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A-level Food and Nutrition
SENIOR Five term 2
TOPIC 2/3: Heat and Thermodynamics in Food Production

Competency: The learner applies heat and thermodynamics principles to manage cooking
processes, optimises energy use, and controls temperatures for efficient kitchen operations.

States of matter in food nutrition

There are three states of matter in food and this is how these states of matter influence the
way we consume, process, and absorb nutrients:

1. Solids
Examples in Food: Grains (maize, millet, rice), bread, meat, nuts, fruits, vegetables.
Nutritional Role:
o Provide macronutrients (carbohydrates, proteins, fats) and micronutrients (vitamins,
minerals).
o Solid foods often require chewing and digestion, which slows nutrient release and
provides satiety.

Applications in Nutrition:

o Storage stability (dry grains resist spoilage).
o Texture and palatability influence dietary choices.

2. Liquids

Examples in Food: Milk, juices, soups, oils, water.



Nutritional Role:

o Rapid nutrient absorption (e.g., glucose in fruit juice).

o Provide hydration and electrolytes.

o Oils supply essential fatty acids and fat-soluble vitamins (A, D, E, K).

Applications in Nutrition:

o Used in infant feeding (milk).
o Important in clinical nutrition (oral rehydration solutions, broths).

3. Gases

Examples in Food: Carbon dioxide in bread (from yeast fermentation), fizzy drinks,
whipped cream, air in ice cream.

Nutritional Role:

o Gases themselves don’t provide nutrients but affect texture, volume, and sensory
appeal.
CO; in baking makes bread light and fluffy.
Aeration in foods improves palatability and digestion.

Applications in Nutrition:

o Fermentation produces gases and also enhances nutrient bioavailability (e.g.,
sourdough bread improves mineral absorption).

4. Special States in Food Science

Plasma state (rare in food): Not directly nutritional but used in food sterilization (plasma
technology for microbial control).

Colloids: Many foods are colloidal mixtures (milk = fat droplets in water, mayonnaise = oil-
in-water emulsion). These states influence nutrient stability and absorption.
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Summary Table

State Food Examples Nutritional Role
Solid Grains, meat, fruits Macronutrients, satiety
Liquid Milk, juices, oils Hydration, rapid

absorption
Gas Bread, fizzy drinks, ice Texture, palatability
cream
Colloids Milk, mayonnaise Nutrient stability
Conclusion

Applications
Storage, texture

Infant feeding, clinical
nutrition

Baking, fermentation

Emulsions, food processing

In food nutrition, solids provide bulk and essential nutrients, liquids hydrate and deliver fast-
absorbing nutrients, and gases enhance texture and sensory qualities. Together, these states
of matter shape the nutritional value, digestibility, and enjoyment of food.

Effect of heat in food nutrition

Heat in food preparation has both positive and negative effects: it improves digestibility, flavor,
and safety by killing harmful microbes, but it can also degrade sensitive nutrients such as
Vitamin C, B1, and folate. The impact depends on cooking method, duration, and temperature.

Positive Effects of Heat on Food Nutrition

(i)  Improved digestibility: Cooking softens fibers and denatures proteins, making foods

easier to chew and absorb.

Example: Heat breaks down starch in maize or rice into more digestible forms.

(i) Enhanced bioavailability: Some nutrients become more available after heating.

Example: Lycopene in tomatoes and beta-carotene in carrots are better absorbed after

cooking.

(i) Food safety: Heat destroys harmful microorganisms (E. coli, Salmonella, Listeria), reducing

risk of foodborne illness.

(iv)  Flavor and texture: Heat develops appealing flavors (Maillard reaction in bread crusts,

caramelization in sugars).
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Negative Effects of Heat on Food Nutrition

(i) Loss of water-soluble vitamins: Vitamin C and B-complex vitamins (B1, B9) are highly
heat-sensitive and leach into cooking water.

(ii)  Protein denaturation: While helpful for digestibility, excessive heat can reduce protein
quality.

(iii) Mineral losses: Minerals are generally heat-stable, but prolonged boiling can cause
leaching into cooking water.

