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Part 1: Foundations of Proximate Analysis
e Sub-Part 1.1: Definition and Scope of Proximate Analysis
e Sub-Part 1.2: Importance of Proximate Analysis in Food Chemistry
e Sub-Part 1.3: General Methods and Principles
Part 2: Moisture and Ash Determination
e Sub-Part 2.1: Methods of Moisture Analysis
e Sub-Part 2.2: Methods of Ash Analysis
Part 3: Crude Protein and Crude Fat Determination
e Sub-Part 3.1: Principles of Protein Analysis (including Kjeldahl overview)
e Sub-Part 3.2: Methods of Crude Fat Analysis
Part 4: Crude Fibre and Carbohydrate Determination
o Sub-Part4.1: Methods of Crude Fibre Analysis

e 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 Qutcomes

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

-

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



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.
CARBOHYDATE ‘A oisTure _JIGN
* Water content }
* Calculated by Difference * Drives off volatle compounds
« Starch, Sugars, Glycosen * Calculated by weight difference !

(=)

e it ‘ FOOD * Mineral content

* Non-digestible carbohydates « Irrogagin residue after ignition
» Bulk for digestive health ) SAM PLE . Indi%:a%es total mineralsg

« Celluuse, Hemiceluse

L ‘ SANE S SERNE
e ) * Kjedhal Method
* Lipid content : « Nitrogen content x 6.25 &9
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* Energy source

« Essential for growth/repair
* Amino acids

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

APPLICATIONS OF PROXMATE ANALYSIS

« Food labeling

+ Quality control & standards
» Process control

« Detection of adulteration

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.

Filldn 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

PROXIMATE COMPONENT METHOD OF DETERMINATION

MOISTURE Oven Drying Method
(weight loss)
ASH Muffle Furnace (incineration)
ASH Kjeldahl Method (nitrogen content)
PROTEIN Soxhet Extraction
FAT (solvent extraction)
FIBRE Acid/Alahi Digestion (undigsted residue)
CARBORYDATE Calculated by Diffrrence

(100 - %Water - %Ash - %Protein -
(Fat - Fat - Fibre)

Pilot questions 1.1

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

What proximate principle is used to estimate the mineral content of food?
Which method is commonly applied to determine protein content in food samples?

Why is moisture content important in food chemistry?

M W

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.
INITIAL WEIGHT (W,) DRYING PROCESS FINAL WEIGHT (W,
\
§99
000 |
(e} “ \
| |
= = ‘
1. Weigh empty crucblel. ‘ Heat at 105°C for 1. Cool in desssitator
2. Add food sample. 3-4 hours or until 2. Weigh sample + crucble (W2)
3. Weigh sample + constant weight 3. Repeat until weight constant
crucble (W1) \
MOISTURE CONTENT (%) =

[W1 - V2) — (Sample Weight] x 100

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.

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



DRY ASHING

Method: High-temperature
muffle furrance

Time: 550-600°C
Temperature: Solid foods, flour
4-18 hours

Table 1.2 Comparison of dry ashing and wet ashing methods

WET ASHING

Method: Acid digestion on
hot plate

Reagents: Nitric acid,
suffoux+acid, percelohic acid
Time: 30-60 n fats, oils

» Advantages:
» Simple, imple, large sample
size, no rezgents

» Advantages: Liquid foods,
less mineral loss, lower
lower temperature

 Limitations: Volatile mineral « Limitations: Reagent cost, haadus
long time, equipment cost fumes, small size

TOTAL ASH CONTENT (%) =
[Weight of Ash /Sample Weight] x 100

Pilot questions 1.2

1.

&» > » b

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

Which method of moisture determination involves heating food until constant weight?
What is thednorganic residue left after complete combustion of food called?

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

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
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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

1. DIGESTION 2. DISTILLATION 3. TITRATION
i |
Food == g
Sulif Acid © =
Tableless e E
- = (S —— | '
» Sample + H,S04 + Catalist * Add NaOH, distill » Tritate with standard acid
* Heated to convert N to e NH; released, e Calculate N content
(NH4,SOL) trapped in H3BO, Protein = N x Factor

PROTEIN CONTENT (% = [V,acid - V-blank) * N,acid * 14.007 ]

Sample Weight * 1000 * 6.25

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

TRADITIONAL , RAPID & MODERN
SOLVENT EXTRACTION METHODS

Extraction (SFE) She

J-_' Soxhlet Extraction ] Supercertitial Fluid

» Method: Continous solvent extraction » Method: CO, based superctical
Time: 6-12 hours extraction
» Time: Hexane, Dieityl Ether » Time: 30-60 minutes
« Solvents: Hexane, Dietyl « Solvents Highequipment cost, No harmful
Ether waste wase
» Advantages: Reference method, e FT-NIR : None
High accuracy, Large sampl disposal none (noestructive)
* Limitations: Long time, * Very fast
Solvent sample size « Calibration required,
Manual Matrix-dependent,

Matrix for for all samples

CRUDE FAT (%) = [Weight of Fat / Sample Weight] x 100

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 remainsa 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
( Y & R
2. ALAKI 4, INCINERATION
DIGESTION & WEIGHING

3. FILTRATION

1. ACID
& DRYING

DIGESTION

l\
J

Heating

- Boil sample with
1.25% HSO4

- Digests starches &
proteins

- Boil with 1.25%
NoOH

- Digests more protein
& lipids

- Filter and wash
residue

- Dryinovento
constant weight

- Ignite in muffle furnace
- Ash organic matter

- Weigh final ash

CRUDE FIBRE (%) = [W, - 2,, / Sample Weight] x 100

W, =

Lol

p

Figure 1.4 Sequential digestion steps in crude fibre analysis

Do)
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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 contentis usually calculated by

Table 1.4 Calculation of carbohydrate content by difference

TYPICAL PROXMATE VALUES (%) ~ CALCURATION BY DIFFERENCE

VALUE (%)

Tr— PPy CARBORYDATE (%) = 100 -

(MOISTURE + ASH + PROTEIN + FAT
MOISTURE 2.0% e
PROTEIN 15.0% =100 - (10.0 + 2.0 + 15.0 + 12.0
FAT 12.0% =100-42.0
FIBRE 3.0% =58.0%
TOTAL 42.0%

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 €nergy 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)

The Kjeldahl method is primarily used to determine which food component? (Linked to
SLO 1.5)

In proximate analysis, carbohydrate content is usually calculated by . (Linked to
SLO 1.8)

The apparatus commonly used for crude fat extraction is the extractor. (Linked to
SLO 1.6)

Moisture content in foodis most commonly determined by drying. (Linked to SLO
1.3)

Short-Answer Questions

6.
7.

