoxins from moulds. These contaminants are major causes of foodborne illnesses, which can 

lead to diarrhoea, fever, and in severe cases, death. 

Detection methods include culture techniques, where microorganisms are grown on selective 

media, and rapid immunological assays, which use antibodies to detect specific pathogens. 

Molecular methods such as polymerase chain reaction (PCR) provide highly sensitive and 

specific identification of microbial contaminants. 

Fill in the blank: The molecular technique commonly used to detect microbial DNA in food 

samples is ______. 
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Plate 2.2 Culture plates for detection of biological contaminants 

 

2.2.3 Physical contaminants 

Physical contaminants are foreign objects that accidentally enter food during processing, 

handling, or packaging. Examples include glass fragments, metal shavings, plastic pieces, and 
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stones. While they may not always cause chemical or biological harm, they pose serious safety 

risks such as choking, injury, or damage to teeth. 

Detection methods often rely on visual inspection, metal detectors, and X-ray scanning systems. 

These technologies are widely used in food industries to ensure that products are free from harmful 

foreign matter before reaching consumers. 

Fill in the blank: The technology commonly used in food industries to detect metallic foreign 

objects is the ______ detector. 

 

Pilot questions 2.2 

1. What term refers to unwanted substances in food that may arise from agricultural or 

industrial sources? 

2. Which spectroscopy technique is commonly used to measure heavy metals in food? 

3. Name one microorganism that is considered a biological contaminant in food. 

4. What molecular method is widely used to detect microbial DNA in food samples? 

5. Which technology is commonly applied in food industries to detect metallic foreign 

objects? 

 

2.3 Analytical Tools and Quality Assurance 

2.3.1 Chromatographic techniques 

Chromatography is an analytical technique used to separate, identify, and quantify components 

in a mixture. In food chemistry, it is widely applied to detect nutrients, additives, and contaminants. 

The two most common forms are gas chromatography (GC), which separates volatile 

compounds, and high-performance liquid chromatography (HPLC), which separates non-

volatile compounds such as vitamins, amino acids, and sugars. 

GC works by vaporising the sample and passing it through a column with a stationary phase, while 

HPLC pumps liquid samples under high pressure through a column packed with fine particles. 

Both techniques provide high sensitivity and accuracy, making them indispensable in food 

analysis. 

Fill in the blank: The chromatographic technique commonly used to separate non-volatile 

compounds such as vitamins is ______. 
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Figure 2.4 High-performance liquid chromatography setup for food analysis 

 

2.3.2 Spectroscopic methods 

Spectroscopy refers to techniques that measure the interaction of light with matter to determine 

the composition of substances. In food chemistry, spectroscopy is used to analyse nutrients and 

contaminants with precision. Common methods include UV-Vis spectroscopy, which measures 

absorbance of ultraviolet or visible light, infrared (IR) spectroscopy, which identifies functional 

groups in organic compounds, and atomic absorption spectroscopy (AAS), which quantifies 

mineral elements such as calcium, iron, and zinc. 

These methods are valued for their speed and accuracy. For example, UV-Vis spectroscopy can 

be used to determine vitamin C concentration, while AAS is widely applied in detecting heavy 

metals in food samples. 

Fill in the blank: The spectroscopy technique commonly used to measure mineral elements in food 

is ______. 

2.3.3 Good laboratory practices and validation of results 

Good Laboratory Practices (GLP) are a set of principles that ensure the reliability, consistency, 

and integrity of laboratory work. In food analysis, GLP involves proper documentation, calibration 

of instruments, use of validated methods, and adherence to safety protocols. GLP is essential for 

producing results that are credible and acceptable to regulatory authorities. 

Validation of results refers to the process of confirming that analytical methods produce accurate 

and reproducible outcomes. This includes checking parameters such as precision, accuracy, 

sensitivity, and specificity. Without validation, results may be misleading, leading to incorrect 

conclusions about food quality or safety. 
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Fill in the blank: The process of confirming that analytical methods produce accurate and 

reproducible outcomes is called ______. 

Box 2.1 Principles of good laboratory practices in food analysis 

Pilot questions 2.3 

1. Which chromatographic technique is commonly used to separate non-volatile compounds 

such as vitamins? 

2. What spectroscopy method is widely applied to measure mineral elements in food? 

3. What term refers to the set of principles that ensure reliability and integrity of laboratory 

work? 

4. What is the process of confirming that analytical methods produce accurate and 

reproducible outcomes called? 

5. Why are chromatographic and spectroscopic techniques considered indispensable in food 

analysis? 

 

2.4 Applications in Food Safety and Regulation 

2.4.1 Role of constituent and contaminant analysis in food safety 

Food safety depends on accurate determination of both food constituents (nutrients such as 

proteins, fats, carbohydrates, vitamins, and minerals) and contaminants (unwanted substances 

such as pesticides, heavy metals, and microorganisms). Constituent analysis ensures that foods 
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meet nutritional requirements, while contaminant detection protects consumers from health 

hazards. Together, these analyses form the backbone of food safety systems worldwide. 

For example, measuring protein and fat levels in infant formula ensures compliance with 

nutritional standards, while testing for aflatoxins in grains prevents exposure to carcinogenic 

compounds. These applications highlight the dual importance of nutrient assurance and 

contaminant control in safeguarding public health. 

Fill in the blank: Testing for aflatoxins in grains is an example of ______ detection in food safety. 

Figure 2.5 Relationship between food analysis and food safety 

2.4.2 National and international standards 

Food standards are regulations and guidelines established to ensure that food products are safe, 

nutritious, and of acceptable quality. At the national level, agencies such as the National Agency 

for Food and Drug Administration and Control (NAFDAC) in Nigeria or the Food Standards 

Agency (FSA) in the United Kingdom oversee compliance. Internationally, the Codex 

Alimentarius Commission, jointly run by the FAO and WHO, sets harmonised standards that 

guide global trade and protect consumers. 

These standards specify permissible limits for contaminants, minimum nutrient levels, and 

labelling requirements. For instance, Codex standards define maximum residue limits for 

pesticides, while national agencies enforce rules on food fortification and packaging. Compliance 

with these standards is essential for both domestic food safety and international market access. 

Fill in the blank: The international body jointly run by FAO and WHO that sets harmonised food 

standards is the ______ Commission. 
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Table 2.2 Examples of national and international food safety agencies 

 

2.4.3 Case studies in food quality monitoring 

Case studies provide practical insights into how food analysis supports safety and regulation. For 

example, routine monitoring of milk for antibiotic residues ensures that contaminated batches are 

withdrawn before reaching consumers. Similarly, testing fish for mercury levels protects 

populations from neurological risks associated with heavy metal exposure. 

Another case is the detection of melamine in infant formula, which led to international recalls and 

stricter regulations on food adulteration. These examples demonstrate how analytical methods, 

combined with regulatory enforcement, prevent crises and build consumer trust in food systems. 

Fill in the blank: Detection of melamine in infant formula is an example of food ______ that 

prompted stricter regulations. 
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Box 2.2 Selected case studies in food quality monitoring 

Pilot questions 2.4 

1. What dual role does constituent and contaminant analysis play in food safety? 

2. Which international body sets harmonised food standards under FAO and WHO? 

3. Give one example of a contaminant that must be tested in grains to ensure food safety. 

4. Why is compliance with national and international food standards important for food 

industries? 

5. Detection of melamine in infant formula is an example of what type of food issue? 

 

Series Summary 

This Series has focused on the detailed analysis of food constituents and contaminants, building 

on the foundation of proximate analysis to provide learners with more advanced skills in food 

chemistry. Its purpose has been to highlight the importance of accurate nutrient determination and 

contaminant detection in ensuring food quality, safety, and compliance with regulatory standards. 

We began by examining methods for determining major food constituents such as proteins, lipids, 

carbohydrates, vitamins, and minerals. Then we explored the detection of chemical, biological, 

and physical contaminants, followed by a study of analytical tools including chromatographic and 

spectroscopic techniques, alongside good laboratory practices and validation of results. Finally, 

we considered applications in food safety and regulation, linking analysis to national and 

international standards and reviewing case studies in food quality monitoring. By completing this 

Series, you should now be able to define and demonstrate methods for constituent analysis, identify 

and apply techniques for contaminant detection, analyse the role of advanced tools in food 
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chemistry, evaluate laboratory practices, and explain how food analysis supports safety and 

regulation, as outlined in the Series Learning Outcomes (SLOs). 

Glossary of Terms 

Atomic absorption spectroscopy (AAS): A spectroscopic method used to measure the 

concentration of mineral elements such as calcium, iron, and zinc in food samples. 

Biological contaminants: Microorganisms or toxins in food, including bacteria, fungi, viruses, 

and parasites, that can cause foodborne illnesses. 

Carbohydrates: Organic compounds made up of carbon, hydrogen, and oxygen that serve as the 

primary source of energy in human diets. 

Chemical contaminants: Unwanted substances in food, such as pesticide residues, heavy metals, 

or excessive additives, that may pose health risks. 

Chromatography: An analytical technique used to separate, identify, and quantify components in 

a mixture, commonly applied in food analysis. 

Codex Alimentarius Commission: An international body jointly run by FAO and WHO that sets 

harmonised food standards to protect consumers and guide global trade. 

Contaminants: Substances or objects in food that are not intended to be present and may 

compromise safety, including chemical, biological, and physical hazards. 

Food standards: Regulations and guidelines established nationally or internationally to ensure 

food products are safe, nutritious, and of acceptable quality. 

Gas chromatography (GC): A chromatographic technique used to separate and analyse volatile 

compounds, such as pesticide residues in food. 

Good Laboratory Practices (GLP): Principles that ensure reliability, consistency, and integrity 

of laboratory work, including documentation, calibration, and safety. 

High-performance liquid chromatography (HPLC): A chromatographic technique used to 

separate and analyse non-volatile compounds such as vitamins, amino acids, and sugars. 

Lipids: Organic compounds that include fats and oils, serving as concentrated sources of energy 

and carriers of fat-soluble vitamins. 

Minerals: Inorganic elements essential for structural and physiological roles in the body, such as 

calcium, potassium, and iron. 

Physical contaminants: Foreign objects such as glass, metal, or plastic fragments that may 

accidentally enter food during processing or packaging. 

Proteins: Macronutrients composed of amino acids, essential for growth, repair, and maintenance 

of body tissues. 
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Spectroscopy: Analytical techniques that measure the interaction of light with matter to determine 

the composition of substances in food. 

Validation of results: The process of confirming that analytical methods produce accurate and 

reproducible outcomes in laboratory analysis. 

Vitamins: Organic compounds required in small amounts for metabolic functions, often analysed 

using spectrophotometric or chromatographic methods. 

 

Concept Check Questions [Series 2] 

Objective Questions 

1. The Kjeldahl method is primarily used to determine which food constituent? (Linked to 

SLO 2.2) 

2. Which chromatographic technique is commonly used to separate non-volatile compounds 

such as vitamins? (Linked to SLO 2.5) 

3. The international body jointly run by FAO and WHO that sets harmonised food standards 

is the ______ Commission. (Linked to SLO 2.7) 

4. What spectroscopy method is widely applied to measure mineral elements such as calcium 

and iron in food? (Linked to SLO 2.5) 

5. The technology commonly used in food industries to detect metallic foreign objects is the 

______ detector. (Linked to SLO 2.4) 

Short-Answer Questions 

6. Define food contaminants and give two examples. (Linked to SLO 2.3) 

7. Explain why validation of results is important in food analysis. (Linked to SLO 2.6) 

8. Describe one limitation of the Kjeldahl method in protein determination. (Linked to SLO 

2.2) 

9. State one reason why compliance with international food standards is important for food 

industries. (Linked to SLO 2.7) 

10. Identify one case study where contaminant detection led to stricter food regulations. 

(Linked to SLO 2.7) 

Long-Answer Questions 

11. Analyse the role of constituent and contaminant analysis in ensuring food safety, giving 

relevant examples. (Linked to SLO 2.1) 

12. Evaluate the differences between gas chromatography and high-performance liquid 

chromatography in food analysis. (Linked to SLO 2.5) 
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13. Demonstrate how good laboratory practices contribute to reliable food analysis results. 

