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Exercise 1 

 

Purpose of the exercise: Colloids. Colloid systems. 

 

1.1. What kind of systems are colloid systems? 

 Those systems in which the surface plays significant role in their behaviour. 

 Colloids are those (disperse) systems which consist particles in size of 1 nm - 500 nm. 

 The colloid state is independent on the chemical nature, every condensed phase can be 

turned into colloidal system. 

 Greatly influenced by the Brownian motion (thermal motion is larger than sedimentation 

rate). 

 

1.2. Introduce the colloidal systems by structure! 

The colloidal systems by structure have 2 types: incoherent and coherent systems. 

Incoherent systems (“fluid like”) → individual particles  

 Dispersion colloids (phase colloids)  

 Macromolecular colloids (proteins, DNA, RNA polymers) 

 Association colloids (Association of small molecules)  

Coherent systems → (“solid like”) crosslinks (skeleton or network structure)  

 Porodin systems (porous materials)  

 Reticular systems (cross-linked fibrils)  

 Spongoid systems („sponge”-like systems) 

 

1.3. Are the colloid systems are homogeneous or heterogeneous? 

1.4. What are the micelles? Define the critical micelle concentration (cmc)! 

1.5. How would you determine the cmc of an association colloid? 

1.6. What is the definition of colloid macromolecules? 

 

 

Exercise 2 

 

Purpose of the exercise: Category of colloid systems 

 

2.1. Why can we say, that colloids are present in our everyday life? 

 Surface coatings (paints, video tapes, photographic films) 

 Cosmetics and personal care (creams, toothpaste, hair shampoo, shaving cream) 

 Household products (liquid detergents, polishes, fabric conditioners) 

 Agrochemicals (pesticides, insecticides, fungicides) 

 Pharmaceuticals (drug delivery systems, aerosol sprays) 

 Foodstuffs (milk, butter, chocolate ice cream, mayonnaise, bread) 

 Pigmented plastics 

 Fire-fighting foams 

 Also natural systems, such as biological cells, mists and fogs. 
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2.2. Introduce the various types of colloidal systems! 

 

Type Name 
Dispersed 

phase 

Dispersion 

medium 
Examples 

Foam gas liquid whipped cream, shaving cream, soda-water 

Solid foam gas solid froth cork, pumice stone, foam rubber, bread 

Aerosol liquid gas clouds, fog, mists, spray 

Emulsion liquid liquid milk, hair cream 

Solid emulsion liquid solid butter, cheese (gel) 

Smoke solid gas dust, soot in air  

Sol solid liquid paint, ink, colloidal gold 

Solid sol solid solid ruby glass (gold dispersed in glass), alloys 

 

 

2.3. Give an example for association colloid system! 

2.4. Give an example for spongoid coherent system! 

2.5. What is the difference between multimolecular colloids, macromolecular colloids and 

associated colloids (micelles)? 

2.6. What is the difference between hydrophilic and hydrophobic colloids? 

2.7. Explain, which of these systems of colloids are not known to exist? a.) Liquid in Liquid b.) 

Solid in Solid c.) Liquid in Solid d.) Gas in Gas. 

2.8. Identify each of the following examples as being representative of a solution, suspension or 

colloid!  

a.) milk, b.) sugar in water, c.) grape juice with fiber, d.) fruit juice, e.) lemonade with no pulp, f.) 

mayonnaise, g.) paint, h.) ointments, i.) dust, j.) blood, k.) fog, l.) handcreams. 

 

 

Exercise 3 

 

Purpose of the exercise: Suspensions, true solutions and colloidal solutions 

 

3.1. What is the difference between suspensions, true solutions and colloidal solutions? 

 

The similarities and differences between true solution, colloidal solution and suspension are 

summarized in the following table:  
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 True solution Colloidal solution Suspension 

Particle size diameter: <1 nm diameter: 1-500 nm diameter: > 500 nm 

External appearance clear and homogenous clear and homogenous 

opaque and 

heterogenous 

Nature of solution homogenous heterogenous heterogenous 

Stability stable stable not stable 

Number of phase systems one phase system two phase system two phase system 

Visible of particles under 

naked eye/light 

microscope not visible not visible visible 

Visible of particles under 

electron microscope not visible visible visible 

Separation by filtration not possible not possible possible 

Effect of gravity on 

sedimentation will not sediment will not sediment sediment 

Light penetration transparent translucent opaque 

Tyndall effect 

does not exhibit Tyndall 

effect 

exhibits Tyndall effect light van not pass 

through the suspension 

Brownian movement 

particles will not show 

Brownian movements 

particles will show 

Brownian movements 

may or may not show 

Brownian movements 

Example sugar solution in water milk sand dissolved in water 

 

 

3.2. Give an example for lyophobic sol! 

3.3. Give an example for colloid macromolecule system! 

3.4. How can you distinguish between a suspension and a solution? Explain your answer! 

3.5. How big are the particles in a colloid compared to those of a suspension and a solution? 

3.6. What is the Tyndall effect? Why don’t solutions demonstrate the Tyndall effect? 

3.7. Explain the difference between the dispersed phase and the dispersing medium of a colloid! 

3.8. If you add a large spoonful of salt to a glass of standing water, the salt sinks to the bottom. Is 

this a suspension? Explain it! 