(iv) Fat oxidation: High heat can degrade unsaturated fats, reducing nutritional quality and
producing harmful compounds.

Cooking Methods and Nutrient Impact

Cooking Method Nutrient Effect Example
Boiling Major loss of Vitamin C, B1, folate (leach into water) Boiled vegetables
Steaming Better nutrient retention, minimal leaching Steamed spinach
Roasting/Baking Enhances carotenoids, but may reduce Vitamin C Roasted carrots
Frying Adds fat, may oxidize oils, moderate vitamin loss Fried fish
Microwaving Short cooking time preserves vitamins Microwaved broccoli

Balancing Heat Use in Nutrition

(i)  Use minimal water when boiling to reduce vitamin leaching.

(ii)  Prefer steaming or stir-frying to preserve water-soluble vitamins.

(iii) Cook tomatoes, carrots, and pumpkins to enhance carotenoid absorption.

(iv) Avoid overheating oils to prevent fat oxidation.

(v) Combine raw and cooked foods in meals to balance nutrient retention and bioavailability.

Conclusion

Heat is a double-edged tool in food nutrition: it makes food safer and more digestible, but can
destroy fragile vitamins and alter fats. The key is to choose cooking methods wisely—steaming,
stir-frying, and short cooking times preserve nutrients, while controlled heating enhances
bioavailability of certain compounds.

Principles of expansion and their application in food nutrition

The principles of expansion (solids, liquids, gases) have direct and indirect relationships with
food nutrition and food production:
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Expansion in Solids

Principle: Solids expand slightly when heated because their particles vibrate more
vigorously.

Application in Food Nutrition:

o Thermostats in appliances: Bimetallic strips (two metals expanding at different rates)
regulate temperature in ovens, kettles, and fryers, ensuring food is cooked safely and
evenly.

o Food packaging: Solid containers (like metal cans) expand with heat during
sterilization, which must be accounted for to prevent bursting.

Expansion in Liquids

Principle: Liquids expand more than solids when heated because particles move more
freely.

Application in Food Nutrition:

o Cooking processes: Milk, soups, and sauces expand when heated, requiring careful
control to prevent boiling over and nutrient loss.

o Thermometers: Mercury or alcohol expansion is used to measure cooking
temperatures, ensuring foods reach safe levels for nutrient preservation and microbial
safety.

o Pasteurization tanks: Engineers account for liquid expansion during heating to avoid
overflow and maintain consistent nutrient quality.

Expansion in Gases

Principle: Gases expand greatly when heated because particles move rapidly and spread
apart.

Application in Food Nutrition:

o Baking: Expansion of gases (CO, from yeast or baking powder) makes bread and cakes
rise, improving texture and digestibility.

o Pressure cooking: Steam expansion increases pressure, cooking food faster while
preserving heat-sensitive nutrients.

o Fermentation: Gas release (CO,) improves flavor and nutrient bioavailability in foods
like yogurt, beer, and sourdough bread.

o Refrigeration and freezing: Controlled gas expansion/compression cycles regulate
cooling, preserving food nutrients.
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Summary Table

State of Principle of Expansion Food Nutrition Application
Matter
Solids Small, predictable Thermostats in ovens/kettles, safe packaging
expansion
Liquids Moderate expansion Thermometers, boiling control, pasteurization
Gases Large expansion Baking (bread rise), pressure cooking, fermentation,

refrigeration

Conclusion
Expansion principles are fundamental to food nutrition and production.

e Solids (thermostats) ensure precise cooking temperatures.

e Liquids (thermometers, boiling control) safeguard nutrient retention.

¢ Gases (baking, fermentation, pressure cooking) enhance food texture, flavor, and

nutrient availability.

Terminologies of Temperature and phases changes
Difference between melting and cooling

Melting

Definition: The process where a solid changes into a liquid at a constant temperature or
freezing point when heat is applied.

Cause: Occurs when the solid absorbs enough energy to overcome the forces holding its
particles together.