(Linked to SLO 2.6) 

14. Assess the importance of national and international food standards in protecting consumers 

and supporting global trade. (Linked to SLO 2.7) 

Answers to Concept Check Questions [Series 2] 

Objective Questions 

1. Protein. 

2. High-performance liquid chromatography (HPLC). 

3. Codex Alimentarius Commission. 

4. Atomic absorption spectroscopy (AAS). 

5. Metal detector. 

Short-Answer Questions 

6. Food contaminants are unwanted substances or objects in food that compromise safety. 

Examples include pesticide residues (chemical) and Salmonella (biological). 

7. Validation ensures that analytical methods produce accurate, reproducible, and credible 

results, preventing misleading conclusions. 

8. The Kjeldahl method measures total nitrogen, not just protein nitrogen, so non-protein 

nitrogen compounds may cause overestimation. 

9. Compliance with international standards ensures consumer safety and allows food products 

to access global markets. 

10. Detection of melamine in infant formula led to international recalls and stricter regulations 

on food adulteration. 

Long-Answer Questions 

11. Basic response: Constituent analysis ensures foods meet nutritional requirements, while 

contaminant detection prevents health hazards. For example, protein analysis in infant 

formula ensures adequate nutrition, and aflatoxin detection in grains prevents exposure to 

carcinogens. Value-added response: Beyond these, such analyses support food 

fortification programmes, guide dietary planning, and strengthen consumer trust in food 

systems. They also help governments monitor compliance with safety regulations. 

12. Basic response: Gas chromatography separates volatile compounds such as pesticide 

residues, while HPLC separates non-volatile compounds such as vitamins and amino acids. 

Value-added response: GC is highly effective for environmental contaminants, whereas 

HPLC is versatile for nutrient profiling. Together, they provide complementary insights 

into food composition and safety. 
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13. Basic response: Good laboratory practices ensure reliability through documentation, 

calibration, validated methods, and adherence to safety protocols. Value-added response: 

GLP also supports accreditation, enhances international recognition of results, and builds 

confidence in food industry audits and regulatory inspections. 

14. Basic response: National and international food standards protect consumers by setting 

permissible limits for contaminants and ensuring nutritional adequacy. Value-added 

response: They also facilitate global trade by harmonising regulations, reduce disputes in 

international markets, and promote fair competition among food producers. 

 

Answers to Pilot Questions [Series 2] 

Part 2.1: Determination of Major Food Constituents 

1. 6.25 

2. Soxhlet extractor 

3. Difference method 

4. Titration with iodine or UV-Vis spectrophotometry 

5. Atomic absorption spectroscopy 

Part 2.2: Detection of Food Contaminants 

1. Chemical contaminants 

2. Atomic absorption spectroscopy 

3. Salmonella 

4. Polymerase chain reaction (PCR) 

5. Metal detector 

Part 2.3: Analytical Tools and Quality Assurance 

1. High-performance liquid chromatography (HPLC) 

2. Atomic absorption spectroscopy (AAS) 

3. Good Laboratory Practices (GLP) 

4. Validation 

5. They provide high sensitivity and accuracy, making them indispensable in food analysis 

Part 2.4: Applications in Food Safety and Regulation 

1. Ensuring nutritional adequacy and detecting harmful substances 
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2. Codex Alimentarius Commission 

3. Aflatoxins 

4. To protect consumers and enable access to international markets 

5. Food adulteration 

 

References and Attributions [Series 2] 

This section compiles all references and attributions for Series 2: Determination of Food 

Constituents and Contaminants. It includes suggested open educational resources (OERs), 

illustration prompts, and notes on AI-generated placeholders. The referencing style applied here 

follows APA guidelines for clarity and consistency. 

General References 

• AOAC International. (2019). Official methods of analysis of AOAC International (21st 

ed.). Rockville, MD: AOAC International. 

• Belitz, H. D., Grosch, W., & Schieberle, P. (2009). Food chemistry (4th ed.). Berlin: 

Springer. 

• Nielsen, S. S. (2017). Food analysis laboratory manual (3rd ed.). Cham: Springer. 

• World Health Organization & Food and Agriculture Organization of the United Nations. 

(2020). Codex Alimentarius: International food standards. Rome: FAO/WHO. 

Illustration Attributions 

• Figure 2.1 Steps in the Kjeldahl method for protein determination AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing digestion, distillation, and 

titration steps in the Kjeldahl method.” Suggested OER search string: “Kjeldahl method 

protein determination diagram OER”. 

• Plate 2.1 Soxhlet apparatus for lipid determination AI-generated placeholder. Prompt: 

“Generate an image of a Soxhlet extraction apparatus used for lipid determination in food 

chemistry.” Suggested OER search string: “Soxhlet apparatus lipid determination OER”. 

• Table 2.1 Example calculation of carbohydrate content by difference AI-generated 

placeholder. Prompt: “Generate a table showing proximate values for moisture, ash, 

protein, fat, fibre, and calculation of carbohydrate by difference.” Suggested OER search 

string: “carbohydrate determination by difference food chemistry OER”. 

• Figure 2.2 Atomic absorption spectroscopy for mineral determination AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing atomic absorption 

spectroscopy setup for mineral analysis in food chemistry.” Suggested OER search string: 

“atomic absorption spectroscopy food mineral determination diagram OER”. 
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• Figure 2.3 Gas chromatography for pesticide residue analysis AI-generated placeholder. 

Prompt: “Generate a labelled diagram showing gas chromatography setup for pesticide 

residue detection in food.” Suggested OER search string: “gas chromatography pesticide 

residue detection food OER”. 

• Plate 2.2 Culture plates for detection of biological contaminants AI-generated placeholder. 

Prompt: “Generate an image of culture plates showing microbial colonies used for food 

contaminant detection.” Suggested OER search string: “microbial culture plates food 

contamination detection OER”. 

• Figure 2.4 High-performance liquid chromatography setup for food analysis AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing HPLC setup with sample 

injection, column, and detector for food analysis.” Suggested OER search string: “HPLC 

food analysis diagram OER”. 

• Box 2.1 Principles of good laboratory practices in food analysis AI-generated placeholder. 

Prompt: “Create a text box listing principles of good laboratory practices in food analysis.” 

Suggested OER search string: “good laboratory practices food analysis OER”. 

• Figure 2.5 Relationship between food analysis and food safety AI-generated placeholder. 

Prompt: “Generate a diagram showing how food constituent analysis and contaminant 

detection contribute to food safety.” Suggested OER search string: “food safety analysis 

constituents contaminants diagram OER”. 

• Table 2.2 Examples of national and international food safety agencies AI-generated 

placeholder. Prompt: “Generate a table listing national and international food safety 

agencies and their roles.” Suggested OER search string: “food safety agencies Codex 

Alimentarius NAFDAC FSA FDA OER”. 

• Box 2.2 Selected case studies in food quality monitoring AI-generated placeholder. Prompt: 

“Create a text box summarising case studies in food quality monitoring such as aflatoxin 

in grains, mercury in fish, and melamine in infant formula.” Suggested OER search string: 

“food safety case studies aflatoxin mercury melamine OER”. 
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11. Principles of Proximate Analysis in Food Chemistry 

12. Determination of Food Constituents and Contaminants 

13. Protein Analysis Methods Beyond Kjeldahl 

14. Characterization of Free and Bound Lipids 

15. Sugar Determination Techniques: Lane & Eynon, Munson & Walker, and Dubois Methods 

Part 3.1: Limitations of the Kjeldahl Method 

• Sub-Part 3.1.1: Overview of the Kjeldahl method 

• Sub-Part 3.1.2: Sources of error and non-protein nitrogen interference 

• Sub-Part 3.1.3: Why alternative methods are needed 

Part 3.2: Combustion-Based Methods 

• Sub-Part 3.2.1: Dumas combustion method principles 

• Sub-Part 3.2.2: Advantages and limitations compared to Kjeldahl 

• Sub-Part 3.2.3: Applications in food industries 

Part 3.3: Spectroscopic and Chromatographic Methods 

• Sub-Part 3.3.1: UV-Vis spectroscopy for protein quantification 

• Sub-Part 3.3.2: Infrared spectroscopy and protein functional groups 

• Sub-Part 3.3.3: Chromatographic separation of amino acids and peptides 

Part 3.4: Modern Rapid and Alternative Techniques 

• Sub-Part 3.4.1: Enzymatic and immunoassay methods 

• Sub-Part 3.4.2: Near-infrared spectroscopy (NIR) 

• Sub-Part 3.4.3: Emerging technologies in protein analysis 

 

Introduction 

In the last Series, we examined the determination of food constituents and contaminants, 

highlighting how accurate analysis supports both nutrition and safety. One of the most widely used 

methods for protein determination is the Kjeldahl method, yet it has limitations that make it 

unsuitable for certain applications. Modern food chemistry therefore requires learners to explore 

alternative and advanced techniques that provide faster, more precise, and more versatile results. 

This Series will guide you through those methods, ensuring you gain a deeper understanding of 

protein analysis beyond the traditional approach. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

The aim of this Series is to introduce you to advanced protein analysis methods and to equip you 

with the knowledge and skills to apply combustion-based, spectroscopic, chromatographic, and 

modern rapid techniques in food chemistry. 

We shall commence this Series by considering the limitations of the Kjeldahl method and why 

alternative approaches are necessary. Next, we will move on to combustion-based methods such 

as the Dumas technique, followed by spectroscopic and chromatographic methods that allow 

detailed protein characterisation. Finally, we will wrap up by exploring modern rapid and 

alternative techniques, including enzymatic assays and emerging technologies, to bring the Series 

to a close with a comprehensive view of advanced protein analysis. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 3.1 explain the limitations of the Kjeldahl method and why alternative approaches are 

necessary, 

SLO 3.2 describe the principles of the Dumas combustion method for protein determination, 

SLO 3.3 evaluate the advantages and limitations of combustion-based methods compared to 

Kjeldahl, 

SLO 3.4 demonstrate how spectroscopic techniques such as UV-Vis and infrared can be applied 

to protein analysis, 

SLO 3.5 analyse the use of chromatographic methods in separating and quantifying amino acids 

and peptides, 

SLO 3.6 apply modern rapid techniques such as enzymatic assays and immunoassays in protein 

quantification, 

SLO 3.7 explain the role of near-infrared spectroscopy and emerging technologies in advancing 

protein analysis. 

 

3.1 Limitations of the Kjeldahl Method 

3.1.1 Overview of the Kjeldahl method 

The Kjeldahl method is a classical technique used to determine protein content in food by 

measuring nitrogen. It involves three main steps: digestion of the sample with concentrated 

sulphuric acid to convert nitrogen into ammonium sulphate, distillation to release ammonia, and 

titration to quantify nitrogen. The nitrogen value is then multiplied by a conversion factor, usually 

6.25, to estimate protein content. 
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While this method has been widely adopted for over a century due to its reliability and simplicity, 

it is important to recognise its limitations. These limitations have prompted the development of 

alternative protein analysis methods that are faster, more accurate, and more versatile. 

Fill in the blank: In the Kjeldahl method, nitrogen content is converted to protein using a factor of 

______. 

Figure 3.1 Steps in the Kjeldahl method for protein determination 

3.1.2 Sources of error and non-protein nitrogen interference 

One major limitation of the Kjeldahl method is its inability to distinguish between protein 

nitrogen and non-protein nitrogen (NPN). Non-protein nitrogen refers to nitrogen-containing 

compounds such as urea, nucleic acids, and ammonia that are not part of true proteins. When these 

compounds are present, the method overestimates protein content. 

Additionally, errors may arise during digestion, distillation, or titration. Incomplete digestion can 

lead to underestimation, while contamination or loss of ammonia during distillation can affect 

accuracy. The method also requires careful handling of hazardous chemicals, which increases 

laboratory risks. 