 

 

Exercise 4 

 

Purpose of the exercise: Colloidal suspensions 

 

4.1. What is suspension? 

Suspensions are heterogeneous systems containing two phases. The external phase, which is also 

referred to as the continuous phase or dispersion medium, is generally a liquid (e.g., liquid 

suspensions) or semisolid (e.g., gels), and the internal or dispersed phase is made up of particulate 

matter, which is practically insoluble in the external phase. 

The particle diameter in a suspension is usually greater than 500 nm. However, is difficult and 

also impractical to impose a sharp boundary between the suspensions and the dispersions having 

finer particles. Therefore, in many instances, suspensions may have smaller particles than 500 nm 

and may show some characteristics typical to colloidal dispersions, such as Brownian movement. 
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4.2. List some example for food suspensions! 

1. Diluted colloidal suspensions: fruit juices, milk 

2. Medium colloidal suspensions: pulpy fruit products: purees, sauces 

3. Concentrated colloidal suspensions: starch pastes, vegetable pastes 

4. Coarse particles in thin liquids: vegetable soups, fruits in syrups 

5. Coarse particles in viscous liquids: dressing ad mustard with seed, mexican sauces with 

seeds, cream style soups, pasta products in sauces, yogurts with fruits, fruit preserves with 

seeds. 

 

4.3. What distinguishes a colloid from a suspension and a solution? 

4.4. Can a solution be separated by filtration? Explain your answer! 

 

 

Exercise 5 

 

Purpose of the exercise: Colloidal suspensions - Calculations 

 

5.1. How do you calculate the sedimentation velocity in the case of a suspension? 

A commonly accepted theory that explains the settling kinetics in dispersed systems was proposed 

by George Gabriel Stokes. His theory is known as Stokes’ equation or Stokes’ law:  

 

    v = d2·(ρ1 - ρ2)·g = 2·r2·(ρ1 - ρ2)·g 

              18η        9η 

 

 

where “v” is the velocity of sedimentation; “d” and “r” are the diameter and radius of the particle, 

respectively; “ρ1” and “ρ2” are the densities of the dispersed phase and dispersion medium, 

respectively; “g” is the acceleration due to gravity; and “η” is the viscosity of the dispersion 

medium. 

 

5.2. Calculate of the specific surface of the colloid particles if the radius of sphere is 2.5 nm! 

 

Surface area of a sphere with radius r equals to 4·π·r2. 

The volume of this sphere is 4/3·π·r3. 

Ratio of the surface area to volume, therefore, equals to 

 

as = 4·π·r2 / 4/3·π·r3 = 3/r 

 

as = 4 π 2.52 / 4/3·π·2.53 = 3/2.5 = 1.2 

 

5.3. Explain why a mixture of sand and water can be separated by filtration, but a mixture 

of salt and water can’t! 
A mixture of sand and water is a suspension, and a mixture of salt and water is a solution. The 

particles in the sand mixture are much larger than the ions in the salt mixture. The sand particles 

are too large to pass through filter paper; the ions are not. 
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5.4. The size of particles in a lyophobic sol was determined and the concentration of the individual 

particles was calculated. The result is the following:  

 

Diameter of particles (nm) Number of particles (mL) 

3 106 

4 3.5·108  

5 4.2·108  

6 2·107 

7 7·105 

 

Calculate the average particle diameter and the volume average in the sol, assuming spherical 

particle shape (the volume of a sphere: V=4/3·π·r3). 

 

5.5. Calculate of the specific surface of the colloid particles if the radius of sphere is 1.50 nm! 

5.6. Calculate of the specific surface of the colloid particles if the radius of sphere is 3.25 nm! 

5.7. Calculate of the specific surface of the colloid particles if the radius of sphere is 4.50 nm! 

5.8. Calculate the sedimentation rate of a spherical gold particle that has a diameter of 100 nm and 

its density is 20 g·cm-3 in water. The density of water is 1 g·cm-3, its viscosity is 10-3 Pa·s, the 

Brownian motion is neglected, kB = 1.38 10-23 J·K-1. 

5.9. Compare the rate of Brownian motion with the rate of sedimentation in case of silver colloid 

particles, if the diameter of silver is 20 µm and its density is 10 g·cm-3. For the calculations 

suppose an aqueous medium, where the density of water is 1 g cm-3 and its viscosity is 10-3 Pas, 

kB = 1.38 10-23 J·K-1. 

 

 

Exercise 6 

 

Purpose of the exercise: Aerosols  

 

6.1. What is aerosol? 

An aerosol is defined as a suspension system of solid or liquid particles in a gas. An aerosol 

includes both the particles and the suspending gas, which is usually air. 

Various types of aerosol, classified according to physical form and how they were generated, 

include dust, fume, mist, smoke and fog. 

A fog is an aerosol of liquid particles, in particular a low cloud. 

A smoke is an aerosol originating from combustion, thermal decomposition or thermal 

evaporation. Its particles may be solid (magnesium oxide smoke) or liquid (tobacco smoke). 