10.

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

Why is moisture determination important in food preservation and quality control? (Linked
to SLO 1:3)

Describe one limitation of the Kjeldahl method in protein determination. (Linked to SLO
1.5)

Explain why crude fibre analysis is significant in evaluating food quality. (Linked to SLO
1.7)

What role do carbohydrates play in human nutrition according to proximate analysis?
(Linked to SLO 1.8)

Long-Answer Questions

1.

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)

o)
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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.
Crude protein.
Difference method.

Soxhlet extractor.

A

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 sulphuri¢.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 disecases 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

5.7 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

Kjeldahl method

6.25

Sl

Soxhlet extractor
5. For nutritional labelling and quality control

Part 4: Crude Fibre and Carbohydrate Determination
1. Crude fibre

Sequential acid and alkali digestion

Difference method

Fibre supports digestion and bowel health

A

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. At includes suggested open educational resources (OERs), illustration
prompts, and notes on Al-generated placeholders. The referencing style applied here follows APA
guidelines for clarity and consistency.

General References

e AOAC International. (2019). Official methods of analysis of AOAC International (21st
ed.). Rockville, MD: AOAC International.

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

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

Hlustration Attributions

o Figure 1.1 Components of proximate analysis in food chemistry Al-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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e Box 1.1 Selected applications of proximate analysis Al-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”.

e Table 1.1 Overview of proximate analysis methods Al-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”.

o Figure 1.2 Oven drying method for moisture analysis Al-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”.

e Plate 1.1 Muffle furnace for dry ashing of food samples-Al-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”.

o Table 1.2 Comparison of dry ashing and wet ashing methods Al-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”.

e Figure 1.3 Steps in thes Kjeldahl method for protein determination Al-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”.

e Plate 1.2 Soxhlet apparatus for crude fat determination Al-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”™.

o (Table 1.3 Comparison of Soxhlet extraction and alternative fat determination methods Al-
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”.

o Figure 1.4 Sequential digestion steps in crude fibre analysis Al-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”.

o Table 1.4 Calculation of carbohydrate content by difference Al-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
e Sub-Part 1.1: Protein determination methods (beyond Kjeldahl)
e Sub-Part 1.2: Lipid determination and characterisation
e Sub-Part 1.3: Carbohydrate determination techniques
e Sub-Part 1.4: Vitamin and mineral analysis
Part 2: Detection of Food Contaminants
e Sub-Part 2.1: Chemical contaminants (pesticides, heavy metals, additives)
e Sub-Part 2.2: Biological contaminants (microorganisms, toxins)
e Sub-Part 2.3: Physical contaminants (foreign matter, adulterants)
Part 3: Analytical Tools and Quality Assurance
e  Sub-Part 3.1: Chromatographic techniques (HPLC, GC)
e Sub-Part 3.2: Spectroscopic methods (UV-Vis, Atomic Absorption, IR)
e Sub-Part 3.3: Good laboratory practices and validation of results
Part 4: Applications in Food Safety and Regulation

e Sub-Part 4.1: Role of proximate and contaminant analysis in food safety
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e Sub-Part 4.2: National and international standards (e.g., Codex Alimentarius, NAFDAC,
FDA)

e 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 fooed 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 Qutcomes
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,

-
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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 Kjeldah! 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.

FilLin 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 Carboh e determination techniques

anic compounds made up of carbon, hydrogen, and oxygen, and they serve
rce of energy in human diets. In proximate analysis, carbohydrate is usually
difference, subtracting the sum of moisture, ash, protein, fat, and fibre from 100.
ethod provides a quick estimate of carbohydrate content.

e 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
gars. 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

PROXMATE | CALCURATION BY DIFFERENCE
S (%)

MOISTURE VALUE (%) CARBORYDATE (%) = 100 -

ASH VALUE (%)  (MOISTURE + ASH + PROTEIN + FAT + FIRE
PROTEIN FAT =100 - (10.0 + 2.0 + 15.0 + 12.0 + 3.0
FIBRE VALUE (%) =100 -43.0

TOTAL 42.0% = 57.0%

2.1.4 Vitamin and mineral analysis

Vitamins are organic compounds required in smallramounts 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 zine. 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?
Which apparatus is widelyused for crude fat extraction in food chemistry?

How is carbohydrate content usually calculated in proximate analysis?

S

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.

Light beam from lamp
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of Component
 Sample extract vaporized  * Sample extrats seperateby + Componenss exit column
Introduced onte column boiling/ Deteclor generates
boiling point/polarty) electrical signal

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 eulture 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

-

.-

o)
B ET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Plate 2.2 Culture plates for detection of biological contaminants

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 jagricultural or
industrial sources?

Which spectroscopy technique is commonly used to measure heavy metals in food?
Name one microorganism that is considered a biological contaminant in food.

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

A

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 caleium; 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 laboratoery 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
ofinstruments, 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

KEY PRINCIPLES

Qualified & Trained Personnel

Valid & Calibrated Equipment
Standardized Operating Procedures (SOPs)
Tracable Reagents & Materials

Accurate & Timely Record Keeping

Quality Control & Assurance

Proper Sample Handling & Storage
Method Validation

Facility & Environmental Control

Safety & Waste Management

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.
Quality Risk Assesment
Control Protection
1. FOOD CONSTIUTIENT 2. FOOD CONTAMNANT
ANALYSIS DETECTION

» Nutritional Composition * Microbial Pathogens
(Proximate Analysis) FOOD (Bacteria, Mold)
G— - (Bacteria, Mold)
; SAFETY
e Micronutrents
(Protein, Fat, Carbs)
(Vitamins, Minerals)

» Harmical Residues
(Pesticice, Antibotics)
Harmful Substances
(Heavy Metals, Toxins)

Preventive

Regulatory Measures

Public Health
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

AGENCY ROLE/MANDATE
« Codex Alimentarius Commission (CAC) « Develops international food standards &
guidelines