Fill in the blank: Nitrogen-containing compounds such as urea and nucleic acids that are not true 

proteins are called ______. 
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Box 3.1 Common sources of error in the Kjeldahl method 

3.1.3 Why alternative methods are needed 

The limitations of the Kjeldahl method highlight the need for alternative protein analysis 

techniques. Modern food industries require methods that are faster, safer, and capable of 

distinguishing between protein nitrogen and non-protein nitrogen. Techniques such as the Dumas 

combustion method, spectroscopy, and chromatography provide more accurate and detailed 

information about protein composition. 

Furthermore, regulatory agencies and consumers demand precise nutritional labelling. 

Overestimation or underestimation of protein can mislead consumers and affect food quality 

standards. Therefore, exploring advanced methods beyond Kjeldahl is essential for reliable food 

analysis. 

Fill in the blank: The method developed as a faster alternative to Kjeldahl, which measures 

nitrogen gas released during combustion, is the ______ method. 
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Figure 3.2 Comparison of Kjeldahl and Dumas methods 

Pilot questions 3.1 

1. What factor is commonly used to convert nitrogen content to protein in the Kjeldahl 

method? 

2. What term refers to nitrogen-containing compounds such as urea and nucleic acids that are 

not true proteins? 

3. Name one source of error that can occur during the Kjeldahl method. 

4. Which alternative method measures nitrogen gas released during combustion? 

5. Why is it important to explore protein analysis methods beyond Kjeldahl? 

 

3.2 Combustion-Based Methods 

3.2.1 Dumas combustion method principles 
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The Dumas combustion method is a modern technique for protein determination that measures 

nitrogen released during combustion. In this method, the food sample is burned at high 

temperatures in the presence of oxygen, converting nitrogen into nitrogen gas. The gas is then 

measured using a thermal conductivity detector, and the nitrogen content is converted into protein 

using a standard factor. 

Unlike the Kjeldahl method, the Dumas technique does not require hazardous chemicals such as 

sulphuric acid, making it safer and faster. It is also fully automated, which reduces human error 

and increases efficiency in laboratories. 

Fill in the blank: In the Dumas method, nitrogen is measured as ______ gas released during 

combustion. 

Figure 3.3 Principle of the Dumas combustion method for protein determination 

3.2.2 Advantages and limitations compared to Kjeldahl 

The Dumas method offers several advantages over the Kjeldahl method. It is faster, often taking 

only a few minutes per sample, and requires no corrosive chemicals. It is also more 

environmentally friendly and suitable for high-throughput laboratories. 
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However, the method has limitations. It requires expensive equipment and skilled operators, which 

may not be accessible in all laboratories. Like Kjeldahl, it cannot distinguish between protein 

nitrogen and non-protein nitrogen, meaning results may still overestimate true protein content. 

Fill in the blank: One major limitation of both Kjeldahl and Dumas methods is their inability to 

distinguish ______ nitrogen from protein nitrogen. 

Table 3.1 Comparison of Kjeldahl and Dumas methods 

 

3.2.3 Applications in food industries 

The Dumas method is widely applied in food industries where rapid and reliable protein analysis 

is required. It is particularly useful in quality control laboratories for meat, dairy, cereals, and 

processed foods. Automated instruments allow continuous testing of multiple samples, supporting 

large-scale production and regulatory compliance. 

For example, meat processors use the Dumas method to verify protein content in products, while 

dairy industries apply it to ensure nutritional labelling accuracy. Its speed and automation make it 

ideal for industries that require routine testing of many samples. 

Fill in the blank: The Dumas method is especially valuable in food industries that require ______ 

testing of multiple samples. 
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Box 3.2 Selected applications of the Dumas method in food industries 

Pilot questions 3.2 

1. In the Dumas method, nitrogen is measured as what gas released during combustion? 

2. State one advantage of the Dumas method compared to Kjeldahl. 

3. What limitation is shared by both Kjeldahl and Dumas methods? 

4. Name one food industry where the Dumas method is widely applied. 

5. Why is the Dumas method considered more environmentally friendly than Kjeldahl? 

 

3.3 Spectroscopic and Chromatographic Methods 

3.3.1 UV-Vis spectroscopy for protein quantification 

UV-Vis spectroscopy is an analytical technique that measures the absorbance of ultraviolet or 

visible light by a sample. Proteins absorb strongly at 280 nm due to the presence of aromatic amino 

acids such as tryptophan and tyrosine. This property allows UV-Vis spectroscopy to be used for 

rapid protein quantification without the need for complex sample preparation. 
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The method is simple, fast, and non-destructive, making it suitable for routine laboratory analysis. 

However, it requires pure protein solutions, as contaminants can interfere with absorbance 

readings. 

Fill in the blank: Proteins absorb strongly at ______ nm due to the presence of aromatic amino 

acids. 

Figure 3.4 Principle of UV-Vis spectroscopy for protein quantification 

3.3.2 Infrared spectroscopy and protein functional groups 

Infrared (IR) spectroscopy measures the absorption of infrared radiation by molecules, providing 

information about their functional groups. In protein analysis, IR spectroscopy is used to study the 

secondary structure of proteins, such as alpha-helices and beta-sheets, by examining characteristic 

absorption bands in the amide region. 

This technique is valuable for understanding protein folding and stability, which are important in 

food processing and storage. For example, changes in protein structure during heating can be 

monitored using IR spectroscopy. 

Fill in the blank: The region of IR spectra used to study protein secondary structure is called the 

______ region. 
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Figure 3.5 Infrared spectroscopy spectrum showing protein functional groups 

3.3.3 Chromatographic separation of amino acids and peptides 

Chromatography is a technique used to separate, identify, and quantify components in a mixture. 

In protein analysis, chromatography is applied to separate amino acids and peptides after 

hydrolysis of proteins. High-performance liquid chromatography (HPLC) is the most common 

method, offering high resolution and sensitivity. 

Chromatographic separation allows detailed profiling of amino acid composition, which is 

essential for nutritional evaluation of foods. It also supports studies on protein digestibility and 

bioavailability. 

Fill in the blank: The most common chromatographic technique used to separate amino acids and 

peptides is ______. 
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Table 3.2 Applications of chromatography in protein analysis 

 

Pilot questions 3.3 

1. At what wavelength do proteins absorb strongly due to aromatic amino acids? 

2. Which region of the IR spectrum is used to study protein secondary structure? 

3. Name one protein structural feature that can be studied using IR spectroscopy. 

4. What chromatographic technique is most commonly used to separate amino acids and 

peptides? 

5. Why is amino acid profiling important in food protein analysis? 

 

3.4 Modern Rapid and Alternative Techniques 

3.4.1 Enzymatic and immunoassay methods 
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Enzymatic methods use specific enzymes to break down proteins into measurable products, such 

as amino acids or peptides. These methods are highly selective and can provide detailed 

information about protein composition. Immunoassays rely on antibodies that bind to specific 

proteins, allowing detection and quantification even at very low concentrations. Techniques such 

as ELISA (enzyme-linked immunosorbent assay) are widely used in food industries to detect 

allergens and verify protein content. 

These methods are rapid, sensitive, and suitable for routine testing, although they may require 

costly reagents and careful calibration. 

Fill in the blank: The immunoassay technique commonly used to detect allergens in food is called 

______. 

Figure 3.6 Principle of ELISA immunoassay for protein detection 

3.4.2 Near-infrared spectroscopy (NIR) 

Near-infrared spectroscopy (NIR) is a rapid analytical technique that measures the absorption 

of near-infrared light by food samples. It is widely used to estimate protein content without the 

need for chemical reagents. NIR works by detecting vibrations of molecular bonds, particularly 

those involving hydrogen, carbon, and nitrogen. 
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This method is non-destructive, requires minimal sample preparation, and is ideal for large-scale 

industrial applications. However, it relies on calibration models, meaning accuracy depends on the 

quality of reference data used. 

Fill in the blank: Near-infrared spectroscopy estimates protein content by detecting vibrations of 

molecular ______. 

 

 

 

 

Plate 3.1 Near-infrared spectroscopy instrument for rapid protein analysis 
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3.4.3 Emerging technologies in protein analysis 

Emerging technologies are transforming protein analysis by offering faster, more precise, and 

more versatile approaches. Examples include mass spectrometry (MS), which provides detailed 

molecular information about proteins and peptides, and biosensors, which use biological 

recognition elements to detect proteins in real time. Portable devices and lab-on-a-chip systems 

are also being developed to allow on-site testing in food industries. 

These innovations promise to overcome limitations of traditional methods, offering improved 

sensitivity, automation, and integration with digital systems for data management. 

Fill in the blank: The advanced technology that provides detailed molecular information about 

proteins and peptides is ______ spectrometry. 
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Box 3.3 Selected emerging technologies in protein analysis 

Pilot questions 3.4 

1. What immunoassay technique is commonly used to detect allergens in food? 

2. Near-infrared spectroscopy estimates protein content by detecting vibrations of which 

molecular bonds? 

3. Name one advantage of NIR spectroscopy compared to traditional protein analysis 

methods. 

4. Which advanced technology provides detailed molecular information about proteins and 

peptides? 

5. Give one example of an emerging technology that allows on-site protein testing in food 

industries. 

 

Series Summary 

This Series has focused on advanced protein analysis methods, moving beyond the traditional 

Kjeldahl approach to provide learners with a broader and more accurate understanding of protein 

determination in food chemistry. Its purpose has been to highlight the limitations of classical 

techniques and introduce modern alternatives that are faster, safer, and more versatile, ensuring 

learners are well prepared for both laboratory practice and industrial applications. 

We began by examining the limitations of the Kjeldahl method and why alternative approaches 

are necessary. Then we explored combustion-based methods such as the Dumas technique, 
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followed by spectroscopic and chromatographic methods that allow detailed protein quantification 

and structural analysis. Finally, we considered modern rapid and alternative techniques, including 

enzymatic assays, immunoassays, near-infrared spectroscopy, and emerging technologies such as 

mass spectrometry and biosensors. By completing this Series, you should now be able to explain 

the limitations of Kjeldahl, describe and evaluate combustion-based methods, demonstrate the 

application of spectroscopic and chromatographic techniques, apply rapid assays, and explain the 

role of emerging technologies in advancing protein analysis, as outlined in the Series Learning 

Outcomes (SLOs). 

 

Glossary of Terms 

Amide region: The part of the infrared spectrum where proteins show characteristic absorption 

bands, used to study secondary structures such as alpha-helices and beta-sheets. 

Chromatography: A technique used to separate, identify, and quantify components in a mixture. 

In protein analysis, it is applied to separate amino acids and peptides after protein hydrolysis. 

Dumas combustion method: A modern technique for protein determination that measures 

nitrogen gas released during combustion of a food sample. 

ELISA (enzyme-linked immunosorbent assay): An immunoassay method that uses antibodies 

to detect and quantify specific proteins, often applied in allergen testing. 

Enzymatic methods: Analytical techniques that use enzymes to break down proteins into 

measurable products such as amino acids or peptides. 

Immunoassays: Methods that rely on antibodies to detect and measure specific proteins, providing 

high sensitivity even at low concentrations. 

Infrared (IR) spectroscopy: A technique that measures absorption of infrared radiation by 

molecules, used in protein analysis to study functional groups and secondary structures. 

Kjeldahl method: A classical technique for protein determination based on measuring nitrogen 

content in food samples, later converted to protein using a standard factor. 

Mass spectrometry (MS): An advanced analytical technique that provides detailed molecular 

information about proteins and peptides by measuring their mass-to-charge ratios. 

Near-infrared spectroscopy (NIR): A rapid, non-destructive technique that estimates protein 

content by measuring absorption of near-infrared light related to molecular bond vibrations. 

Non-protein nitrogen (NPN): Nitrogen-containing compounds such as urea and nucleic acids that 

are not part of true proteins but can interfere with protein determination methods. 

Protein nitrogen: The portion of nitrogen in food that originates from true proteins, used as the 

basis for calculating protein content. 
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Spectroscopy: A group of analytical techniques that measure the interaction of light with matter 

to determine composition. In protein analysis, it includes UV-Vis, IR, and NIR methods. 