Example in Food:

o Butter melting into liquid fat when heated.
o Ice turning into water at 0 °C.

Nutritional Relevance: Melting affects texture and usability of foods (e.g., cheese in cooking,
chocolate tempering).
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Cooling

Definition: The process of reducing the temperature of a substance, which may lead to
solidification or simply lower energy levels.

Cause: Occurs when heat energy is removed from a substance.
Example in Food:

o Hot soup cooling to room temperature.
o Water cooling and eventually freezing into ice.

Nutritional Relevance: Cooling preserves nutrients by slowing microbial activity (e.g.,
refrigeration of milk, vegetables, and meat).

Summary table

Aspect Melting Cooling

Process Solid = Liquid when heat is Reduction in temperature of substance.
applied.

Temperature It occurs at constant It occurs at any temperature other than
temperature or freezing point melting and boiling points

Energy Flow Heat absorbed Heat released/removed

Direction Increases particle movement Decreases particle movement

Food Example Ice melting into water Soup cooling after cooking

Nutritional Changes texture, aids cooking Preserves food, slows spoilage

Impact

Difference between evaporation and boiling

Evaporation

Definition: Slow process where liquid molecules at the surface escape into the air.
Conditions: Occurs at any temperature below the boiling point.

Energy Source: Uses heat from the surroundings (no external heating required).
Speed: Gradual and slow.

Examples in Food:

o Water evaporating from fruits during drying.

o Moisture loss when milk is left uncovered.
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o Sun-drying grains or fish.
Boiling
Definition: Rapid process where liquid molecules throughout the entire liquid turn into gas.

Conditions: Occurs at constant temperature i.e. boiling point (e.g., 100 °C for water at sea
level).

Energy Source: Requires continuous external heating.
Speed: Fast and vigorous, with bubbles forming.
Examples in Food:

o Boiling beans or rice during cooking.

o Pasteurization processes using boiling water.
o Preparing soups and stews.

Aspect Evaporation Boiling
Where it At the surface only Throughout the liquid
occurs
Temperature At any temperature below boiling At constant temperature or boiling
point point
Speed Slow, gradual Fast, vigorous
Energy source | Surroundings Continuous external heating
Food example | Sun-drying fish Boiling beans

Differences between condensation and distillation
Condensation
Definition: The process where a gas or vapor changes into a liquid when cooled.

Principle: Occurs when vapor loses heat energy, molecules slow down, and intermolecular
forces pull them together into liquid form.

Examples in Food Production:

o Steam condensing on food during steaming, transferring heat.
o Condensation in milk powder production (milk vapor condensed into liquid before drying).
o Water droplets forming on cold surfaces in food storage.

Role in Nutrition: Helps in cooking (steam transfer), cooling, and preservation processes.
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Distillation

Definition: A separation process that uses evaporation followed by condensation to isolate
components based on boiling points.

Principle: A liquid mixture is heated until one component vaporizes; the vapor is then
condensed back into liquid and collected separately.

Examples in Food Production:
o Distillation of alcoholic beverages (e.g., spirits like whiskey, gin).
o Extraction of essential oils and flavor compounds (vanilla, citrus oils).

o Purification of water for food processing.

Role in Nutrition: Produces concentrated flavors, safe drinking water, and specialized food
ingredients.

Aspect Condensation Distillation

Definition The process where a gas or vapor Evaporation + Condensation for
changes into a liquid when cooled separation
Purpose Phase change only Separation/purification of mixtures
Energy Flow Heat removed Heat added (evaporation) then
removed (condensation)

Food Example Steam condensing on vegetables Distilling alcohol or essential oils
Nutritional Heat transfer, preservation Flavor concentration, purification
Impact

Differences between humidity and damp

Humidity

Definition: The amount of water vapor present in the air.

Nature: A measure of atmospheric moisture, expressed as a percentage.