Food and Agriocuture Organization (FAO) Global food security & agricultural
of the UN practices

Public health, foodborne illness, &
safety guidelines

* World Health Organization

* World Unites Food & Drug Admnistration * Regulates food, drugs, & cosmetics in
(FDA the US

* European Food Sefety Authority (EFSA * Provides scientfic advice on food risks
(FSA in Europe

* Food Standards Australia Risk Zeazand * Bi-banioral food standards for

Australia/ Zealand

 China National Food Safety Risk National food safety risk assessment
Assessment Center (CFSA) in China

Food Safety and Standards Authority of India * Sets science-based standards in
FSSAI India

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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* Contaminant: Affatoxins (mold * Contaminant: Methylmecry ¢ Contaminant: Melamine (industrial

tmold toxins) (neurotoxin) chemica)

* Food Source: Corn, peanuts, grains * Food Source: Large preatory fish ¢ Food Source Infant formula,
Impact: Liver damage, cancer risk (tuna, swordfish) milk products)

* Monitoring: HPLC, ELISA, * Neurflogical impaianent (esp. * Kidney failure, urinary issues
Spectophothostmemty pregnant women, children) GC-MS, LC-MS/MS)

¢ Monitoring: Crop ¢ Monitoring: Atomic * Massive: Massive recalls, criminal
Outcome: Crop destruction, Aossimption adviisories, import/- prosccutiones, stricter
trade restrictions expculationy (AAS) regulations

LESSON: Continuous monitoring, rapid detection, and strict regulatory enforcement are crucial

for public health and consumer trust.

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

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

Eal S

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 FAOand 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)
-
D
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13.

14.

Demonstrate how good laboratory practices contribute to reliable food analysis results.
(Linked to SLO 2.6)

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.

Sl

5.

Protein.

High-performance liquid chromatography (HPLC).
Codex Alimentarius Commission.

Atomic absorption spectroscopy (AAS).

Metal detector.

Short-Answer Questions

6.

10.

Food contaminants are unwanted substances or objects in food that compromise safety.
Examples include pesticide residues (chemical) and Salmonella (biological).

Validation ensures that analytical methods produce accurate, reproducible, and credible
results, preventing misleading conclusions.

The Kjeldahl method measures total nitrogen, not just protein nitrogen, so non-protein
nitrogen compounds may cause overestimation.

Compliance with international standards ensures consumer safety and allows food products
to access global markets.

Detection of melamine ininfant formula led to international recalls and stricter regulations
on food adulteration.

Long-Answer Questions

11;

12.

-

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.

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.

o)
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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
Atomic absorption spectroscopy

Salmonella

S

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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Codex Alimentarius Commission
Aflatoxins

To protect consumers and enable access to international markets

A

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 Al-generated placeholders. The referencing style applied here
follows APA guidelines for clarity and consistency.

General References

e AOAC International. (2019). Official methods of analysis of AOAC International (21st
ed.). Rockville, MD: AOAC International.

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

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

e World Health Organization & Food and Agriculture Organization of the United Nations.
(2020). Codex Alimentarius: International food standards. Rome: FAO/WHO.

Illustration Attributions

o Figure 2.1 Steps 'in the Kjeldahl method for protein determination Al-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”.

e Plate 2.1 Soxhlet apparatus for lipid determination Al-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”.

o Table 2.1 Example calculation of carbohydrate content by difference Al-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”.

o Figure 2.2 Atomic absorption spectroscopy for mineral determination Al-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”.

-

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



o Figure 2.3 Gas chromatography for pesticide residue analysis Al-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”.

e Plate 2.2 Culture plates for detection of biological contaminants Al-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”.

o Figure 2.4 High-performance liquid chromatography setup for food analysis Al-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”.

e Box 2.1 Principles of good laboratory practices in food analysis Al-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”.

o Figure 2.5 Relationship between food analysis and food safety Al-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”.

e Table 2.2 Examples of national and international food safety agencies Al-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”.

e Box 2.2 Selected case studies in food quality monitoring Al-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”.

Course code: FST302

Course title: Basic Food Chemistry
Course credit load: 2 units

List of Series:
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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
e Sub-Part 3.1.1: Overview of the Kjeldahl method
e Sub-Part 3.1.2: Sources of error and non-protein nitrogen interference
e Sub-Part 3.1.3: Why alternative methods are needed
Part 3.2: Combustion-Based Methods
e Sub-Part 3.2.1: Dumas combustion method principles
e Sub-Part 3.2.2: Advantages and limitations compared to Kjeldahl
e Sub-Part 3.2.3: Applications in food industries
Part 3.3: Spectroscopic and Chromatographic Methods
e Sub-Part 3.3.1: UV-Vis spectroscopy for protein quantification
e Sub-Part 3.3.2: Infrared spectroscopy and protein functional groups
e Sub-Part 3.3.3: Chromatographic separation of amino acids and peptides
Part 3.4: Modern Rapid and Alternative Techniques
e Sub-Part 3.4.1: Enzymatic and immunoassay methods
e Sub-Part 3.4.2: Near-infrared spectroscopy (NIR)

e Sub-Part3.4.3: 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.

-
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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 chrematographic 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

1. DIGESTION 2. DISTILLATION 3. TITRATION
1
==
1 =2 Endpint
Food :[_]:: = i
Sulif Acid © 2 Standard_
Tableless = B Acid
o
& @
e
= J \ LN
 Sample + H,504 + Catalist e Add NaOH, distill * Tritate with standard acid
* Heated to convert N to ¢ NH; released, e Calculate N content
(NH4,S0L) trapped in H;B0, Protein = N x Factor

PROTEIN CONTENT (% = [V,acid - V-blank) * N,acid * 14.007 ]

Sample Weight * 1000 * 6.25

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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* Incomlete Digestion of Sample
* Loss of Ammonia During Distillation

* |nacurate Titration (e.gl, indicator error, endient
misnterpetation)

e Contamintion of Reagents or Glassware
* Inccurate Measurement of Reagents or Sample Weight
* Matrix Effects (e.L, interfeence from other compouds)

* Indaquiate Equipment Calibration
* Human Error (e.l, procedual mistakes, calculation errors