UV-Vis spectroscopy: A technique that measures the absorbance of ultraviolet or visible light by 

proteins, particularly at 280 nm due to aromatic amino acids. 

 

Concept Check Questions [Series 3] 

Objective Questions 

1. The Kjeldahl method estimates protein content by measuring which element? (Linked to 

SLO 3.1) 

2. In the Dumas method, nitrogen is measured as what gas released during combustion? 

(Linked to SLO 3.2) 

3. Proteins absorb strongly at which wavelength in UV-Vis spectroscopy? (Linked to SLO 

3.4) 

4. The region of the IR spectrum used to study protein secondary structure is called the 

______ region. (Linked to SLO 3.4) 

5. Which chromatographic technique is most commonly used to separate amino acids and 

peptides? (Linked to SLO 3.5) 

Short-Answer Questions 

6. Define non-protein nitrogen and explain why it interferes with protein determination. 

(Linked to SLO 3.1) 

7. State one advantage of the Dumas method compared to Kjeldahl. (Linked to SLO 3.3) 

8. Describe one limitation shared by both Kjeldahl and Dumas methods. (Linked to SLO 3.3) 

9. Explain why amino acid profiling is important in food protein analysis. (Linked to SLO 

3.5) 

10. Identify one emerging technology that allows on-site protein testing in food industries. 

(Linked to SLO 3.7) 

Long-Answer Questions 

11. Analyse the limitations of the Kjeldahl method and explain why alternative approaches are 

necessary. (Linked to SLO 3.1) 

12. Evaluate the differences between the Dumas combustion method and the Kjeldahl method 

in terms of speed, safety, and accuracy. (Linked to SLO 3.3) 

13. Demonstrate how spectroscopic techniques such as UV-Vis and IR can be applied to 

protein analysis. (Linked to SLO 3.4) 
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14. Assess the importance of chromatographic separation of amino acids and peptides in 

nutritional evaluation. (Linked to SLO 3.5) 

15. Explain the role of modern rapid techniques such as immunoassays and NIR spectroscopy 

in advancing protein analysis. (Linked to SLO 3.6, SLO 3.7) 

Answers to Concept Check Questions [Series 3] 

Objective Questions 

1. Nitrogen. 

2. Nitrogen gas. 

3. 280 nm. 

4. Amide region. 

5. High-performance liquid chromatography (HPLC). 

Short-Answer Questions 

6. Non-protein nitrogen refers to nitrogen-containing compounds such as urea and nucleic 

acids that are not true proteins. It interferes with protein determination by causing 

overestimation of protein content. 

7. The Dumas method is faster and does not require hazardous chemicals. 

8. Both methods cannot distinguish between protein nitrogen and non-protein nitrogen. 

9. Amino acid profiling is important because it provides detailed information about protein 

quality and nutritional value. 

10. Biosensors are an example of emerging technology that allows on-site protein testing. 

Long-Answer Questions 

11. Basic response: The Kjeldahl method cannot distinguish between protein nitrogen and 

non-protein nitrogen, leading to inaccurate results. It also requires hazardous chemicals 

and is time-consuming. Value-added response: Beyond these limitations, the method is 

unsuitable for modern high-throughput laboratories and does not provide structural 

information about proteins, making alternative approaches essential for food industries. 

12. Basic response: The Dumas method is faster, safer, and more environmentally friendly 

than Kjeldahl, but both share the limitation of not distinguishing non-protein nitrogen. 

Value-added response: In addition, Dumas is fully automated and ideal for industrial 

applications, whereas Kjeldahl remains useful in smaller laboratories due to lower 

equipment costs. 

13. Basic response: UV-Vis spectroscopy measures protein absorbance at 280 nm, while IR 

spectroscopy analyses protein secondary structures through amide bands. Value-added 
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response: These techniques also allow monitoring of protein stability during processing 

and provide insights into structural changes that affect food quality. 

14. Basic response: Chromatographic separation identifies amino acid composition, which is 

essential for evaluating protein quality. Value-added response: It also supports studies on 

digestibility, bioavailability, and compliance with nutritional labelling standards, making 

it critical for food regulation. 

15. Basic response: Immunoassays such as ELISA detect specific proteins with high 

sensitivity, while NIR spectroscopy provides rapid, non-destructive protein estimation. 

Value-added response: Together with emerging technologies like mass spectrometry and 

lab-on-a-chip systems, these methods enhance precision, speed, and accessibility in protein 

analysis, supporting both laboratory and industrial needs. 

 

Answers to Pilot Questions [Series 3] 

Part 3.1: Limitations of the Kjeldahl Method 

1. 6.25 

2. Non-protein nitrogen (NPN) 

3. Incomplete digestion, contamination, or ammonia loss during distillation 

4. Dumas method 

5. To obtain faster, safer, and more accurate protein analysis 

Part 3.2: Combustion-Based Methods 

1. Nitrogen gas 

2. Faster analysis without hazardous chemicals 

3. Inability to distinguish non-protein nitrogen from protein nitrogen 

4. Meat industry (also dairy, cereals, and processed foods) 

5. It avoids corrosive chemicals and is more environmentally friendly 

Part 3.3: Spectroscopic and Chromatographic Methods 

1. 280 nm 

2. Amide region 

3. Alpha-helices or beta-sheets 

4. High-performance liquid chromatography (HPLC) 

5. It provides detailed information about protein quality and nutritional value 
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Part 3.4: Modern Rapid and Alternative Techniques 

1. ELISA (enzyme-linked immunosorbent assay) 

2. Molecular bonds (hydrogen, carbon, nitrogen) 

3. Non-destructive and requires minimal sample preparation 

4. Mass spectrometry 

5. Biosensors or lab-on-a-chip systems 

 

References and Attributions [Series 3] 

This section compiles all references and attributions for Series 3: Protein Analysis Methods Beyond 

Kjeldahl. It includes suggested open educational resources (OERs), illustration prompts, and notes 

on AI-generated placeholders. The referencing style applied here follows APA guidelines for 

clarity and consistency. 

General References 

• AOAC International. (2019). Official methods of analysis of AOAC International (21st 

ed.). Rockville, MD: AOAC International. 

• Belitz, H. D., Grosch, W., & Schieberle, P. (2009). Food chemistry (4th ed.). Berlin: 

Springer. 

• Nielsen, S. S. (2017). Food analysis laboratory manual (3rd ed.). Cham: Springer. 

• World Health Organization & Food and Agriculture Organization of the United Nations. 

(2020). Codex Alimentarius: International food standards. Rome: FAO/WHO. 

Illustration Attributions 

• Figure 3.1 Steps in the Kjeldahl method for protein determination AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing digestion, distillation, and 

titration steps in the Kjeldahl method.” Suggested OER search string: “Kjeldahl method 

protein determination diagram OER”. 

• Box 3.1 Common sources of error in the Kjeldahl method AI-generated placeholder. 

Prompt: “Create a text box listing common sources of error in the Kjeldahl method.” 

Suggested OER search string: “limitations of Kjeldahl method protein analysis OER”. 

• Figure 3.2 Comparison of Kjeldahl and Dumas methods AI-generated placeholder. 

Prompt: “Generate a diagram comparing Kjeldahl and Dumas methods for protein 

determination.” Suggested OER search string: “Kjeldahl vs Dumas protein determination 

diagram OER”. 
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• Figure 3.3 Principle of the Dumas combustion method for protein determination AI-

generated placeholder. Prompt: “Generate a labelled diagram showing combustion, gas 

separation, and detection in the Dumas method.” Suggested OER search string: “Dumas 

combustion method protein determination diagram OER”. 

• Table 3.1 Comparison of Kjeldahl and Dumas methods AI-generated placeholder. Prompt: 

“Generate a table comparing Kjeldahl and Dumas methods in terms of speed, safety, 

accuracy, cost, and chemical use.” Suggested OER search string: “comparison of Kjeldahl 

and Dumas protein determination methods OER”. 

• Box 3.2 Selected applications of the Dumas method in food industries AI-generated 

placeholder. Prompt: “Create a text box listing applications of the Dumas method in food 

industries such as meat, dairy, cereals, and processed foods.” Suggested OER search string: 

“applications of Dumas method food industry protein analysis OER”. 

• Figure 3.4 Principle of UV-Vis spectroscopy for protein quantification AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing UV-Vis spectroscopy setup 

with light source, cuvette, and detector.” Suggested OER search string: “UV-Vis 

spectroscopy protein quantification diagram OER”. 

• Figure 3.5 Infrared spectroscopy spectrum showing protein functional groups AI-

generated placeholder. Prompt: “Generate a labelled IR spectrum highlighting amide I and 

amide II bands for protein analysis.” Suggested OER search string: “IR spectroscopy 

protein secondary structure amide bands OER”. 

• Table 3.2 Applications of chromatography in protein analysis AI-generated placeholder. 

Prompt: “Generate a table listing applications of chromatography in protein analysis such 

as amino acid profiling and peptide separation.” Suggested OER search string: 

“chromatography amino acid peptide separation protein analysis OER”. 

• Figure 3.6 Principle of ELISA immunoassay for protein detection AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing ELISA immunoassay steps 

with antigen-antibody binding and colour change.” Suggested OER search string: “ELISA 

immunoassay protein detection diagram OER”. 

• Plate 3.1 Near-infrared spectroscopy instrument for rapid protein analysis AI-generated 

placeholder. Prompt: “Generate an image of a near-infrared spectroscopy instrument used 

in food protein analysis.” Suggested OER search string: “near infrared spectroscopy 

instrument food protein analysis OER”. 

• Box 3.3 Selected emerging technologies in protein analysis AI-generated placeholder. 

Prompt: “Create a text box listing emerging technologies in protein analysis such as mass 

spectrometry, biosensors, and lab-on-a-chip systems.” Suggested OER search string: 

“emerging technologies protein analysis mass spectrometry biosensors OER”. 
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Course code: FST302 

Course title: Basic Food Chemistry 

Course credit load: 2 units 

List of Series: 

16. Principles of Proximate Analysis in Food Chemistry 

17. Determination of Food Constituents and Contaminants 

18. Protein Analysis Methods Beyond Kjeldahl 

19. Characterization of Free and Bound Lipids 

20. Sugar Determination Techniques: Lane & Eynon, Munson & Walker, and Dubois Methods 

Part 4.1: Introduction to Lipids in Food Systems 

• Sub-Part 4.1.1: Definition and classification of lipids 

• Sub-Part 4.1.2: Distinction between free and bound lipids 

• Sub-Part 4.1.3: Nutritional and functional roles of lipids 

Part 4.2: Methods of Extraction and Separation 

• Sub-Part 4.2.1: Solvent extraction techniques 

• Sub-Part 4.2.2: Mechanical and enzymatic release of bound lipids 

• Sub-Part 4.2.3: Chromatographic separation of lipid fractions 

Part 4.3: Analytical Techniques for Lipid Characterisation 

• Sub-Part 4.3.1: Gravimetric and titrimetric methods 

• Sub-Part 4.3.2: Spectroscopic methods (IR, NMR) 

• Sub-Part 4.3.3: Chromatographic methods (GC, HPLC for fatty acids and triglycerides) 

Part 4.4: Applications in Food Quality and Safety 

• Sub-Part 4.4.1: Lipid oxidation and rancidity monitoring 

• Sub-Part 4.4.2: Role of lipid analysis in nutritional labelling 

• Sub-Part 4.4.3: Case studies in food industry applications 

 

Introduction 
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Lipids are essential components of food systems, contributing not only to energy supply but also 

to flavour, texture, and nutritional quality. They exist in different forms, with some readily 

available as free lipids and others bound within complex structures such as cell walls or proteins. 

Understanding how to characterise these lipids is crucial for food chemistry, as it influences 

product quality, shelf life, and compliance with nutritional standards. This Series will guide you 

through the principles and methods used to analyse free and bound lipids, highlighting their 

importance in food science and industry. 

The aim of this Series is to equip you with knowledge and skills to identify, extract, and 

characterise free and bound lipids using appropriate analytical techniques, while also appreciating 

their role in food quality and safety. 