 

6.2. What is the meaning of deposition in aerosol physics? 

In aerosol physics, deposition is the process by which aerosol particles collect or deposit 

themselves on solid surfaces, decreasing the concentration of the particles in the air. It can be 

divided into two sub-processes: dry and wet deposition. The rate of deposition, or the deposition 

velocity, is slowest for particles of an intermediate size. Mechanisms for deposition are most 

effective for either very small or very large particles. Very large particles will settle out quickly 

through sedimentation (settling) or impaction processes, while Brownian diffusion has the greatest 

influence on small particles 
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6.3. What is the deposition velocity and how can you calculate it? 

Deposition velocity is defined from F = v·c,  

where  

 F = flux density 

 v = deposition velocity  

 c = concentration 

In gravitational deposition, this velocity is the settling velocity due to the gravity-induced drag. 

 

6.4. What can cause dry deposition in the case of aerosols? 

 Gravitational sedimentation – the settling of particles fall down due to gravity. 

 Interception. This is when small particles follow the streamlines, but if they flow too close 

to an obstacle, they may collide (e.g. a branch of a tree). 

 Turbulence. Turbulent eddies in the air transfer particles which can collide. Again, there is 

a net flux towards lower concentrations. 

 Other processes can also lead to dry deposition, such as: thermophoresis, turbophoresis, 

diffusiophoresis and electrophoresis 

 

6.5. What is wet deposition and what can cause wet deposition in the case of aerosols? 
In wet deposition, atmospheric hydrometeors (rain drops, snow etc.) scavenge aerosol particles. 

This means that wet deposition is gravitational, Brownian and/or turbulent coagulation with water 

droplets. Different types of wet deposition include: 

 Below-cloud scavenging. This happens when falling rain droplets or snow particles collide 

with aerosol particles through Brownian diffusion, interception, impaction and turbulent 

diffusion. 

 In-cloud scavenging. This is where aerosol particles get into cloud droplets or cloud ice 

crystals through working as cloud nuclei, or being captured by them through collision. 

They can be brought to the ground surface when rain or snow forms in clouds. Within 

aerosol computer models aerosols and cloud droplets are mostly treated separately so that 

nucleation represents a loss process that has to be parametrised. 

 

6.6. List some examples for aerosols in food industry! 

6.7. How do you calculate the sedimentation velocity in the case of aerosols? 

 

 

Exercise 7 

 

Purpose of the exercise: Emulsions 

 

7.1. List the main types of emulsion! 

 oil in water (O/W): Oil droplets dispersed in water. Mayonnaise, salad dressings, milk, 

soups, sauces.  

 water in oil (W/O): Water droplets dispersed in oil. Margarine, butter, spreads. 

 multiple emulsions (e.g. W/O/W emulsions, O/W/O emulsions). 
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7.2. How can you decide the type of an emulsion? 

 Dilution test: based on the solubility of external phase of emulsion. O/W emulsion can be 

diluted with water. W/O emulsion can be diluted with oil.  

 Conductivity test: Water is good conductor of electricity whereas oil is non-conductor. 

Therefore, continuous phase of water runs electricity more than continuous phase of oil.  

 Dye-solubility test: When an emulsion is mixed with a water soluble dye such as amaranth 

and observed under the microscope. If the continuous phase appears red, than it means that 

the emulsion is O/W type as water is the external phase. If the scattered globules appear 

red and continuous phase colorless, than it is W/O type.  

 Fluorescence test: Oils give fluorescence under UV light, while water does not. Therefore, 

O/W emulsion shows spotty pattern while W/O emulsion fluoresces.   

 

7.3. If 1 cm3 of mineral oil is dispersed into globules having diameter 0.01 µm in 1 cm3 water, 

how much will be the surface area increased? 

 

diameter = 0.01 µm          radius = 0.005 µm 

 

Surface area of a sphere with radius r equals to 4·π·r2. 

The volume of this sphere is 4/3·π·r3. 

Ratio of the surface area to volume, therefore, equals to 

 

as = 4·π·r2 / 4/3·π·r3 = 3/r 

 

as = 4 π 0.0052 / 4/3·π·0.0053 = 3/0.005 = 600 

 

The surface area will become 600 m2 (greater than a basketball court). Therefore, emulsions are 

thermodynamically unstable, and the droplets have the tendency to coalesce. 

 

7.4. Explain the cleaning action of soap! 

The following ball (blue for hydrophilic head group) and stick (yellow for hydrophobic tail group) 

diagram (Figure 1.A.) represents the initial interaction of soap on addition to water and material 

with a grease stain: 

When the solution containing soap and water is agitated (stirred vigorously) the interactions of 

hydrophobicity and hydrophilicity become apparent. The hydrophobic, non-polar, tails burrow 

into the greasy, non-polar molecule – like attracting like. In the same way the polar hydrophilic 

head groups are attracted to polar water molecules. The head groups all point up into the water at 

the top of the grease stain (Figure 1.B.). 