Box 3.1 Common sources of errorin 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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KJELHADL METHOD DUMAS METOD
(CLASSIC) (RAPID COMBUSTION)

—>| Sample +H,S0, |— Sample + 0, = Gases -
= , © e ! 1
_—% ¢ r—
J ’ {IJ [Hj‘% : | P
‘ | k:
1. Digestion | __, | Add NaOH, 5 —— Reduction & Separation Thermal Conductivity
Distll NH, Co2,etc Detector (TCD)
Tritate, Calculate N
e Principle: Measures Total Organic Nitrogen * Principle: Measures Total Nitrogen Gas (N,)
« Sample Type: Wide range (food, feed, soil) * Solids, liquids
» Sample Type(1-2 hours/sample) * Time: Long (1-2 hors/sample)

* Time: Lower equipment, higher reagents Cost: Short (15 mins/sample)

e Cost: Lower equipence Method Higher equipment, lower reagents

Advantages: Fast, Automated Nazeus chemcals
Limitations: Matrix effects, High initial cost

 Advantages: Versatile, Reference Method
« Limitations: Manual, Hazarrdus chemicals

PROTEIN (%) = Total N * Conversion Factor

Figure3.2 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 termrefers 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.
1. COMBUSTION 2. GAS 3. DETECTION &
SEPARATION CALCUATION

ﬁ Hiah-Temp 0 Carrier Gas T [};@
—» High-Temp Oven eduction < =
e D — i = |/

l l Thermal =
Comductiivity Data System

Carrier Gas
| Separates Detector (TCD)
JEET 0,,H0, C0,,
« Sample ignited nd g

Total Organic N, food, e TCD measures N, gas
» Peak malates N, content

* Peak area N,. from other
othe hose Protein (N x
Factor

temp « Reduction Column
* Converts N to + other Separates N, higher gases
other gases

PROTEIN (%) = Total N * Conversion Factor

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

KJELDHAL METHOD DUMAS METHOD

I
Speed = Slow (1-2 hours/sample) Fast (3-5 minutes/sample)
Safety Hazardus chemicals Safer (inert gases, no
(concentrated H,S0,, N,a0H) strong acids/bases)
Accuracy = High, Reference Method. High. Measures
Measures protein nitrogen total nitrogen
Cost Lower initial equipment cost, | Higher initial equipment cost,
higher regent cost lower regent cost
Chemical | Sulfuric acid, allahi, catalist, Inert carrier gas (He), combustion
Use titrants rembustion/reduction regents

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 1s 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.

Do)
B ET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



KEY APPLICATIONS

* Meat & Seafood Products: Protein quantfication for nutrtional
labeling, raw materlity control, and fraud detection.

* Dairy Products: Rapid protein analysis in milk, cheese, yogurt, and
and protei protein powders; infant formula quality control.

¢ Cereals & Grains: Protein content detemination in wheat, rice, corn, and
flours for grading, breeding, and processing.

* Cereals & Grains: Poality control and nutritional labeling compliance
for a range of produts of products includin: ready meals, and
baked goods.

* Processed & Packaged Foods: Quality continal labelunjs fors macks, and
baked goods.

* Research & Development: Method validation, new product development, and
protein functionality studies.

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.

Do)
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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.

Light beam

2. WAVEENGTH SELECTOR [ 3. SAMPLE COMPARTMENT

4, DETECTOR & DISPLAY

2
\ l Aﬁ: Monochrmotor % Light inte:sity é»&f
p - ‘ measure —

+ UV & Visible Lamp
+ Deuterium Lamp (UV) + Selects specific wavelength + Cuvette (Quartz/Glass) + Photomuliyter Tube (PMT)
Tunsgun Lamp/Visible) » Filters out unanted light + Contains sample solution Measures transmitted light
+ Emits light across spectrum Light passes through sample Output: Absabrance/Concentration
A V. L J L J . J

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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100%

AMIDE Il BAND
(N-H bend,

100% C-N stretch)

' AMIDE | BAND
8% + (C=0 stretch)

7%

1%

1%

Transstteane (%)

0
4000 1600 1600 1000 1000 500 500

Wavenumber (cm™)

PRINCIPLE: Identify Molecular Functional Groups Boups Based on

Virbationl Modes

Figure 3.5 Infrared spectrascopy spectrum showing protein functional groups
3.3.3 Chromatographic separation of amino acids and peptides

Chromatography is atechnique 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

APPLICATION DESCRIPTION & TECHNIQUES

Amino | Acid Profiling Determine nutritional value,
- detect aduteration: lon-Echange
. Chrmocinesatcy (IEX), Reversed
Peptide ‘ Separation & Mapping Reversed-Phase HPLC
‘ (RP-HPLC)
|

Identify proteins, analyze protein
protein structure, purity:

Protein @ [solate specific proteins for
functional studies, pudies

Montiein Affenity RP-HPLL, Size-Exlcusion

. T Hydrobboction, (IEX,
Protein Morifiations Chrmocinesatey (SEC)

Detect changes like phviosmorin food
glyod products: RP-HPLL, SEC

- Food Allergen Detection

PRINCIPLE: Separate complex protein mixtures based on

an size, charge & polarity for detaiied 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

\,— ‘J
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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

1. COATING: Add Sample Antigen 2. BINDING: Add Primary Antibody
¢ \ X » Antigen from food sample biinds to arges to
Sample Extract |\l « > well
(Food) \\ >
2. BINDING: Add Primary Antibody 3. DETECTION: Add Enzyme-Linked
Tl oF | % Secondary Antibody
Primary \\* Xy X / »X » Secondary antibody (with enzyme) binds to
\X %/ Wash primary antibody
4. SIGNAL % X 3 4. SIGNAL: Add Substrate & Measure =
{ ] »
\ ] ] |
el }}( ¥o,, [ Substrate « Enzyme + Subsrate = Color Change ===
& X & ) (Signal) Mi;;gggte

PRINCIPLE: Quantify Food Analyte (e.g., Allergen, Toxin)

Based on Specific Antbody-Antigen Recognition
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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e Mass Spempetery Products: (MS):

* Detailed protein identification, for actioin, amiod sequening, raw
trastrasstional modifiation analysis and allergerd allergan
detection.

¢ Biosensors:

* Creeals & Grains: Rapid, reame detection in wilk, specific proteins, and
allergons, and allergons using bisological recogntim elements, infant
elements.