We shall commence this Series by introducing lipids in food systems, defining their types and 

roles. Next, we will move on to methods of extraction and separation, considering solvent 

techniques, enzymatic release, and chromatographic approaches. Following that, we will explore 

analytical techniques for lipid characterisation, including gravimetric, titrimetric, spectroscopic, 

and chromatographic methods. Finally, we will wrap up by examining applications in food quality 

and safety, focusing on lipid oxidation, nutritional labelling, and selected case studies from the 

food industry. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 4.1 define lipids and distinguish between free and bound lipids in food systems, 

SLO 4.2 explain the nutritional and functional roles of lipids in foods, 

SLO 4.3 demonstrate methods of extracting free lipids using solvent techniques, 

SLO 4.4 describe approaches for releasing bound lipids through mechanical and enzymatic 

methods, 

SLO 4.5 apply chromatographic techniques to separate lipid fractions, 

SLO 4.6 analyse lipid characterisation using gravimetric and titrimetric methods, 

SLO 4.7 evaluate the use of spectroscopic techniques such as IR and NMR in lipid analysis, 

SLO 4.8 demonstrate chromatographic methods such as GC and HPLC for fatty acid and 

triglyceride profiling, 

SLO 4.9 explain how lipid oxidation and rancidity are monitored in food quality control, 

SLO 4.10 apply lipid analysis results to nutritional labelling and food safety standards, and 

SLO 4.11 assess case studies that illustrate the role of lipid characterisation in food industry 

applications. 
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4.1 Introduction to Lipids in Food Systems 

4.1.1 Definition and classification of lipids 

Lipids are a diverse group of organic compounds that are insoluble in water but soluble in non-

polar solvents such as ether, chloroform, and hexane. They include fats, oils, waxes, phospholipids, 

and sterols. Lipids serve as a concentrated source of energy, provide essential fatty acids, and act 

as carriers for fat-soluble vitamins. 

Lipids can be classified into simple lipids (such as triglycerides), compound lipids (such as 

phospholipids and glycolipids), and derived lipids (such as sterols and fatty acids). This 

classification helps in understanding their roles in food systems and their nutritional importance. 

Fill in the blank: Lipids are insoluble in ______ but soluble in non-polar solvents such as ether and 

chloroform. 

Figure 4.1 Classification of lipids in food systems 

4.1.2 Distinction between free and bound lipids 

Free lipids are those that exist independently in food matrices, such as oils in seeds or fats in meat. 

They can be extracted easily using solvents. Bound lipids, on the other hand, are associated with 

proteins, carbohydrates, or cell structures, making them more difficult to release. Bound lipids 

often require enzymatic or mechanical methods for extraction. 

Understanding the distinction between free and bound lipids is important because it influences the 

choice of analytical methods and the accuracy of lipid quantification. 

Fill in the blank: Lipids that are associated with proteins or cell structures and require special 

methods for release are called ______ lipids. 
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Plate 4.1 Examples of free and bound lipids in food systems 

 

4.1.3 Nutritional and functional roles of lipids 

Lipids play vital roles in food systems. Nutritionally, they provide energy, supply essential fatty 

acids, and aid in the absorption of fat-soluble vitamins (A, D, E, and K). Functionally, they 

contribute to flavour, texture, and mouthfeel in foods. Lipids also influence shelf life, as they are 

prone to oxidation, which can lead to rancidity. 

In food processing, lipids are used to improve product stability, act as emulsifiers, and enhance 

sensory qualities. Their dual role as nutrients and functional components makes lipid analysis 

critical in food chemistry. 

Fill in the blank: Lipids aid in the absorption of fat-soluble vitamins such as A, D, E, and ______. 
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Box 4.1 Nutritional and functional roles of lipids 

Pilot questions 4.1 

1. What property makes lipids insoluble in water but soluble in non-polar solvents? 

2. Into which three categories can lipids be classified? 

3. What term refers to lipids that are associated with proteins or cell structures? 

4. Name one nutritional role of lipids in food systems. 

5. Which fat-soluble vitamins depend on lipids for absorption? 

 

4.2 Methods of Extraction and Separation 

4.2.1 Solvent extraction techniques 

Solvent extraction is one of the most common methods used to isolate lipids from food matrices. 

It involves dissolving lipids in organic solvents such as hexane, chloroform, or ether, which 

selectively solubilise fats and oils while leaving behind proteins and carbohydrates. The extracted 

lipids can then be recovered by evaporating the solvent. 

This method is widely used because of its simplicity and effectiveness, especially for free lipids. 

However, it requires careful handling due to the flammability and toxicity of organic solvents. 

Fill in the blank: Lipids are commonly extracted using organic solvents such as ______, 

chloroform, or ether. 
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Figure 4.2 Solvent extraction process for isolating lipids 

4.2.2 Mechanical and enzymatic release of bound lipids 

Bound lipids are those associated with proteins, carbohydrates, or cell structures, making them 

more difficult to extract. Mechanical methods such as grinding, pressing, or homogenisation can 

disrupt cell walls and release lipids. Enzymatic methods use enzymes like lipases or proteases to 

break down the bonds between lipids and other macromolecules, freeing them for analysis. 

These approaches are particularly important when studying foods such as cereals, legumes, or 

processed products where lipids are not readily available in free form. 

Fill in the blank: Enzymes such as ______ are used to break down bonds between lipids and 

proteins or carbohydrates. 
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Plate 4.2 Mechanical and enzymatic release of bound lipids 

 

4.2.3 Chromatographic separation of lipid fractions 

Chromatography is a powerful technique used to separate lipid fractions based on their chemical 

properties. Thin-layer chromatography (TLC) can separate different classes of lipids such as 

triglycerides, phospholipids, and sterols. High-performance liquid chromatography (HPLC) and 

gas chromatography (GC) are used for more detailed analysis, such as profiling fatty acids and 

triglycerides. 

Chromatographic separation provides high resolution and sensitivity, making it essential for 

nutritional evaluation and food quality control. 

Fill in the blank: Thin-layer chromatography can separate lipid classes such as triglycerides, 

phospholipids, and ______. 
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Table 4.1 Chromatographic techniques for lipid separation 

 

Pilot questions 4.2 

1. Name one organic solvent commonly used in lipid extraction. 

2. Which type of lipids require mechanical or enzymatic methods for release? 

3. Give one example of an enzyme used to release bound lipids. 

4. Which chromatographic technique is used to separate lipid classes such as triglycerides 

and phospholipids? 

5. Why is chromatographic separation important in food lipid analysis? 

 

4.3 Analytical Techniques for Lipid Characterisation 

4.3.1 Gravimetric and titrimetric methods 

Gravimetric methods involve weighing lipids after extraction to determine their total content. 

This is one of the simplest approaches, often used in routine food analysis. However, it does not 

provide detailed information about lipid composition. 
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Titrimetric methods rely on chemical reactions to quantify specific lipid components. For 

example, the iodine value measures the degree of unsaturation in fats and oils, while the acid value 

indicates the amount of free fatty acids present. These values are important indicators of lipid 

quality and stability. 

Fill in the blank: The iodine value is used to measure the degree of ______ in fats and oils. 

Figure 4.3 Gravimetric and titrimetric methods for lipid characterisation 

4.3.2 Spectroscopic methods (IR, NMR) 

Spectroscopy refers to analytical techniques that measure the interaction of light or 

electromagnetic radiation with matter. In lipid analysis, infrared (IR) spectroscopy is used to 

identify functional groups and monitor changes in lipid oxidation. Nuclear magnetic resonance 

(NMR) spectroscopy provides detailed structural information about fatty acids and triglycerides, 

including chain length and degree of unsaturation. 

These methods are powerful because they are non-destructive and can provide rapid insights into 

lipid composition and structure. 

Fill in the blank: Nuclear magnetic resonance (NMR) spectroscopy provides detailed structural 

information about ______ acids and triglycerides. 
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Figure 4.4 Spectroscopic methods for lipid characterisation 

4.3.3 Chromatographic methods (GC, HPLC for fatty acids and triglycerides) 

Chromatography is a separation technique that allows detailed profiling of lipid components. 

Gas chromatography (GC) is widely used to analyse fatty acid methyl esters (FAMEs), providing 

information about chain length and degree of unsaturation. High-performance liquid 

chromatography (HPLC) is used to separate triglycerides, phospholipids, and sterols with high 

sensitivity. 

These methods are essential for nutritional evaluation, food labelling, and quality control. They 

allow precise identification and quantification of lipid fractions, supporting both research and 

industry applications. 

Fill in the blank: Gas chromatography is commonly used to analyse fatty acid ______ esters 

(FAMEs). 
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Table 4.2 Chromatographic methods for lipid characterisation 

Pilot questions 4.3 

1. What does the iodine value measure in fats and oils? 

2. Which titrimetric value indicates the amount of free fatty acids present? 

3. Name one spectroscopic method used to study lipid functional groups. 

4. What type of lipid components are analysed using gas chromatography? 

5. Why are chromatographic methods important in food lipid analysis? 

 

4.4 Applications in Food Quality and Safety 

4.4.1 Lipid oxidation and rancidity monitoring 

Lipid oxidation refers to the chemical reaction where unsaturated fatty acids react with oxygen, 

producing off-flavours, odours, and potentially harmful compounds. This process leads to 

rancidity, which is the deterioration of fats and oils in foods. Monitoring lipid oxidation is 

essential for ensuring product quality and extending shelf life. 

Common indicators include peroxide value, thiobarbituric acid (TBA) value, and anisidine value, 

which measure different stages of oxidation. These values help food scientists assess the stability 

of lipids and predict storage behaviour. 
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Fill in the blank: The deterioration of fats and oils due to oxidation, resulting in off-flavours and 

odours, is called ______. 

Figure 4.5 Stages of lipid oxidation and rancidity in food systems 

4.4.2 Role of lipid analysis in nutritional labelling 

Accurate nutritional labelling requires precise measurement of lipid content and composition. 

Lipid analysis provides information on total fat, saturated fat, trans fats, and essential fatty acids, 

which are critical for consumer health and regulatory compliance. 

Food manufacturers rely on analytical techniques such as chromatography and spectroscopy to 

ensure that labels reflect true nutritional values. This transparency helps consumers make informed 

dietary choices and supports international food standards. 

Fill in the blank: Nutritional labelling requires accurate measurement of lipid content, including 

total fat, saturated fat, and ______ fats. 
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Table 4.3 Lipid components required for nutritional labelling 

 

4.4.3 Case studies in food industry applications 

Lipid characterisation plays a vital role in food industry applications. For example, in dairy 

products, monitoring lipid oxidation ensures flavour stability. In meat processing, lipid profiling 

helps maintain product quality and safety. In bakery products, lipid analysis supports texture and 

shelf life optimisation. 

Case studies highlight how lipid analysis is applied in real-world contexts, demonstrating its 

importance in maintaining consumer trust and meeting regulatory standards. 

Fill in the blank: In bakery products, lipid analysis is important for optimising ______ and shelf 

life. 
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Box 4.4 Selected case studies of lipid analysis in food industries 

Pilot questions 4.4 

1. What is the term used to describe the deterioration of fats and oils due to oxidation? 

2. Name one indicator used to monitor lipid oxidation. 

3. Which lipid components must be measured for accurate nutritional labelling? 

4. Give one example of how lipid analysis is applied in the dairy industry. 

5. Why is lipid analysis important for bakery products? 

 

Series Summary 

This Series has explored the characterisation of free and bound lipids, emphasising their 

importance in food chemistry, nutrition, and industry applications. Its purpose has been to provide 

learners with the knowledge and skills needed to identify, extract, and analyse lipids, while 

appreciating their role in food quality and safety. 

We began by introducing lipids in food systems, defining their types and distinguishing between 

free and bound forms. Then we examined methods of extraction and separation, including solvent 

techniques, mechanical release, enzymatic approaches, and chromatographic fractionation. 