The attraction of the head group to the surrounding water, via polar-to-polar interactions, is so 

strong that it causes mechanical lift of the grease molecule away from the material on which it was 

deposited. The hydrophobic tails are anchored into the grease due to non-polar to non-polar 

attraction. In combination, these effects allow for the removal of the grease stain (Figure 1.C.). 
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Figure 1: Cleaning action of soap 

 

7.5. Please list some food examples for emulsion, where the dispersed phase is fat and the 

dispersed medium (continuous phase) is water! 

7.6. Please list some food examples for emulsion, where the dispersed phase is water and the 

dispersed medium is fat! 

7.7. Please list some common non-culinary emulsions! 

7.8. Explain how the properties of emulsions make them suitable for their uses! 

7.9. Introduce the structure of a micelle! 

 

 

Exercise 8. 

 

Purpose of the exercise: Emulsifiers and stabilizers 

 

8.1. What do you know about stabilizers? 

 Stabilizers are generally proteins or polysaccharides supplying long-term emulsion stability, 

possibly by an adsorption mechanism. The main stabilizing action of food polysaccharides is by 

modifying viscosity or gelation in aqueous phase. Proteins act as both emulsifier and stabilizer 

since they have high tendency to adsorb at oil–water interfaces to form stabilizing layers around 

oil droplets .An emulsifier should be surface active, meaning that it has an ability to reduce the 

surface tension at the oil–water interface. The lower the interfacial tension, the greater the extent 

to which droplets can be broken up during intense shear or turbulent flow. 

 

8.2. Explain how do emulsifiers work! What is surface tension? 

8.3. Emulsions are made by mixing oil and water using an emulsifier. Describe how emulsions are 

produced and evaluate the use of emulsifiers in food! 

8.4. What is surface tension and how does a surfactant lower it? 

8.5. How does a surfactant reduce the interfacial tension between oil and water? 

 

 

Exercise 9 

 

Purpose of the exercise: Application of emulsions in food industry. HLB calculations I.  

 

9.1. What is HLB (Hydrophilic-Lipophilic Balance)? 

It is the relative efficiency of the hydrophilic portion of the surfactant molecule to its lipophilic 

portion of the same molecule. 

C B A 
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Each surfactant has a hydrophilic group and a lipophilic group. The hydrophilic group is usually a 

polyhydric alcohol or ethylene oxide. The lipophilic group is usually a fatty acid or a fatty alcohol. 

The lower the HLB value – the more lipophilic or oil soluble the surfactant is. 

The higher the HLB value the more water soluble or hydrophilic the surfactant is.  

HLB value range is between 1 and 20. 

 

9.2. Why can we say, that the HLB value can be used to predict the surfactant properties of 

a molecule? 

 A value from 4-8 indicates an anti-foaming agent 

 A value from 7-11 indicates a W/O (water in oil) emulsifier 

 A value from 12-16 indicates a O/W (oil in water) emulsifier 

 A value from 11-14 indicates a wetting agent 

 A value from 12-15 indicates a detergent 

 A value from 16-20 indicates a solubiliser or hydrotrope 

 

 

9.3. What is the HLB value of a mixture consisting of 40% Span 60 (HLB 4.7) and 60% 

Tween 60 (HLB 14.9)?  

Solution A:  

A: Tween 60 B: Span 60  

 

A = 100 (x – HLB B ) / (HLB A – HLB B ) 

60 = 100 (x – 4.7) / (14.9 – 4.7) 

60 = 100x – 470 / 10.2 

x = 10.82 

Solution B: 

 

HLB mixture = fraction of A HLBA + fraction of B HLBB 

HLB mixture = (0.4 x 4.7) + (0.6 x 14.9)  

HLB mixture = 10.82 

 

Answer: The HLB value of a mixture is 10.82. 

 

9.4. What is the HLB value of a surfactant blend consisting of 20% Tween 20 (HLB 16.7), 

30% Span 20 (HLB 8.6) and 50% Span 80 (HLB 4.3)? 

 

Solution:  

A: Tween 20 B: Span 20 C: Span 80  

 

HLB mixture = fraction of A HLBA + fraction of B HLBB + fraction of C HLBC 

HLB mixture = (0.2 x 16.7) + (0.3 x 8.6) + (0.5 x 4.3) = 8.07 

 

9.5. A mixture of two surface active agents having an HLB value of 13.5, calculate the 

percent of each if it consists of Brij35 (HLB 16.9) and Span 80 (HLB 4.3)? 

Solution: 

 A: Brij 35  B: Span 80  
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A = 100 (x – HLB B ) / (HLB A – HLB B ) 

A = 100 (13.5 – 4.3) / (16.9 – 4.3) 

A = 920 / 12.6 

A = 73.01 % 

B = 100 – A 

B = 100 – 73.01 

B = 26.98 % 

 

9.6. A mixture of two surface active agents having an HLB value of 12.5, calculate the 

percent of each if it consists of Span 80 (HLB 4.3) and Tween 80 (HLB 15.0)? 

 

% (A) = 100 (x – HLBB)  

               HLBA – HLBB 

 

% (B) = 100 – % (A) 

 

 

% Tween 80 = 12.0 – 4.3 = 72% 

                         15.0 – 4.3 

 

% Span 80 = 100 – 72% = 28% 

 

9.7. Calculate the HLB value of the Tween 20 polyoxyethylene sorbitan mono laurate, if the 

saponification number of the ester is 45.4 and the acid number of the recovered acid is 276 

(for a commercial lauric acid)! 