* Laocessed & Packagent: Method validation, new protconts & malyals, and
baked goods.

* Research & P-Chip Systems for rapid, portable, multi-prerin analysis with
minimal sample volume.

Box 3.3 Selected emerging technologies in protein analysis

Pilot questions 3.4

1.
2.

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

Near-infrared spectroscopy estimates protein content by detecting vibrations of which
molecular bonds?

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

Which advanced technology provides detailed molecular information about proteins and
peptides?

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,

-

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



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,ater 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 SLO3.4)

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)
)
D
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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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14.

15.

response: These techniques also allow monitoring of protein stability during processing
and provide insights into structural changes that affect food quality.

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.

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.

i

5.

6.25

Non-protein nitrogen (NPN)

Incomplete digestion, contamination, or ammonia loss during distillation
Dumas method

To obtain faster, safer, and more accurate protein analysis

Part 3.2: Combustion-Based Methods

1.

® > »

Nitrogen gas

Faster analysis without hazardous chemicals

Inability to distinguish non-protein nitrogen from protein nitrogen
Meat industry (also dairy, cereals, and processed foods)

It avoids corrosive chemicals and is more environmentally friendly

Part 3.3: Spectroscopic and Chromatographic Methods

1.

A R

-

280 nm

Amide region

Alpha-helices or beta-sheets

High-performance liquid chromatography (HPLC)

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)
Molecular bonds (hydrogen, carbon, nitrogen)

Non-destructive and requires minimal sample preparation

Sl

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. 1t includes suggested open educational resources (OERs), illustration prompts, and notes
on Al-generated placeholders. The referencing style applied here follows  APA guidelines for
clarity and consistency.

General References

e AOAC International. (2019). Official methods . of analysis of AOAC International (21st
ed.). Rockville, MD: AOAC International.

e Belitz, H. D., Grosch, W., & Schiebetle, P. (2009). Food chemistry (4th ed.). Berlin:
Springer.

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

o World Health Organization & Food and Agriculture Organization of the United Nations.
(2020). Codex Alimentarius: International food standards. Rome: FAO/WHO.

Illustration Attributions

o Figure 3.1 Steps in the Kjeldahl method for protein determination Al-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”.

e Box 3.1 Common sources of error in the Kjeldahl method Al-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”.

o Figure 3.2 Comparison of Kjeldahl and Dumas methods Al-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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e Figure 3.3 Principle of the Dumas combustion method for protein determination Al-
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”.

e Table 3.1 Comparison of Kjeldahl and Dumas methods Al-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”.

e Box 3.2 Selected applications of the Dumas method in food industries Al-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”.

e Figure 3.4 Principle of UV-Vis spectroscopy for pretein quantification Al-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 QER.

o Figure 3.5 Infrared spectroscopy spectrum.showing protein functional groups Al-
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™.

o Table 3.2 Applications of chromatography in protein analysis Al-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”.

o Figure 3.6 Principle of ELISA immunoassay for protein detection Al-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”.

e ( Plate 3.1 Near<infrared spectroscopy instrument for rapid protein analysis Al-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”.

e Box 3.3 Selected emerging technologies in protein analysis Al-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

e Sub-Part 4.1.1: Definition and classification of lipids

e Sub-Part 4.1.2: Distinction between free and bound lipids

e Sub-Part 4.1.3: Nutritional and functional roles of lipids
Part 4.2: Methods of Extraction and Separation

o Sub-Part 4.2.1: Solvent extraction techniques

e Sub-Part 4.2.2: Mechanical and enzymatic release of bound lipids

e Sub-Part 4.2.3: Chromatographic separation of lipid fractions
Part 4.3: Analytical Techniques for Lipid Characterisation

e Sub-Part 4.3.1: Gravimetric-and titrimetric methods

e Sub-Part 4.3.2: Spectroscopic methods (IR, NMR)

o Sub-Part 4:3.3: Chromatographic methods (GC, HPLC for fatty acids and triglycerides)
Part 4.4: Applications in Food Quality and Safety

o  Sub-Part 4.4.1: Lipid oxidation and rancidity monitoring

e . Sub-Part 4.4.2: Role of lipid analysis in nutritional labelling

e  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 QOutcomes

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.

Hydrolysis / Metabolism

« Structure: Fatty acids + Alcohol « Structure: Fatty acids + « Structure: Hydrolyzed
|
« Examples: Trigriylydes (fats Alcohol + Other Group from Simple/Compcund Lipids
(fats/ois), Waxes l (A,D. E, K)
« Function: » * Examples: Cell membranes, » » Examples: Steroids, Fatty
Energy storage, Insulation Glycolipis Acids, Vitamins, Antioxidant
« Food Sources: « Signaling « Function: Hormones, Digestion,
« Butter, Olive Qil, Lard « Egg Yolks, Soybeans, Milk Cholesterol, Fish Qil, Fortfiited
/ \__Foods

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

FREE LIPIDS BOUND LIPIDS
(OIL/FAT DROPLETS) (CELLULAR COMPONENTS)

Large, unencaspulated Lipids bound to proteins/

lipid droplets carbohydrates

Easily extracted with organic Integrated within cell membranes

solvents & organelles

Found in visible oils, butter, lard Requires stronger extraction (e.g. acid
hydrosis

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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KEY ROLES IN FOOD SCIENCE
NUTRITIONAL ROLES FUNCTIONAL ROLES

* Energy Source (9 kcalg)  Texture & Mouthfeel (e.p.
carbohydrates

* Essential Fatty Acids

(e..p. Omega-3-a.6) * Emulsification (e.e.p. creamieimss,

* Fat-Soluble Vitamin Carrier tenddresss)
* Heat Transfer (e.p. mayrranes, salad
e A,D.E K) drgansings)

¢ Flavor & Aroma Compounds
* Satiety & Flavor Enhacment

« Shelf-Life Extension (e.g. acid
stablity)

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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1. SAMPLE PREPARATION J2.SOLVENT EXTRACTION 3. LIPID RECOVERY

- ) =
Organic
Solvent
(es), Hexiine)
« Food Sample (e.g,,
. Zi?:(:i’nm/e:(t)Lonization * Selvent Evaprtion
h 8 o « Addition organic solvent (Rotary Evorvator)
iETeash Suknce afel » Heating & refux cycles » Isolated Lipid Fraction
« Separates lipids from
solid matrix