Following that, we studied analytical techniques such as gravimetric, titrimetric, spectroscopic, 

and chromatographic methods for lipid characterisation. Finally, we considered practical 
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applications in food quality and safety, focusing on lipid oxidation monitoring, nutritional 

labelling, and industry case studies. By completing this Series, you should now be able to define 

and explain lipid types, demonstrate extraction methods, apply analytical techniques, and evaluate 

their applications in food systems, as outlined in the Series Learning Outcomes (SLOs). 

 

 

Glossary of Terms 

Acid value: A measure of the amount of free fatty acids present in fats and oils, used as an indicator 

of lipid quality. 

Bound lipids: Lipids that are associated with proteins, carbohydrates, or cell structures, requiring 

mechanical or enzymatic methods for release. 

Chromatography: A separation technique used to identify and quantify lipid fractions such as 

fatty acids, triglycerides, phospholipids, and sterols. 

Essential fatty acids: Fatty acids that the body cannot produce and must obtain from food, 

important for health and nutrition. 

Free lipids: Lipids that exist independently in food matrices, such as oils in seeds or fats in meat, 

and can be easily extracted with solvents. 

Gas chromatography (GC): A chromatographic method used to analyse fatty acid methyl esters 

(FAMEs), providing detailed information about fatty acid composition. 

Gravimetric method: A technique that measures total lipid content by weighing extracted lipids. 

High-performance liquid chromatography (HPLC): A chromatographic method used to 

separate and analyse triglycerides, phospholipids, and sterols with high sensitivity. 

Iodine value: A titrimetric measure of the degree of unsaturation in fats and oils. 

Lipid oxidation: A chemical reaction where unsaturated fatty acids react with oxygen, leading to 

rancidity and deterioration of food quality. 

Nuclear magnetic resonance (NMR) spectroscopy: A spectroscopic technique that provides 

detailed structural information about fatty acids and triglycerides. 

Nutritional labelling: The process of providing accurate information on food packaging about 

lipid content, including total fat, saturated fat, trans fats, and essential fatty acids. 

Peroxide value: An indicator of the early stages of lipid oxidation, measuring the amount of 

peroxides formed. 

Rancidity: The deterioration of fats and oils due to oxidation, resulting in unpleasant flavours and 

odours. 
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Solvent extraction: A method of isolating lipids from food using organic solvents such as hexane, 

chloroform, or ether. 

Spectroscopy: Analytical techniques that measure the interaction of light or electromagnetic 

radiation with matter, used to study lipid composition and structure. 

Thin-layer chromatography (TLC): A simple chromatographic method used to separate lipid 

classes such as triglycerides, phospholipids, and sterols. 

Titrimetric method: A chemical analysis technique that measures specific lipid properties, such 

as unsaturation or free fatty acid content, through titration reactions. 

Concept Check Questions [Series 4] 

Objective Questions 

1. Lipids are insoluble in water but soluble in ______ solvents such as ether and chloroform. 

(Linked to SLO 4.1) 

2. Which type of lipids are associated with proteins or cell structures and require special 

methods for release? (Linked to SLO 4.1) 

3. The iodine value is a titrimetric measure of the degree of ______ in fats and oils. (Linked 

to SLO 4.6) 

4. Gas chromatography is commonly used to analyse fatty acid ______ esters (FAMEs). 

(Linked to SLO 4.8) 

5. The deterioration of fats and oils due to oxidation, resulting in off-flavours and odours, is 

called ______. (Linked to SLO 4.9) 

Short-Answer Questions 

6. Define free lipids and give one example. (Linked to SLO 4.1) 

7. State one advantage of solvent extraction in lipid analysis. (Linked to SLO 4.3) 

8. Identify one enzyme used to release bound lipids. (Linked to SLO 4.4) 

9. Explain why nutritional labelling requires accurate lipid analysis. (Linked to SLO 4.10) 

10. Give one example of how lipid analysis is applied in the bakery industry. (Linked to SLO 

4.11) 

Long-Answer Questions 

11. Analyse the distinction between free and bound lipids and explain why this matters in food 

analysis. (Linked to SLO 4.1, SLO 4.4) 

12. Evaluate solvent extraction, mechanical release, and enzymatic methods for lipid 

extraction in terms of effectiveness and limitations. (Linked to SLO 4.3, SLO 4.4) 
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13. Demonstrate how spectroscopic techniques such as IR and NMR can be applied to lipid 

characterisation. (Linked to SLO 4.7) 

14. Assess the importance of chromatographic methods (GC and HPLC) in nutritional 

evaluation and food quality control. (Linked to SLO 4.8) 

15. Explain the role of lipid oxidation monitoring in food safety and shelf life management. 

(Linked to SLO 4.9, SLO 4.11) 

Answers to Concept Check Questions [Series 4] 

Objective Questions 

1. Non-polar solvents. 

2. Bound lipids. 

3. Unsaturation. 

4. Methyl. 

5. Rancidity. 

Short-Answer Questions 

6. Free lipids are lipids that exist independently in food matrices, such as oils in seeds. 

7. Solvent extraction is simple, effective, and widely applicable for free lipids. 

8. Lipases are commonly used to release bound lipids. 

9. Nutritional labelling requires accurate lipid analysis to ensure compliance with food 

standards and consumer health. 

10. In bakery products, lipid analysis helps optimise texture and shelf life. 

Long-Answer Questions 

11. Basic response: Free lipids are easily extractable, while bound lipids are linked to proteins 

or cell structures. This distinction matters because it affects extraction methods and 

accuracy of lipid quantification. Value-added response: Beyond extraction, the 

distinction influences nutritional evaluation, as bound lipids may contribute differently to 

digestibility and bioavailability compared to free lipids. 

12. Basic response: Solvent extraction is effective for free lipids, mechanical methods disrupt 

cell walls, and enzymatic methods break down bonds. Each has limitations such as solvent 

toxicity or cost of enzymes. Value-added response: In practice, combining methods often 

yields better results. For example, mechanical disruption followed by enzymatic treatment 

enhances recovery of bound lipids in cereals and legumes. 

13. Basic response: IR spectroscopy identifies functional groups and monitors oxidation, 

while NMR provides structural details of fatty acids and triglycerides. Value-added 
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response: These techniques also allow monitoring of lipid stability during processing and 

storage, supporting product innovation and quality assurance. 

14. Basic response: GC analyses fatty acid methyl esters, while HPLC separates triglycerides 

and sterols. Both are essential for nutritional evaluation and labelling. Value-added 

response: Chromatographic methods also support regulatory compliance and research into 

lipid metabolism, making them indispensable in both industry and academia. 

15. Basic response: Lipid oxidation monitoring helps detect rancidity and maintain food safety 

and shelf life. Value-added response: Monitoring also informs packaging design, storage 

conditions, and antioxidant use, ensuring consumer trust and reducing food waste. 

 

 

 

Answers to Pilot Questions [Series 4] 

Part 4.1: Introduction to Lipids in Food Systems 

1. Non-polar solvents. 

2. Simple, compound, and derived lipids. 

3. Bound lipids. 

4. Energy supply. 

5. Vitamin K. 

Part 4.2: Methods of Extraction and Separation 

1. Hexane. 

2. Bound lipids. 

3. Lipases. 

4. Thin-layer chromatography (TLC). 

5. It provides high resolution and sensitivity for lipid profiling. 

Part 4.3: Analytical Techniques for Lipid Characterisation 

1. Unsaturation. 

2. Acid value. 

3. Infrared (IR) spectroscopy. 

4. Fatty acid methyl esters (FAMEs). 
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5. They allow precise identification and quantification of lipid fractions. 

Part 4.4: Applications in Food Quality and Safety 

1. Rancidity. 

2. Peroxide value. 

3. Total fat, saturated fat, trans fats, and essential fatty acids. 

4. Monitoring lipid oxidation to ensure flavour stability. 

5. Optimising texture and shelf life. 

 

References and Attributions [Series 4] 

This section compiles references and attributions for Series 4: Characterisation of Free and Bound 

Lipids. It includes suggested open educational resources (OERs), illustration prompts, and notes 

on AI-generated placeholders. The referencing style applied here follows APA guidelines for 

clarity and consistency. 

General References 

• Belitz, H. D., Grosch, W., & Schieberle, P. (2009). Food chemistry (4th ed.). Berlin: 

Springer. 

• Gunstone, F. D. (2002). Lipid analysis (3rd ed.). Cambridge: The Royal Society of 

Chemistry. 

• Nielsen, S. S. (2017). Food analysis laboratory manual (3rd ed.). Cham: Springer. 

• World Health Organization & Food and Agriculture Organization of the United Nations. 

(2020). Codex Alimentarius: International food standards. Rome: FAO/WHO. 

Illustration Attributions 

• Figure 4.1 Classification of lipids in food systems AI-generated placeholder. Prompt: 

“Generate a labelled diagram showing classification of lipids into simple, compound, and 

derived categories.” Suggested OER search string: “classification of lipids diagram food 

chemistry OER”. 

• Plate 4.1 Examples of free and bound lipids in food systems AI-generated placeholder. 

Prompt: “Generate an image showing free lipids as oil droplets and bound lipids within 

cell structures.” Suggested OER search string: “free vs bound lipids food chemistry OER”. 

• Box 4.1 Nutritional and functional roles of lipids AI-generated placeholder. Prompt: 

“Create a text box listing nutritional and functional roles of lipids in food systems.” 

Suggested OER search string: “nutritional and functional roles of lipids food chemistry 

OER”. 
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• Figure 4.2 Solvent extraction process for isolating lipids AI-generated placeholder. 

Prompt: “Generate a labelled diagram showing solvent extraction of lipids from food using 

organic solvents.” Suggested OER search string: “solvent extraction of lipids food 

chemistry diagram OER”. 

• Plate 4.2 Mechanical and enzymatic release of bound lipids AI-generated placeholder. 

Prompt: “Generate an image showing oil extraction by pressing and enzymatic release of 

bound lipids.” Suggested OER search string: “mechanical enzymatic lipid extraction food 

chemistry OER”. 

• Table 4.1 Chromatographic techniques for lipid separation AI-generated placeholder. 

Prompt: “Generate a table comparing TLC, HPLC, and GC for lipid separation and 

analysis.” Suggested OER search string: “chromatography lipid separation TLC HPLC GC 

OER”. 

• Figure 4.3 Gravimetric and titrimetric methods for lipid characterisation AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing gravimetric lipid 

determination and titrimetric iodine value test.” Suggested OER search string: “gravimetric 

titrimetric lipid analysis food chemistry diagram OER”. 

• Figure 4.4 Spectroscopic methods for lipid characterisation AI-generated placeholder. 

Prompt: “Generate a labelled diagram showing IR spectrum of lipids and NMR spectrum 

of fatty acids.” Suggested OER search string: “IR NMR spectroscopy lipid analysis 

diagram OER”. 

• Table 4.2 Chromatographic methods for lipid characterisation AI-generated placeholder. 

Prompt: “Generate a table comparing GC and HPLC for lipid characterisation, including 

target lipids and applications.” Suggested OER search string: “GC HPLC lipid analysis 

comparison table OER”. 

• Figure 4.5 Stages of lipid oxidation and rancidity in food systems AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing lipid oxidation stages and 

rancidity development in food.” Suggested OER search string: “lipid oxidation rancidity 

food chemistry diagram OER”. 

• Table 4.3 Lipid components required for nutritional labelling AI-generated placeholder. 

Prompt: “Generate a table listing lipid components required for nutritional labelling such 

as total fat and trans fats.” Suggested OER search string: “nutritional labelling lipid 

components food chemistry OER”. 

• Box 4.4 Selected case studies of lipid analysis in food industries AI-generated placeholder. 