 

HLB values of the most polyol fatty acid esters can be calculated with the formula: 

 

HLB = 20 x (1 – S / A) 

 

where, 

S = saponification number of the ester 

A = acid number of the recovered acid 

HLB = 20 x (1 – 45.5 / 276) = 16.7 

 

9.8. If 1 cm3 of mineral oil is dispersed into globules having diameter 0.02 µm in 1 cm3 water, 

how much will be the surface area increased? 

9.9. If 1 cm3 of mineral oil is dispersed into globules having diameter 0.025 µm in 1 cm3 water, 

how much will be the surface area increased? 

9.10. What is the HLB value of an emulsifier blend consisting of 25% Span 20 (HLB 8.6) and 

75% Tween 20 (HLB 16.7)? 

9.11. Calculate the HLB value of a mixture consisting of 45 g of Span 80 (HLB 4.3) and 55 g of 

polysorbate (Tween 80) (HLB 15)? 

9.12. Calculate the HLB value of a blend comprising 70% of Tween 80 (HLB = 15) and 30% of 

Span 80 (HLB = 4.3)! 

 



  

  

 

 
 

 

13 

 

Exercise 10 

 

Purpose of the exercise: Application of emulsions in food industry. HLB calculations II.  

 

10.1. Calculate the required HLB value for the oil phase of the following O/W emulsion, 

where RHLB of cetyl alcohol is 15, RHLB of white wax is 12 and RHLB for lanolin 

anhydrous is 10. 

Rx 

 Cetyl alcohol   15 g 

 White wax   1 g 

 Lanolin anhydrous  2 g 

 Emulsifier   q.s 

 Glycerin   5 g 

 Distilled water to  100 g 

 

Step 1.: Calculation of the total amount of oily phase. 

The total amount of oily phase is 18 g (Cetyl alcohol 15 g + White wax 1 g + Lanolin anhydrous 2 g) 

 

Step 2.: Calculation of the proportion of each: 

Cetyl alcohol   15/18 x 100 = 83.34%  

White wax   1/18 x 100 = 5.56%  

Lanolin anhydrous  2/18 x 100 = 11.12%  

 

Step 3.: The total required HLB is obtained as follows:  

Cetyl alcohol   83.34/100 x 15 = 12.5  

White wax   5.56/ 100 x 12 = 0.66  

Lanolin anhydrous  11.12 /100 x 10 = 1.11  

Total required HLB = (12.5 + 0.66 + 1.11) =14.27  

 

10.2. Calculate the required HLB value for the oil phase of the following O/W emulsion, 

where RHLB sterayl alcohol 15, RHLB for cetyl alcohol is 15, and RHLB for lanolin 

anhydrous is 10. How many grams of span 80 (HLB 4.3) and how many grams of tween 60 

(HLB 14.9) should be used in formulating 1000 gms of this product? 

Rx  

 Stearyl alcohol  8%  

 Cetyl alcohol   1%  

 Lanolin anhydrous  1%  

 Emulsifier   4%  

 preserved water ad. 100%  

 

Step 1.: Calculation of the total percentage of oily phase.  

The total percentage of the oily phase is 10% (Stearyl alcohol 8% + Cetyl alcohol 1% + Lanolin 

anhydrous 1%) 

 

Step 2.: Calculation of the proportion of each: 

Stearyl alcohol  8/10 x 100 = 80%  
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Cetyl alcohol   1/10 x 100 = 10%  

Lanolin anhydrous  1/10 x 100 = 10%  

 

Step 3.: The total required HLB for the oily phase will be:  

Stearyl alcohol  80/100 x 15 = 12  

Cetyl alcohol   10/100 x 15 = 1.5  

Lanolin anhydrous  10/100 x 10 = 1  

Total required HLB = (12 + 1.5 + 1) = HLB 14.5 

 

10.3. Calculate the required HLB value for the oil phase of the following O/W emulsion: 

 Mineral oil    8% 

 Caprylic/capric triglyceride  2 % 

 Isopropyl isostearate   2% 

 Cetyl alcohol    4% 

 Emulsifiers    4% 

 Polyols    5% 

 Water soluble active   1 % 

 Water     74 % 

 Perfume    q.s. 

 Preservative    q.s. 

 

Step 1.: Calculation of the total percentage of oily phase.  

 Mineral oil    8% 

 Caprylic/capric triglyceride  2% 

 Isopropyl isostearate   2% 

 Cetyl alcohol    4% 

    Total: 16% 

 

Step 2.: Calculation of the proportion of each: 

 

Mineral oil:    8 / 16 = 50% 

Caprylic/capric triglyceride:  2 / 16 = 12.5% 

Isopropyl isostearate:   2 / 16 = 12.5% 

Cetyl alcohol    4 / 16 = 25% 

 

Step 3.: The total required HLB for the oily phase will be:  

 

Mineral oil:    50.0% x 10.5 = 5.250 

Caprylic/capric triglyceride: 12.5% x 5 = 0.625 

Isopropyl isostearate:   12.5% x 11.5 = 1.437 

Cetyl alcohol:    25.0% x 15.5 = 3.875 

Step 4.: Add all values to determine the total required HLB: 
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5.250 + 0.625 + 1.437 + 3.875 = 11.2 

 

10.4. A mixture of two surface active agents having an HLB value of 12.5, calculate the percent of 

each if it consists of Brij 35 (HLB 17.1) and span80 (HLB 4.8)? 