Occurrence: Natural environmental condition, influenced by temperature and weather.
Examples:

o High humidity in tropical climates (like Uganda) makes the air feel heavy and sticky.
o Low humidity in deserts causes dry skin and dehydration.
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Impact on Food & Nutrition:

o High humidity accelerates food spoilage (mold growth on bread, damp grains).
o Controlled humidity is crucial in food storage (e.g., grain silos, cold rooms).

Damp

Definition: The presence of excess moisture or wetness on surfaces, materials, or spaces.
Nature: A physical condition of objects or environments, not the air itself.

Occurrence: Results from water leakage, condensation, or poor ventilation.

Examples:

o Damp walls in kitchens due to condensation.
o Damp clothes when not dried properly.

Impact on Food & Nutrition:
Damp storage areas encourage mold, bacteria, and pest infestation.
Damp grains or flour clump together, reducing quality and safety.

Key Differences
Aspect Humidity Damp

Definition Water vapor in the air Excess moisture on surfaces/materials

Measurement Expressed as % (relative humidity) Observed physically (wetness, mold)

Occurrence Atmospheric condition Localized condition (walls, food, clothes)
Food Impact  Spoilage due to moist air Spoilage due to wet storage surfaces
Example Humid tropical weather Damp grain sacks in storage

Conclusion

. Humidity is about moisture in the air, while damp is about moisture in materials or
spaces.

. Both can negatively affect food nutrition and storage by promoting microbial growth and
spoilage, but they operate at different levels—humidity is environmental, damp is
localized.
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Application of phase changes in the various food production processes and
technologies.

Phase changes (solid ¢ liquid € gas) are fundamental to food production and nutrition.
Below are the principles and applications of these changes in food processes and technologies:

Principles of Phase Changes

(i) Melting (solid - liquid): Heat energy breaks bonds, turning solids into liquids.

(ii)  Freezing (liquid -» solid): Removal of heat causes liquids to solidify.

(iii) Evaporation/Boiling (liquid - gas): Heat converts liquids into vapor.

(iv) Condensation (gas -» liquid): Cooling vapor back into liquid.

(v)  Sublimation (solid - gas): Direct transition without passing through liquid phase.
(vi) Deposition (gas -» solid): Gas turning directly into solid.

Applications of the knowledge of phase changes in Food Production
1. Melting

¢ Chocolate tempering: Controlled melting ensures smooth texture and glossy finish.
¢ Butter and fats: Melting helps in baking, frying, and flavor release.
¢ Cheese processing: Melting alters texture for spreads and sauces.

2. Freezing

e Food preservation: Freezing fruits, vegetables, meat, and fish slows microbial growth.

e Ice cream production: Controlled freezing creates smooth texture by preventing large
ice crystals.

¢ Cold chain technology: Maintains nutrient quality during storage and transport.

3. Evaporation & Boiling

e Cooking grains and legumes: Boiling softens starch and proteins, improving digestibility.

e Concentration of foods: Evaporation in milk (condensed milk) or fruit juices increases
nutrient density.

o Sterilization: Boiling water kills pathogens, ensuring food safety.

4. Condensation

¢ Milk powder production: Evaporated milk vapor is condensed to form powder.
« Distillation in beverages: Condensation of vapors produces spirits and flavor extracts.
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¢ Steam cooking: Condensed steam transfers heat efficiently to food.

5. Sublimation

o Freeze-drying: Used for coffee, powdered milk, and instant soups. Removes water
directly from frozen state, preserving flavor, nutrients, and shelf life.

6. Deposition
e Food freezing in cold storage: Water vapor in air deposits as frost on frozen foods.
e Cryogenic freezing: Liquid nitrogen rapidly cools food, sometimes causing deposition of

gases on surfaces.

Summary Table for the application of knowledge for phase changes in food production

Phase Change Principle Food Application
Melting Solid = Liquid Chocolate tempering, butter in baking
Freezing Liquid - Solid Food preservation, ice cream

Evaporation/Boiling Liquid > Gas  Cooking grains, juice concentration

Condensation Gas - Liquid  Milk powder, distillation, steam cooking
Sublimation Solid - Gas Freeze-drying coffee, milk powder
Deposition Gas - Solid Frost in cold storage, cryogenic freezing
Conclusion

Phase changes are essential in food production technologies. They influence texture, flavor,
preservation, and safety. From boiling beans to freeze-drying coffee, these processes ensure
food is nutritious, safe, and appealing.