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, earbohydrates, 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 productswhere 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

1. MECHANICAL PRESSING 2. ENZYMMIAL RELEASE
(COLD/HOT) (BOUND LIDS)

Enzymes (e.g).
Cellullase, Lipase)

I = ' %
C 0
L | - 0.0
| e, :
C ) A .-"‘:',ﬂ
» Crushing/Squeezing * Food sample
« Physical separation of oil .+ Enzymes break down cell walls/
from solid | proteins
» No/minimal solvents » Frees bound lipids
« Seeds, Fruits (e.e.), olive oil) « Aqueaus solution

« High capacity » Proteins, Soybeans, Dairy
* Mild conditions

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, phosphelipids, and sterols. High-performance liquid chromatography (HPLC) and
gas chromatography (GC) are used for more detailed analysis, such as profiling fatty acids and
triglycerides.

Chromatographicseparation 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

THIN-LAYER HIGH-PERFORMANCE GAS
PRINCURE CHROMOGRAPOPHY (LIQUID CHROMGROPHY CHROMOGRFOPHY
(TLC) (HPLC) (GC)
Princiye Type * Separation on a solid * Non-voration in a * Separation in a colum
polar/non-polar lipids colum/non-polar lipids volatlity
lipids (e.d), (e.0), phosphhodis, sterok)
trygllydeddes, sterols) » VVolatle/denvatized lipids
phosphhoids) (e ), fatty acid methyl esteres
. (FAMEs))
Resolution/Speed
Resolution/Speed * Moderate / Fast & Simple « High / Moderate « Very High / Moderate
Cost/Complexity ° Low/Simple setup » High / Complex « Very High / Moderate
instrummeation
Applications * Screening, semi-quantatives Quantiative analysis, * Fatty acid profling,
purity checks intact lipid clases Moderate, trans fat
classes analysis

Pilot questions 4.2
1. Name one organic solvent commonly used in lipid extraction.
Which type of lipids require mechanical or enzymatic methods for release?

Give one example of an enzyme used to release bound lipids.

S

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.
1. GRAVIRMETIC DETEIMINATION 2. TITRIMETIC IODINE VALUE
(TOTAL LIPIDS) TEST (UNSATURATION)

il

O

2 =
Endpint

=

e Lipid + lodine Solution (adds
acrostross double bonds)

* Solvent extraction (eg,, Soxhet, Folch) e Titrate with Thiosufate

* Evaprate solvent (measures unreacted icoine)

ipoine)

Calculation: lodine Value (g I,/ 100g lipid)

Result: Degree of Unsstaration

* Weigh dried lipid resisue
* Result: % Total Lipid by weight

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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2. NUCLEAR MAGNETIC RESSORANCE
NMR) SPECTRUM OF FATTY ACIDS

100%

300% i | _COOH
1 C=H stretch % (acid proton)
o + (lipid chain) o =
S : %
@ CH,CH, | |: C=0 stretch s J K
3 stretch | |! functional group § oA N J\
IS G S ad sty U
@ - 2 2°WUI3
= CH,-CO, alipatiatic chain
% . (unslatic chain) talip )
04000 1800 1200 1000 1000 500 500 ' ki 2 > . ; o * ™ .
Wavenumber (cni") Chemical Shift ppm

Provides detailed structure
Hydrogen environment (I'H NMR)
Chain length, unssatiration
Methyl, mythleine groups

Identifies functional groups
C=0, C-H bonds
Fingerprint region
Common for fats, oils

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 (FAMESs), 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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GAS CHROMORAAGHY (GC) HIGH-PEIFORMANCE LIQUID

Principle CHOMOTRAAGGHY
Separation based on volaility. Separation based on polarity/size.
(derivatized). Suitable for non-volatle compounds.
Target Lids Analyzes intact lipids
Fatty Acid Methyl Estres (FAMEs) Triacltyclergols TAGs
Some Sterols Phoshiphlids

Glycolipis
Excellent for fatty acid acid Intact Lipids
profiling Fat-Soluble Vitamins
Established methods Preparative capabilities
Applications TAGs profilling
Fatty acid composition Polar lipiid analysis
Trans fat analysis Vitamin E/A quantification
Quantification of sterols Oxidation products

Table 4.2 Chromatographic methods for lipid characterisation
Pilot questions 4.3
1. What does the iodine value measure in fats and oils?
Which titrimetric value indicates the amount of free fatty acids present?
Name one spectroscopic method used to study lipid functional groups.

What type of lipid components are analysed using gas chromatography?

A

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.

-

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



Fill in the blank: The deterioration of fats and oils due to oxidation, resulting in off-flavours and
odours, is called

1. INITIATION & PROPAGATION
(RADICAL CHAIN REACTION)

3. TERMINATION

. R Lipid (H — -
/vL\=>/\\/\”» \ °)C:/lk° » G-.,

0 ~o’ Non-Radical ’
Radical ) ¢ Radeal «{ Q\_/) & (c) & Product b l
O o o

« Leads Two radicals

« Unsuatrated lipids react ;:ldehels o i combine from form

free radicals » Peryxal racicals absract H =

‘ Hydroperpoides (LOOH) for.m stable products
« Physical. separation of lipid ) Acids
4 x + Hydroheroiwes break down

radicals (L°) down « Shortens product shelf-life

« Reaction of oxygen - Peryxal » Formation with voltable Mild conditions
. LOO°) 4 . off-flavor compaunds ) L )

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

KEY LIPID COMPONENTS FOR LABBELING

COMRIERT IMPORTANCE

Sum of all fats. Energy Sum of all fats. (39 kcAl/g). Reference daily

. soures (e.g, 65g/day). values (e.gé (<10al calories).

Saturated Fat (g)

No double bonds. One double bonds. Contributes to LDL <10%
sattatedifatic) LDL cholesterol. HDL.

Ratificial (PHOS) & natural. ~ Often LDL, lowers HDL. Oftenad or restricted
Trafis Fat(z) (<10% total calories). (Og limit).
Monuwsaturated (g) One double bond (e.g. Har:healthy fat. Found in olive oil,

Oleic acid). avocados.