10.5. Give the HLB value of a mixture of surfactants that contains 90% of Span 80 (HLB = 4.3) 

and 10 % of Tween 80 (HLB = 15.0). Can we use this mixture for the stabilization of W/O 

emulsions? 

10.6. We want to prepare a mixture from Tween 20 (HLB = 16.7) and Span 20 (HLB = 8.6), 

where the HLB of the mixture is 12.2. What should be the ratio of Tween 20 and Span 20 in the 

solution expressed in % (m/m)? 

10.7. For the emulsification of a strongly apolar substance (e.g. oil) a solubilizing agent with HLB 

= 14 is needed. How to prepare such mixture from Span 80 (HLB = 4.3) and Tween 80 (HLB = 

15.0)? (What should be the m/m % of the components in the solution?) 

10.8. Calculate the “Required HLB” for the oil phase of the following O/W type lotion, where 

RHLB stearyl alcohol 14, RHLB for white petrolatum is 12, and RHLB for propylene glycol is 10. 

Stearyl alcohol: 250 g; white petrolatum 250 g; propylene glycol: 120 g; emulsifier q.s.; water q.s. 

to 1000 g. Type of emulsion?  

 

 

Exercise 11 

 

Purpose of the exercise: Application of emulsions in food industry. HLB calculations III.  

 

11.1. Calculate the combined HLB of Arlacel 60 and Tween 60 are blended in a 3:1 ratio! 

 

Surfactant HLB 

Arlacel 60 4.7 

Tween 60 14.9 

 

 

f1 x HLB1 + f2 x HLB2 

 

3:4 0.75 x 4.7 = 3.525 

 

1:4 0.25 x 14.9 = 3.725 

 

 

11.2. Calculate the amount of surfactants that need to be combined to prepare 20 mL of 

surfactant with an HLB of 9.0!  

 

Surfactant HLB 

Arlacel 60 4.7 

Tween 60 14.9 

 

 

14.9 – 9.0 = 5.9 
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9.0 – 4.7 = 4.3  5.9 + 4.3 = 10.2           20 mL 

 

5.9 (20/10.2) = 11.6 mL  

 

4.3 x (20/10.2) = 8.4 mL 

 

 

 

11.3. Calculate the minimum amount of surfactant (O/W) that is necessary in this case! 

 

Ingredient Amount HLB 

Oil phase 40 g total  

Paraffin 60% 10.0 

Beeswax 40% 9.0 

Water 60 g total  

   

Density water 1.00 g/mL  

Density oil 0.85 g/mL  

Density O/W 1.05 g/mL  

 

 

 Qs calculation 

 

Qs =  6 (ρs / ρ)              +  4 Q 

        10 - 0.5 x RHLB     1000 

 

Qs = amount in grams of surfactant mixture required to form emulsion 

Q = percentage of continuous phase 

ρs = the density of surfactant mixture (g/cm3) 

ρ  = the density of the dispersed phase (g/cm3) 

 

Step 1.: RHLB calculation 

 

Paraffin: 0.6 x 10 = 6.0 

Beeswax:   0.4 x 9 = 3.6  

RHLB:          6.0 + 3.6 = 9.6 

Step 2.: Qs calculation 

 

Qs =  6 (1.05 / 0.85)              +  4  x 60    = 1.665 g 

        10 - 0.5 x 9.6                       1000 

 

Answer: The minimum amount of surfactant is 1.665 g.  

 

 

11.4. Calculate the minimum amount of surfactant (W/O) that is necessary in this case! 
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Ingredient Amount HLB 

Oil phase 40 g total  

Paraffin 60% 4.0 

Beeswax 40% 5.0 

Water 60 g total  

   

Density water 1.00 g/mL  

Density oil 0.85 g/mL  

Density W/O 0.87 g/mL  

 

Qs calculation 

 

Qs =  6 (ρs / ρ)              +  4 Q 

        10 - 0.5 x RHLB     1000 

 

Qs = amount in grams of surfactant mixture required to form emulsion 

Q = percentage of continuous phase 

ρs = the density of surfactant mixture (g/cm3) 

ρ  = the density of the dispersed phase (g/cm3) 

 

Step 1.: RHLB calculation 

 

Paraffin:   0.6 x 4 = 2.4 

Beeswax:   0.4 x 5 = 2.0  

RHLB:          2.4 + 2.0 = 4.4 

 

 

Step 2.: Qs calculation 

 

Qs =  6 (0.87 / 1.00)   +  4  x 40    = 0.829 g 

        10 - 0.5 x 4.4           1000 

 

Answer: The minimum amount of surfactant is 0.829 g.  