Prompt: “Create a text box listing case studies of lipid analysis applications in dairy, meat, 

and bakery industries.” Suggested OER search string: “case studies lipid analysis food 

industry applications OER”. 
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Course code: FST302 
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25. Sugar Determination Techniques: Lane & Eynon, Munson & Walker, and Dubois Methods 

Part 5.1: Introduction to Sugar Determination in Food Chemistry 

• Sub-Part 5.1.1: Importance of sugar analysis in food systems 

• Sub-Part 5.1.2: Types of sugars commonly analysed (reducing and non-reducing) 

• Sub-Part 5.1.3: Overview of classical and modern sugar determination methods 

Part 5.2: Lane & Eynon Method 

• Sub-Part 5.2.1: Principle of the Lane & Eynon titrimetric method 

• Sub-Part 5.2.2: Procedure and reagents used 

• Sub-Part 5.2.3: Applications and limitations 

Part 5.3: Munson & Walker Method 

• Sub-Part 5.3.1: Principle of the gravimetric approach 

• Sub-Part 5.3.2: Step-by-step procedure 

• Sub-Part 5.3.3: Advantages and disadvantages in food analysis 

Part 5.4: Dubois Method (Phenol-Sulphuric Acid Method) 

• Sub-Part 5.4.1: Principle of colourimetric sugar determination 

• Sub-Part 5.4.2: Procedure and instrumentation 

• Sub-Part 5.4.3: Applications in carbohydrate analysis 

 

Introduction 
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Sugars are among the most important components in food chemistry, influencing sweetness, 

texture, preservation, and nutritional value. Their accurate determination is essential for quality 

control, product formulation, and compliance with food labelling standards. In this Series, we will 

focus on classical sugar determination techniques that remain relevant in both teaching laboratories 

and industrial applications, helping you appreciate their principles, procedures, and practical uses. 

The aim of this Series is to introduce you to three widely recognised methods of sugar 

determination—Lane & Eynon, Munson & Walker, and Dubois—and to equip you with the 

knowledge and skills needed to apply these techniques effectively in food analysis. 

We shall commence this Series by exploring the importance of sugar determination in food 

chemistry and reviewing the types of sugars commonly analysed. Next, we will study the Lane & 

Eynon method, examining its titrimetric principle, procedure, and limitations. Following that, we 

will move on to the Munson & Walker method, focusing on its gravimetric approach and practical 

applications. Finally, we will wrap up with the Dubois method, a colourimetric technique widely 

used in carbohydrate analysis, and consider its role in modern food science. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 5.1 define the importance of sugar determination in food chemistry, 

SLO 5.2 explain the types of sugars commonly analysed in food systems, 

SLO 5.3 describe the principle of the Lane & Eynon titrimetric method, 

SLO 5.4 demonstrate the procedure for applying the Lane & Eynon method in sugar analysis, 

SLO 5.5 evaluate the applications and limitations of the Lane & Eynon method, 

SLO 5.6 explain the principle of the Munson & Walker gravimetric method, 

SLO 5.7 demonstrate the step-by-step procedure of the Munson & Walker method, 

SLO 5.8 assess the advantages and disadvantages of the Munson & Walker method in food 

analysis, 

SLO 5.9 describe the principle of the Dubois colourimetric method, 

SLO 5.10 apply the Dubois method to determine sugar content using phenol-sulphuric acid 

reactions, and 

SLO 5.11 analyse the applications of the Dubois method in carbohydrate analysis. 

 

5.1 Introduction to Sugar Determination in Food Chemistry 
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5.1.1 Importance of sugar analysis in food systems 

Sugar analysis refers to the measurement of sugar content in food and beverages. It is essential 

because sugars influence sweetness, preservation, texture, and nutritional value. Accurate sugar 

determination ensures compliance with food labelling regulations, supports quality control, and 

guides product formulation. For example, in soft drinks, sugar content must be monitored to meet 

consumer expectations and health standards. 

Fill in the blank: Accurate sugar determination is important for food ______ regulations and 

consumer health. 

Figure 5.1 Importance of sugar analysis in food chemistry 

5.1.2 Types of sugars commonly analysed (reducing and non-reducing) 

Reducing sugars are sugars that can donate electrons to other molecules, usually detected by their 

ability to reduce copper(II) ions to copper(I) oxide in chemical tests. Examples include glucose 

and fructose. Non-reducing sugars do not have this property; sucrose is the most common 

example. Distinguishing between reducing and non-reducing sugars is important because different 

analytical methods are used for each type. 

Fill in the blank: Glucose and fructose are examples of ______ sugars, while sucrose is a non-

reducing sugar. 
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Table 5.1 Types of sugars commonly analysed in food chemistry 

5.1.3 Overview of classical and modern sugar determination methods 

Several methods exist for sugar determination. Classical methods include titrimetric approaches 

such as the Lane & Eynon method, gravimetric methods like Munson & Walker, and colourimetric 

methods such as the Dubois phenol-sulphuric acid technique. These methods are widely taught 

because they illustrate fundamental chemical principles. 

Modern methods include high-performance liquid chromatography (HPLC) and enzymatic 

assays, which provide greater accuracy and sensitivity. While modern techniques are increasingly 

used in industry, classical methods remain valuable for educational purposes and for contexts 

where resources are limited. 

Fill in the blank: The Dubois method is a ______ technique used for sugar determination. 
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Box 5.1 Classical and modern sugar determination methods 

Pilot questions 5.1 

1. Why is sugar analysis important in food systems? 

2. Give one example of a reducing sugar and one example of a non-reducing sugar. 

3. Which classical method uses a colourimetric principle for sugar determination? 

4. Name one modern method used for sugar determination. 

5. What property distinguishes reducing sugars from non-reducing sugars? 

 

5.2 Lane & Eynon Method 

5.2.1 Principle of the Lane & Eynon titrimetric method 

The Lane & Eynon method is a classical titrimetric method used for the determination of 

reducing sugars in food samples. A titrimetric method is an analytical technique where the 

concentration of a substance is determined by reacting it with a solution of known concentration 

until the reaction reaches completion. In this method, reducing sugars such as glucose and fructose 

reduce copper(II) ions in an alkaline solution to copper(I) oxide. The endpoint is detected using an 

indicator dye, typically methylene blue, which changes colour once all the copper(II) ions have 

been reduced. 

This principle is widely applied in food chemistry, particularly in the analysis of fruit juices, 

syrups, and confectionery products. 

Fill in the blank: The Lane & Eynon method is used to determine ______ sugars in food samples. 
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Figure 5.2 Principle of the Lane & Eynon titrimetric method 

5.2.2 Procedure and reagents used 

The procedure involves preparing a food sample solution and titrating it against a standard copper 

reagent (Fehling’s solution). The titration is carried out under boiling conditions to ensure 

complete reaction. Methylene blue is added as an indicator, which is decolourised once the 

reducing sugars have reduced all the copper(II) ions present. The volume of sample solution 

required to reach this endpoint is then used to calculate the sugar concentration. 

Key reagents include Fehling’s solution A (copper sulphate), Fehling’s solution B (alkaline 

tartrate), and methylene blue indicator. 

Fill in the blank: In the Lane & Eynon method, the indicator dye used to detect the endpoint is 

______ blue. 

 

 

 

 

 

 

 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

 

 

Plate 5.2 Laboratory setup for Lane & Eynon titration method 

 

5.2.3 Applications and limitations 

The Lane & Eynon method is widely used in the food industry to determine reducing sugar content 

in products such as fruit juices, jams, and syrups. It is valued for its simplicity and relatively low 

cost. However, the method has limitations. It is not suitable for non-reducing sugars such as 

sucrose unless they are first hydrolysed into reducing sugars. Additionally, the boiling step and 

reliance on visual colour change can introduce errors, making the method less precise compared 

to modern instrumental techniques. 
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Fill in the blank: The Lane & Eynon method cannot directly measure non-reducing sugars such as 

______. 

Pilot questions 5.2 

1. What type of sugars does the Lane & Eynon method determine? 

2. Which reagent is used in the titration process of this method? 

3. What indicator dye is used to detect the endpoint? 

4. Name one food product where the Lane & Eynon method is commonly applied. 

5. Why is the Lane & Eynon method unsuitable for non-reducing sugars? 

 

5.3 Munson & Walker Method 

5.3.1 Principle of the gravimetric approach 

The Munson & Walker method is a classical gravimetric method, meaning it determines the 

amount of a substance by measuring its weight after a chemical reaction. In this method, reducing 

sugars are oxidised by copper(II) ions in an alkaline solution, forming copper(I) oxide as a 

precipitate. The precipitate is then dried and weighed, and the mass obtained is used to calculate 

the sugar concentration in the sample. 

This principle is based on the stoichiometric relationship between reducing sugars and the amount 

of copper(I) oxide formed. It is particularly useful for quantifying reducing sugars in foods such 

as milk, fruit juices, and syrups. 

Fill in the blank: In the Munson & Walker method, reducing sugars are oxidised to form a 

precipitate of copper(I) ______. 
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Figure 5.3 Principle of the Munson & Walker gravimetric method 

 

 

5.3.2 Step-by-step procedure 

The procedure begins with preparing the food sample and adding it to a solution containing 

copper(II) ions under alkaline conditions. The mixture is heated, allowing reducing sugars to react 

and form copper(I) oxide. The precipitate is filtered, washed to remove impurities, dried, and 

finally weighed. The weight of copper(I) oxide is then used to calculate the concentration of 

reducing sugars in the sample. 

Key steps include: 

• Preparation of the food sample solution. 

• Reaction with alkaline copper reagent. 

• Heating to promote reduction. 

• Filtration and washing of the precipitate. 

• Drying and weighing of copper(I) oxide. 

Fill in the blank: After filtration and drying, the mass of copper(I) oxide is used to calculate the 

______ concentration. 
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Plate 5.3 Laboratory procedure for Munson & Walker method 
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5.3.3 Advantages and disadvantages in food analysis 

The Munson & Walker method is valued for its simplicity and direct measurement of reducing 

sugars. It does not require complex instrumentation, making it accessible in resource-limited 

settings. However, the method has disadvantages. It is time-consuming, requires careful handling 

of precipitates, and may be less precise compared to modern instrumental techniques. Additionally, 

it is limited to reducing sugars and cannot directly measure non-reducing sugars such as sucrose. 

Fill in the blank: One disadvantage of the Munson & Walker method is that it is ______ compared 

to modern instrumental techniques. 
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Box 5.2 Advantages and disadvantages of the Munson & Walker method 

Pilot questions 5.3 

1. What type of analytical method is the Munson & Walker technique classified as? 

2. Which precipitate is formed when reducing sugars react with copper(II) ions? 

3. What is done to the precipitate before weighing? 

4. Name one food product where the Munson & Walker method can be applied. 

5. State one disadvantage of the Munson & Walker method compared to modern techniques. 

 

5.4 Dubois Method (Phenol-Sulphuric Acid Method) 

5.4.1 Principle of colourimetric sugar determination 

The Dubois method, also known as the phenol-sulphuric acid method, is a classical 

colourimetric method used to determine total carbohydrate content in food samples. A 

colourimetric method is an analytical technique where the concentration of a substance is measured 

based on the intensity of colour produced in a chemical reaction. In this method, carbohydrates 

react with concentrated sulphuric acid to form furfural derivatives, which then react with phenol 

to produce a yellow-orange colour. The intensity of this colour is directly proportional to the 

carbohydrate concentration and can be measured using a spectrophotometer. 

This principle makes the Dubois method highly versatile, as it can detect both reducing and non-

reducing sugars, as well as polysaccharides. 

Fill in the blank: In the Dubois method, carbohydrates react with sulphuric acid and phenol to 

produce a ______ colour. 
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Figure 5.4 Principle of the Dubois phenol-sulphuric acid method 

5.4.2 Procedure and instrumentation 

The procedure begins with preparing a food sample solution containing carbohydrates. Phenol 

solution is added, followed by concentrated sulphuric acid. The mixture is allowed to react, 

producing a coloured solution. The absorbance of this solution is then measured using a 

spectrophotometer at a wavelength of around 490 nm. A calibration curve prepared with standard 

glucose solutions is used to determine the carbohydrate concentration in the sample. 

Key reagents include phenol solution, concentrated sulphuric acid, and glucose standards. The 

main instrument required is a spectrophotometer. 