Multiple doulbles, Storel, not a fat. Founimal products,
Polyusatunited Fat (e.Omega-3,6). fish, nut, seds

Essential fatty acids. High intake link to heart disease. Limit
Chiclescefol (me) in fish, nuts, seeds (e.g, <300mg/day).

4.4.3 Case studies.in food industry applications

Lipid characterisation plays a vital role in food industry applications. For example, in dairy
products, monitering 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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KEY APPLICATIONS & EXAMPLES

* DAIRY INDUSTRY:

* Authentiation & Aduteration: Detect butterfat in cheese, vegetable oil milk powder
* Shelf-Life & Stablity: Arontivecity in milk, cream and cheese during storage

* Nutritional Profiling: Quantiify fatty acid composition (e.g., CLA) in
yogurt and dairy products

* MEAT INDUSTRY:

* Quality Control: Assess fat cortent, marbling, and texture in
fresh meats

* Processed Meats: Monitor lipid oxtation and flavor changes in sausged meats
Health & Nutritionts fat cortent and omega-3s in meat products

* BAKERY INDUSTRY:

* Product Development: Optimize fat type content for desired texture in cakes in
irakes & cokies

* Frying Fats: Monitor degaration of frying oils (eg, polar compunds & safety
« Shelf-Life Extension: Identify oxtation products caising off-flavors in baked goods
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?
Name one indicator used to monitor lipid oxidation.
Which lipid components must be measured for accurate nutritional labelling?

Give one example of how lipid analysis is applied in the dairy industry.

A

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
(FAMESs), providing detailed information about fatty acid composition.

Gravimetric method: A technique that measures total lipid content by weighing extracted lipids.

High-performance liquid chromatoegraphy (HPLC): A chromatographic method used to
separate and analyse triglycerides, phospholipids, and sterols with high sensitivity.

Todine 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 titrimetriec 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

1. 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. Basicresponse: 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
P
D
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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.

Eal

5.

Non-polar solvents.
Simple, compound, and derived lipids.
Bound lipids.

Energy supply.
Vitamin K.

Part 4.2: Methods of Extraction and Separation

1.
2
3.
4

S.

Hexane.

Bound lipids.

Lipases.

Thin-layer chromatography (TLC).

It provides high resolution and sensitivity for lipid profiling.

Part 4.3: Analytical Techniques for Lipid Characterisation

1.

-

Unsaturation.

Acid value.

Infrared (IR) spectroscopy.

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.
Peroxide value.
Total fat, saturated fat, trans fats, and essential fatty acids.

Monitoring lipid oxidation to ensure flavour stability.

A

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. 1t includes suggested open educational resources (OERs); illustration prompts, and notes
on Al-generated placeholders. The referencing style applied here follows APA guidelines for
clarity and consistency.

General References

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

e Gunstone, F. D. (2002). Lipid analysis (3rd ed.). Cambridge: The Royal Society of
Chemistry.

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

o World Health Organization & Food and Agriculture Organization of the United Nations.
(2020). Codex Alimentarius: International food standards. Rome: FAO/WHO.

Illustration Attributions

o Figure 4.1 Classification of lipids in food systems Al-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”.

o Plate 4.1 Examples of free and bound lipids in food systems Al-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”.

e Box 4.1 Nutritional and functional roles of lipids Al-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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o Figure 4.2 Solvent extraction process for isolating lipids Al-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”.

e Plate 4.2 Mechanical and enzymatic release of bound lipids Al-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”.

o Table 4.1 Chromatographic techniques for lipid separation Al-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”.

o Figure 4.3 Gravimetric and titrimetric methods for lipid characterisation Al-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™.

o Figure 4.4 Spectroscopic methods for lipid characterisation Al-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”.

e Table 4.2 Chromatographic methods for lipid characterisation Al-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”.

o Figure 4.5 Stages of lipid oxidation and rancidity in food systems Al-generated
placeholder. Prompt: “Generate a labelled diagram showing lipid oxidation stages and
rancidity developmentin food.” Suggested OER search string: “lipid oxidation rancidity
food chemistry diagram OER”.

o (Table 4.3 Lipid components required for nutritional labelling Al-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”.

e Box 4.4 Selected case studies of lipid analysis in food industries Al-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
Course title: Basic Food Chemistry
Course credit load: 2 units

List of Series:

21. Principles of Proximate Analysis in Food Chemistry

22. Determination of Food Constituents and Contaminants

23. Protein Analysis Methods Beyond Kjeldahl

24, Characterization of Free and Bound Lipids

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

Part 5.1: Introduction to Sugar Determination in Food Chemistry
e Sub-Part 5.1.1: Importance of sugar analysis in food systems
e Sub-Part 5.1.2: Types of sugars commonly analysed (reducing and non-reducing)
e Sub-Part 5.1.3: Overview of classical and modern sugar determination methods
Part 5.2: Lane & Eynon Method
e Sub-Part 5.2.1: Principle of the Lane & Eynon titrimetric method
e Sub-Part 5.2.2: Procedure and reagents used
e Sub-Part 5.2.3: Applications and limitations
Part 5.3: Munson & Walker Method
e Sub-Part 5.3.1: Principle of the gravimetric approach
e Sub-Part 5.3.2: Step-by-step procedure
e [ Sub-Part 5.3:3: Advantages and disadvantages in food analysis
Part 5.4: Dubois Method (Phenol-Sulphuric Acid Method)
e . Sub-Part 5.4.1: Principle of colourimetric sugar determination
e  Sub-Part 5.4.2: Procedure and instrumentation

e 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 Qutcomes

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,

SL.O 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.

1. NUTRITIONAL 2. QUALITY 3. PRODUCT
LABELING CONTROL FORMULATION
] /
* Compliance with regulations * Sweetness Consistency * Texture & Mouthfeel
* Total Sugars (g) * Aduttration Detection * Color & Flavor Development
* Added Sugars (g) * Fermentation Monitoring » Water Activity Control
* Calorie Information * Shelf-Life Stability * Crystalization Prevention

il
IR

4 Bl|la 7

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(ll) 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 areused 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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REDUING SUGARS NON-REDUCING SUGARS

Principle Possess a free anoneric carbon Anorreric carbons are bonded,
that can aan act a preventing them acting of ing a
reducing agent. reducing agents
Exampical Free Aldhede (-CHO) or No free aldlede or ketone groups
Groun Group Gcose, Fructoso, Galactose, Sucree, Trehalose, Raffionse,
Maltose, Lactose, Lactose. Starch
Analytical Detected via coloriimetic assays Must be hyolorized (e..g. acid, enzyme) to
Significance (e.gl, Fehling’s, Benedict’s, DNS). release reducing sugars for detection.
DNS). Important for fermentation, Important for total sugar content and
browions, and quality sweetness

quality control.