 

 

11.5. Calculate the combined HLB of Arlacel 60 and Tween 60 are blended in a 5:2 ratio! 

 

Surfactant HLB 

Arlacel 60 4.7 

Tween 60 14.9 

 

 

11.6. Calculate the amount of surfactants that need to be combined to prepare 16 mL of surfactant 

with an HLB of 8.0!  
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Surfactant HLB 

Arlacel 60 4.7 

Tween 60 14.9 

 

11.7. Calculate the minimum amount of surfactant (O/W) that is necessary in this case! 

 

Ingredient Amount HLB 

Oil phase 40 g total  

Paraffin 60% 9.0 

Beeswax 40% 8.0 

Water 60 g total  

   

Density water 1.00 g/mL  

Density oil 0.85 g/mL  

Density O/W 1.05 g/mL  

 

 

11.8. Calculate the minimum amount of surfactant (W/O) that is necessary in this case! 

 

Ingredient Amount HLB 

Oil phase 40 g total  

Paraffin 70% 3.0 

Beeswax 30% 6.0 

Water 60 g total  

   

Density water 1.00 g/mL  

Density oil 0.85 g/mL  

Density W/O 0.87 g/mL  

 

 

Exercise 12. 

 

Purpose of the exercise: Foam and solid foam. Application of foam in the food industry 

 

12.1. What do you know about the foam structure? 

 Foams can be defined as a colloidal dispersion in which gas is the dispersed phase and 

liquid is the continuous phase. 

 The dispersion medium is usually a liquid that is sometimes modified into a solid by 

heating or strengthened by a solid. Ice cream, whipped cream, or cake batter are some 

examples of foams. 

 It is a thermodynamically unstable system. 

 

 

12.2. Draw the structure of the foam and name their main parts! 
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The structure of the foam is illustrated by Figure 2.  

 

 
 

Figure 2.: The structure of the foam 

 

The thin liquid films separating the foam gas bubbles are defined to be foam lamellae. The 

connection of the three lamellae of a gas bubble at a 120° angle is referred to as the Plateau 

border. In persistent bulk foams, spherical foam gas bubbles become transformed into foam cells, 

polyhedra separated by nearly flat thin liquid films. Such a foam is referred to as a dry foam. The 

polyhedra foam cells are almost, but not quite, regular dodecahedra. In three dimensions, four 

Plateau borders of a foam cell meet at a point at a tetrahedral angle of approximately 109°. 

 

 

12.3. What is the difference between bubby foam and polyhedral foam? 

A bubbly foam (e.g. in ice cream) is formed when the amount of gas incorporated is low enough 

for bubbles to retain roughly spherical shape.  

Polyhedral foam (e.g., beer foam): the gas-to-liquid ratio is so large that bubbles are pressed 

against one another in a honeycomb- type structure. 

 

12.4. What causes foam formation?  

 Surface active substances such as saponins, proteins, polysaccharides, cellulose 

derivatives, humic acids 

 Mechanical energy: stirring, pumping  

 Introduction of gas: aeration, fermentation 

 

12.5. Mention some factors that have effect on foam stability! 

 rainage: the draining of liquid from foam  

 disproportionation: the change in foam bubble size distribution caused by gas diffusion 

from small to large bubbles  

 coalescence: the fusion of foam bubbles 

 

12.6. What is overrun? How can you calculate it? 
Overrun is an important concept expressing the formation of foam. This value represents the volume 

increase because the gas incorporated into the system. It can be expressed as % overrun in the 

following equation: 
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% overrun = wt. 100 mL solution – wt. 100 mL foam x 100 

                                                                      wt. 100 mL foam 

 

 

% overrun = ρ liquid – 1 * 100 

                                                                            ρ foam 

 

12.7. How can you calculate the foam capacity?  

Foam capacity also can be measured through the volume of pre-formed solution and volume of 

foam after foam formation using the following equation: 

 

% foam capacity = foam volume – solution volume x 100 

                                                                              solution volume 

 

12.8. Ice cream is produced by whipping and freezing of a liquid mixture. Thypical values 

are given to ρ ice cream = 550 kg/m3 and ρ ice mix = 1150 kg/m3. Calculate the overrun of the ice 

cream! 

 

Overrun is calculated using the following equation: 

 

 

 

% overrun = ρ liquid – 1 * 100 

                                                                            ρ foam 

 

 

 

% overrun = 1150 kg/m3 – 1 * 100 = 109 % 

                                                                   550 kg/m3 

 

 

 

 

12.9. Choose one from the food foams and introduce it! 

12.10. List some example for food foams! 

12.11. Why can we say, that foam has the ability to form, when the water contains various 

impurities? 

 

 

Exercise 13 

 

Purpose of the exercise: Hydrocolloids.  Hydrocolloids in food industry.  

 

13.1. What are hydrocolloids? 

The term ‘hydrocolloid’ is derived from the Greek hydro ‘water’ and kolla ‘glue’. Hydrocolloids 

are colloidal substances with an affinity for water. From a chemical point of view, they are 
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macromolecular hydrophilic substances. Some of them are water soluble and form colloidal 

solutions others are only able to swell in water and can be dispersed by means of shear forces. 