Fill in the blank: The absorbance of the coloured solution in the Dubois method is measured at 

around ______ nm. 
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Plate 5.4 Laboratory setup for Dubois phenol-sulphuric acid method 

 

5.4.3 Applications in carbohydrate analysis 

The Dubois method is widely used in food chemistry to determine total carbohydrate content in 

products such as cereals, fruits, vegetables, and processed foods. It is particularly useful for 

nutritional labelling, quality control, and research into carbohydrate composition. Its ability to 

measure both simple sugars and complex carbohydrates makes it more versatile than methods 

limited to reducing sugars. 
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However, the method requires careful handling of concentrated sulphuric acid and precise 

measurement of absorbance to ensure accuracy. 

Fill in the blank: The Dubois method is widely used in food chemistry to determine total ______ 

content in food products. 

 

Pilot questions 5.4 

1. What type of analytical method is the Dubois technique classified as? 

2. What colour is produced when carbohydrates react with phenol and sulphuric acid? 

3. At what wavelength is absorbance measured in the Dubois method? 

4. Name one reagent used in the Dubois method. 

5. Give one application of the Dubois method in food carbohydrate analysis. 

 

Series Summary 

This Series has focused on sugar determination techniques, highlighting their importance in food 

chemistry, nutrition, and industry applications. Its purpose has been to equip you with the 

knowledge and skills needed to measure sugar content accurately, ensuring compliance with 

labelling standards, supporting quality control, and guiding product formulation. 

We began by introducing the relevance of sugar analysis and distinguishing between reducing and 

non-reducing sugars, before moving on to classical methods. The Lane & Eynon method was 

explored as a titrimetric approach for reducing sugars, followed by the Munson & Walker method, 

which applies a gravimetric principle to quantify sugar through precipitate measurement. Finally, 

we examined the Dubois method, a colourimetric technique capable of determining both simple 

and complex carbohydrates. By completing this Series, you should now be able to define the 

importance of sugar analysis, explain the principles behind each method, demonstrate their 

procedures, and evaluate their applications and limitations, as outlined in the Series Learning 

Outcomes (SLOs). 

 

Glossary of Terms 

Colourimetric method: An analytical technique where the concentration of a substance is 

measured based on the intensity of colour produced in a chemical reaction. 

Copper(I) oxide: A reddish precipitate formed when reducing sugars react with copper(II) ions in 

alkaline solution, used in gravimetric sugar determination. 
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Dubois method (phenol-sulphuric acid method): A classical colourimetric method for 

determining total carbohydrate content, where carbohydrates react with sulphuric acid and phenol 

to produce a coloured solution measurable by spectrophotometer. 

Fehling’s solution: A standard copper reagent used in titrimetric sugar determination, consisting 

of copper sulphate (solution A) and alkaline tartrate (solution B). 

Gravimetric method: An analytical technique that determines the amount of a substance by 

measuring its weight after a chemical reaction. 

Lane & Eynon method: A titrimetric method used to determine reducing sugars in food samples, 

based on the reduction of copper(II) ions and a colour change detected with methylene blue. 

Methylene blue: A dye indicator used in the Lane & Eynon method, which changes colour when 

copper(II) ions are fully reduced. 

Munson & Walker method: A gravimetric method for determining reducing sugars, where the 

weight of copper(I) oxide precipitate is measured to calculate sugar concentration. 

Non-reducing sugars: Sugars that do not donate electrons in chemical reactions, such as sucrose, 

and therefore cannot reduce copper(II) ions directly. 

Reducing sugars: Sugars that can donate electrons to other molecules, such as glucose and 

fructose, and are capable of reducing copper(II) ions in chemical tests. 

Spectrophotometer: An instrument used to measure the absorbance of light by a coloured 

solution, commonly applied in colourimetric sugar determination methods. 

Titrimetric method: An analytical technique where the concentration of a substance is determined 

by reacting it with a solution of known concentration until the endpoint is reached. 

 

Concept Check Questions [Series 5] 

Objective Questions 

1. The Lane & Eynon method is used to determine ______ sugars in food samples. (Linked 

to SLO 5.3) 

2. In the Munson & Walker method, reducing sugars are oxidised to form copper(I) ______. 

(Linked to SLO 5.6) 

3. The Dubois method produces a yellow-orange colour measurable at around ______ nm. 

(Linked to SLO 5.9) 

4. Fehling’s solution contains copper sulphate and alkaline ______. (Linked to SLO 5.4) 

5. Sucrose is classified as a ______ sugar. (Linked to SLO 5.2) 

Short-Answer Questions 
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6. Define reducing sugars and give one example. (Linked to SLO 5.2) 

7. State the role of methylene blue in the Lane & Eynon method. (Linked to SLO 5.4) 

8. Identify one food product where the Munson & Walker method can be applied. (Linked to 

SLO 5.7) 

9. Explain why the Dubois method is considered more versatile than the Lane & Eynon 

method. (Linked to SLO 5.11) 

10. Name one modern method of sugar determination and state its advantage over classical 

methods. (Linked to SLO 5.1) 

Long-Answer Questions 

11. Analyse the importance of sugar determination in food chemistry and its relevance to 

nutritional labelling. (Linked to SLO 5.1) 

12. Evaluate the Lane & Eynon method in terms of principle, procedure, and limitations. 

(Linked to SLO 5.3, SLO 5.4, SLO 5.5) 

13. Demonstrate the step-by-step procedure of the Munson & Walker method and assess its 

advantages and disadvantages. (Linked to SLO 5.7, SLO 5.8) 

14. Explain the principle of the Dubois method and discuss its applications in carbohydrate 

analysis. (Linked to SLO 5.9, SLO 5.11) 

15. Compare classical sugar determination methods with modern techniques, highlighting 

contexts where each is most appropriate. (Linked to SLO 5.1, SLO 5.11) 

Answers to Concept Check Questions [Series 5] 

Objective Questions 

1. Reducing sugars. 

2. Oxide. 

3. 490 

4. Tartrate. 

5. Non-reducing. 

Short-Answer Questions 

6. Reducing sugars are sugars that can donate electrons in chemical reactions; glucose is an 

example. 

7. Methylene blue acts as an indicator dye that changes colour when copper(II) ions are fully 

reduced. 

8. The method can be applied to milk. 
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9. The Dubois method can measure both reducing and non-reducing sugars, as well as 

polysaccharides. 

10. High-performance liquid chromatography (HPLC); it provides greater accuracy and 

sensitivity. 

Long-Answer Questions 

11. Basic response: Sugar determination is important for monitoring sweetness, preservation, 

and compliance with nutritional labelling. Value-added response: Beyond labelling, sugar 

analysis supports product formulation, consumer health initiatives, and international trade 

standards. 

12. Basic response: The Lane & Eynon method is a titrimetric technique where reducing 

sugars reduce copper(II) ions, detected by methylene blue. It is simple but limited to 

reducing sugars. Value-added response: While useful in fruit juices and syrups, its 

reliance on boiling and visual colour change reduces precision compared to modern 

instrumental methods. 

13. Basic response: The Munson & Walker method involves heating reducing sugars with 

copper(II) ions, filtering, drying, and weighing copper(I) oxide. It is simple but time-

consuming. Value-added response: Its gravimetric nature makes it accessible in resource-

limited settings, but modern techniques offer faster and more reliable results. 

14. Basic response: The Dubois method uses sulphuric acid and phenol to produce a coloured 

solution measurable by spectrophotometer. It is applied to cereals, fruits, and processed 

foods. Value-added response: Its versatility allows analysis of both simple and complex 

carbohydrates, making it valuable for nutritional research and food quality control. 

15. Basic response: Classical methods are simple and cost-effective, while modern methods 

are more precise and sensitive. Value-added response: Classical methods remain useful 

in teaching and resource-limited contexts, whereas modern techniques are preferred in 

industry for regulatory compliance and advanced research. 

 

Answers to Pilot Questions [Series 5] 

Part 5.1: Introduction to Sugar Determination in Food Chemistry 

1. Food labelling. 

2. Reducing. 

3. Colourimetric. 

4. High-performance liquid chromatography (HPLC). 

5. Ability to donate electrons. 
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Part 5.2: Lane & Eynon Method 

1. Reducing sugars. 

2. Fehling’s solution. 

3. Methylene blue. 

4. Fruit juices. 

5. Sucrose. 

Part 5.3: Munson & Walker Method 

1. Gravimetric method. 

2. Copper(I) oxide. 

3. Washed, dried, and weighed. 

4. Milk. 

5. Time-consuming. 

Part 5.4: Dubois Method (Phenol-Sulphuric Acid Method) 

1. Colourimetric method. 

2. Yellow-orange. 

3. 490 nm. 

4. Phenol. 

5. Total carbohydrate content. 

 

References and Attributions [Series 5] 

This section compiles references and attributions for Series 5: Sugar Determination Techniques: 

Lane & Eynon, Munson & Walker, and Dubois Methods. It includes suggested open educational 

resources (OERs), illustration prompts, and notes on AI-generated placeholders. The referencing 

style applied here follows APA guidelines for clarity and consistency. 
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Illustration Attributions 

• Figure 5.1 Importance of sugar analysis in food chemistry AI-generated placeholder. 

Prompt: “Generate a labelled diagram showing the importance of sugar analysis in food 

systems including labelling, quality control, and product formulation.” Suggested OER 

search string: “importance of sugar analysis food chemistry diagram OER”. 

• Table 5.1 Types of sugars commonly analysed in food chemistry AI-generated placeholder. 

Prompt: “Generate a table comparing reducing and non-reducing sugars with examples and 

analytical significance.” Suggested OER search string: “reducing vs non reducing sugars 

comparison table OER”. 

• Box 5.1 Classical and modern sugar determination methods AI-generated placeholder. 

Prompt: “Create a text box listing classical and modern sugar determination methods used 

in food chemistry.” Suggested OER search string: “classical vs modern sugar 

determination methods food chemistry OER”. 

• Figure 5.2 Principle of the Lane & Eynon titrimetric method AI-generated placeholder. 

Prompt: “Generate a labelled diagram showing reducing sugars reacting with copper(II) 

ions in the Lane & Eynon method.” Suggested OER search string: “Lane and Eynon 

method principle reducing sugars diagram OER”. 

• Plate 5.2 Laboratory setup for Lane & Eynon titration method AI-generated placeholder. 

Prompt: “Generate an image showing laboratory titration setup with Fehling’s solution and 

methylene blue indicator.” Suggested OER search string: “Lane and Eynon method 

titration setup Fehling’s solution OER”. 

• Figure 5.3 Principle of the Munson & Walker gravimetric method AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing reducing sugars reacting with 

copper(II) ions to form copper(I) oxide precipitate.” Suggested OER search string: 

“Munson and Walker method principle reducing sugars gravimetric diagram OER”. 

• Plate 5.3 Laboratory procedure for Munson & Walker method AI-generated placeholder. 

Prompt: “Generate an image showing laboratory setup for filtration, drying, and weighing 

of copper(I) oxide precipitate.” Suggested OER search string: “Munson and Walker 

method laboratory procedure filtration drying weighing OER”. 

• Box 5.2 Advantages and disadvantages of the Munson & Walker method AI-generated 

placeholder. Prompt: “Create a text box listing advantages and disadvantages of the 

Munson & Walker method in food analysis.” Suggested OER search string: “Munson and 

Walker method advantages disadvantages food chemistry OER”. 

• Figure 5.4 Principle of the Dubois phenol-sulphuric acid method AI-generated 

placeholder. Prompt: “Generate a labelled diagram showing carbohydrates reacting with 
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sulphuric acid and phenol to produce a coloured solution.” Suggested OER search string: 

“Dubois phenol sulphuric acid method principle carbohydrate analysis diagram OER”. 

• Plate 5.4 Laboratory setup for Dubois phenol-sulphuric acid method AI-generated 

placeholder. Prompt: “Generate an image showing laboratory setup with test tubes for 

phenol-sulphuric acid reaction and a spectrophotometer.” Suggested OER search string: 

“Dubois phenol sulphuric acid method laboratory setup spectrophotometer OER”. 

 

 