PRINCIPLE: Sugars are classified based their ability a reduce other compounds,

impounds, impacting their detection methods.

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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CLASSICAL WET CHEMISTRY METHODS

1. Titrimetric Methods
* Fehling's/Bendict’s (reducing sugars)
* Lane-Eynon (reducing sugars)

2. Gravimertic Methods
* Munson-Walker (reducing sugars)

3. Spectophthtomertic
* Anthrone-Sulfruic Acid
* Anthrone-Sulfruic Acid (total sugars)
* DNS Method (reducing sugars)

MODERN INSTRUMENTAL METHODS

1. Chromatrgraphic
* HPLP-RID/PAD (mono/di/oligascharides)
¢ GC-FID/MS (derivatized sugars)

2. Enzymatic Assays
* Glucose/Fructose/Sucrose Kits (specific
(specific sugars)

3. Physical Methods
* Polarimetry (sucrose, optical rotation)
 Refractometry (Brix, total soluble solids)

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(Il)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(Il) 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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1. REDUCING SUGAR SOLUTION 2. COPPER(I! REAGENT (BLUE) 3. ENDPOINT & CALCURATION

1
|

=

N
\ Brick-Red Cu,0
Fehling's A+B Preciptate
Heat . ‘
‘ (s
- == |
&
|
|

>
« Contains reducing sugars Fehling's/Benediict's Titrant (Sugar Solution)
(ee|, Glucose)
« Sample is tritated . ot 5 o 1
(added dropwise) Bu (o) + Reduging Suger:+ O = * Blue color disappars (endpint
Oxidzed Sugar + H,0 : :
Vol. of sugar solution used is measured

Regent

« Cu? (blue) is reduced to Cu"
Lo Calculation: Sugar Conc. = (Factor) X Dilution

Result: % Reducing Sugar

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(Il) 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.
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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?
Which reagent is used in the titration process of this method?
What indicator dye is used to detect the endpoint?

Name one food product where the Lane & Eynon method is commonly applied.

A

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(Il) ions. in ancalkaline 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(l)

-
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1. REACTANTS 2. REACTION 3. RESULT

Reducing Sugar (eg),
- Free Aldehide Group

(Giuonic Acid)

Fehling/Benedict's , Positive Test: Brick-Red
Reegent

|| Oxized Sugar Copper(l) Oxide (Cu,0)
Cu? (Gluonic Acid) Preciptate
Cu? (blus)

Alkarine solution Cu?? (blue) is reduced to Indicates presence of reducing
(NAOH/KOH) Cu® red) sugars

Figure 5.3 Principle of un &Mer g;avimetric method

5.3.2 Step-by-step procedure

The procedure begins with preparing the food sample and adding it to a solution containing

s. The mixture is heated, allowing reducing sugars to react

ction with alkaline copper reagent.
eating to promote reduction.

iltration and washing of the precipitate.
e 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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Q

P 3 La 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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ADVANTEES DISAVANTAGES

1. Classical, established method 1. Time-constning & labor-intensive
2. High precision & accuracy for 2. Requires careful technique &
reducing sugars training

3. No need for expensive instrumetation 3. Not specific for individual sugars

4. Suitable for complex food 4. Intereefence from other reducing
food matrices (unless separated)

5. Can be used to total sugar after 5. Use of hazarrdus chemicals (strong
hydIrosis acids/bases)

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?
Which precipitate is formed when reducing sugars react with copper(Il) ions?
What is done to the precipitate before weighing?

Name one food product where the Munson & Walker method can be applied.

A

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?
What colour is produced when carbohydrates react with phenol and sulphuric acid?

At what wavelength is absorbance measured in the Dubois method?

Sl

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(Il) 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(Il) 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(Il) 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(Il) 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)
(Cinked 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(Il) 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(ll) ions, detected by methylene blue. It 1s 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(Il) ions, filtering, drying, and weighing copper(l) 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, makingit-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.

Copper(I) oxide.

Washed, dried, and weighed.

Sl

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 Al-generated placeholders. The referencing
style applied here follows APA guidelines for clarity and consistency.

General References

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

e Nielsen, S. S. (2017). Food analysis laboratory manual (3rd ed.). Cham: Springer.
e James, C. S. (1995). Analytical chemistry of foods. London: Blackie Academic &

Professional.
)
e

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



o World Health Organization & Food and Agriculture Organization of the United Nations.
(2020). Codex Alimentarius: International food standards. Rome: FAO/WHO.

Illustration Attributions

o Figure 5.1 Importance of sugar analysis in food chemistry Al-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”.

e Table 5.1 Types of sugars commonly analysed in food chemistry Al-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”.

e Box 5.1 Classical and modern sugar determination methods Al-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”.

e Figure 5.2 Principle of the Lane & Eynon titrimetric. method Al-generated placeholder.
Prompt: “Generate a labelled diagram showing reducing sugars reacting with copper(Il)
ions in the Lane & Eynon method.” Suggested OER search string: “Lane and Eynon
method principle reducing sugars diagram OER”.

e Plate 5.2 Laboratory setup for Lane & Eynon titration method Al-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”.

e Figure 5.3 Principle of the Munson & Walker gravimetric method Al-generated
placeholder: Prompt: “Generate a labelled diagram showing reducing sugars reacting with
copper(l)ions to form copper(I) oxide precipitate.” Suggested OER search string:
“Munson and Walker method principle reducing sugars gravimetric diagram OER”.

e _Plate 5.3 Laboratory procedure for Munson & Walker method Al-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”.

e Box 5.2 Advantages and disadvantages of the Munson & Walker method Al-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”.

e Figure 5.4 Principle of the Dubois phenol-sulphuric acid method Al-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”.

e Plate 5.4 Laboratory setup for Dubois phenol-sulphuric acid method Al-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’’.
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