Modes of Heat Transfer

1. Conduction (solids)
Principle: Heat is transferred through direct contact between particles in a solid.
How it works: Molecules vibrate and pass energy to neighboring molecules.
Kitchen Applications:
o Cooking food in a pan on a stove (heat moves from the metal pan to the food).

o Knife warming when placed near heat.
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o Baking trays conducting heat to cookies or bread.
2.  Convection (liquids and gases)
Principle: Heat is transferred by the movement of fluids (liquids or gases).
How it works: Warm fluid rises, cooler fluid sinks, creating a circulation current.
Kitchen Applications:
o Boiling water: Heat circulates, cooking pasta or beans evenly.
o Soup simmering: Convection currents distribute heat throughout the liquid.
o Convection ovens: Fans circulate hot air, cooking food faster and more evenly.
o Fan :removes hot air from the kitchen and replaces it with cool air

3. Radiation (gases/space)

Principle: Heat is transferred by electromagnetic waves (infrared radiation), without
needing a medium.

How it works: Energy travels directly from the source to the food.
Kitchen Applications:
o  Grilling/barbecuing: Heat radiates from charcoal or gas flames to the food.
o Microwave ovens: Use electromagnetic waves to excite water molecules in food.

o Toasters: Radiant heat browns bread.

Summary Table

Mode of Heat Transfer Medium Kitchen Application
Conduction Solids Frying pan, baking tray, kettle base
Convection Liquids & gases Boiling soup, convection oven, steaming
Radiation Electromagnetic waves = Grilling, microwaving, toasting
Conclusion

. Conduction ensures direct cooking through solid contact (pan, tray).
. Convection distributes heat in fluids, ensuring even cooking (soups, ovens).
. Radiation delivers energy directly, giving foods crispness, browning, or rapid heating.
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Heat Capacities and their application in food production and processing
Heat capacity

Definition: The amount of heat energy required to raise the temperature of a substance by 1°C.

Principle: Different foods and materials absorb heat at different rates depending on their
composition (water, fat, protein content).

Applications in Food Production

o Cooking foods with high water content: Vegetables and soups have high heat capacity,
meaning they take longer to heat but retain heat well.

o Industrial food processing: Knowledge of heat capacity helps design efficient heating
systems (pasteurization, sterilization).

o Storage and cooling: Foods with high heat capacity (like milk) require more energy loss to
cool, influencing refrigeration design.

Latent Heat

Definition: The amount of heat energy required to change the phase of a substance (solid <>
liquid ¢ gas) without changing its temperature.

Principle: During phase changes, heat is absorbed or released but temperature remains
constant.

Applications in Food Production

o Freezing and thawing: Latent heat of fusion is critical when freezing meat, fish, or ice
cream—energy must be removed to change water into ice.

o Boiling and distillation: large amount of latent heat evaporation of water requires large
input of energy

o Steaming: Large Latent heat of vaporization given out when steam changes to water is
used to cook food (e.g., steaming matoke or vegetables).

o Drying processes: Evaporation of water from grains, fruits, or fish requires latent heat,
influencing drying times and energy costs.

o Freeze-drying: Sublimation (solid = gas) uses latent heat to remove water from foods
while preserving nutrients and flavor.
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Comparison Table

Concept Definition Food Application
Heat Heat needed to raise temperature Cooking soups, designing pasteurization
Capacity by 1°C systems, refrigeration
Latent Heat needed for phase change Freezing meat, steaming vegetables,
Heat without temperature change drying grains, freeze-drying coffee
Conclusion

Heat capacity explains how foods absorb and retain heat, guiding cooking, cooling, and
industrial heating processes.

Latent heat governs phase changes (freezing, boiling, and evaporation), making it essential in
preservation, cooking, and drying technologies.

Thank You

Dr. Bbosa Science
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