Hydrocolloids produce viscous solutions, pseudo-gels, or gel. 

 

13.2. What are the main sources of hydrocolloids? 

 Pure plant extracts: Starches, Pectins, Alginates, Agar, Carrageenan, Cellulose 

 Modified polysaccharides: Modified starches, Amidated pectins, Propylene glycol alginate, 

Cellulose derivatives 

 Cellulose-based polymers: Microcrystalline cellulose (MCC), Methylcellulose (MC), 

Ethylcellulose (EC), Hydroxypropylmethylcellulose (HPMC), Hydroxypropylcellulose 

(HPC), Carboxymethylcellulose (CMC) 

 Seeds: Guar gum, Locust bean gum, Tamarind seed gum, Tara Gum, Konjac 

 Exudates: Gum acacia / arabic, Tragacanth, Karaya gum, Gum ghatti 

 Microbial or bacterial polysaccharides: Xanthan, Gellan, Dextran, Pullulan, Curdlan, 

Scleroglucan 

 Animal extracts: Gelatin, Caseinates 

 

 

13.3. What is the reasons that hydrocolloids are commonly used in the food industry? 

Hydrocolloids are used in technical and regulated applications to thicken and to stabilize 

formulations. In processed foods, they are ubiquitous – no other group of ingredients contributes 

more to viscosity, texture, and body like hydrocolloids do. 

 

 

13.4. Do you think, it is important to use locust bean gum as an ingredient during the production 

of yogurt? Explain your answer! 

13.5. Do you think, it is important to use carrageenan as an ingredient during the production of 

chocolate milk? Explain your answer! 

13.6. Carrageenan is a cold soluble hydrocolloid. Why can we say, that it is a favorable property 

of carrageenan? Explain your answer! 

13.7. Do you think, it is important to use carrageenan as an ingredient during the production of 

beer? What is the main role of the carrageenan in the beer industry? Explain your answer! 

13.8. Do you think, it is important to use carrageenan as an ingredient during the production of 

lunch meat? What is the main function of the carrageenan in the meat industry? Explain your 

answer! 

13.9. Do you think, it is important to combined xanthan gum with other hydrocolloids like locust 

bean gum, when it is used in the food industry or it is better, if it is used alone? Explain your 

answer! 

13.10. Why can we say, that the agar as a hydrocolloids plays an important role in microbiology? 

 

 

Exercise 14 

 

Purpose of the exercise: Hydrocolloids.  Hydrocolloids in food industry II.  

 

14.1. List some foods that contain agar! 
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Agar is used in canned meat, fish, and poultry products. It is suitable for use in water- and milk-

based desserts, any kind of aspics, and artificial caviar. Sugarbased coatings, glazes, and icings 

can be formulated with low to high sugar concentrations and are never sticky. Agar is added to 

confectionary, including jelly beans, nougat, candy fillings, piping gels, jams and jellies. It acts as 

texture stabilizer in ice cream and as fining agent to clarify wine, juice and vinegar.  

 

14.2. Why can we say, that alginates are commonly used in the food industry? 

In the food industry, alginates are used as emulsifiers, gelling agents, coating agents, and 

thickeners – and also for organic products. They are applied in diet and light products, baked 

goods, frozen foods, mayonnaise, salad dressings, dessert jellies, ice cream, mousses, foams, 

processed cheese, in meat and canned vegetables, and soups. The gums are suitable for 

encapsulation of prebiotics, flavours, and functional food oil. Alginates are also often used in so-

called molecular gastronomy for the production of fish eggs and caviar imitations or in artificial 

mozzarella. 

 

14.3. Why can we say, that carrageenans are commonly used in the food industry? 

Carrageenans are used as gelling and thickening agents for water-based jellies and for dairy 

products such as desserts, puddings, ice cream, mousses, whipping creams, cheese spreads, cream 

cheese, infant formula, and neutral milk drinks (e.g. calcium-enriched milk, nutritional beverages, 

chocolate milk, and milk shakes). They are applied in soups, sauces, and salad dressings, 

especially in transparent low-viscosity products with herbs/spices. Carrageenan is used 

successfully in meat products such as cooked ham where it stabilizes the injected water. The 

clarification of beer and fining of wine are other applications. 

 

14.4. What are the main factors that determine the solubility of carrageenans? 

The solubility of carrageenans depends on their structure, the applied temperature, and the 

presence of cations. All carrageenans are soluble in hot water, but – with the exception of λ-

grades, only the sodium salts of κ- and ι-carrageenan are soluble in cold water. Potassium and 

calcium salts of κ- and ι-types are completely soluble at 50–60 °C. All carrageenans are soluble in 

hot milk. In cold milk, only λ-carrageenan has solubility, producing a thickening effect via protein 

interactions, an effect that is enhanced by phosphates. 

 

14.5. Are alginates any negative effect on human health? Explain it! 

14.6. Is carrageenan assimilated by the human body or it provide only fibre with no nutritional 

value? 

14.7. Carrageenan solutions are highly viscous. How can you reduce its viscosity? 

14.8. What do you think, what is the most important property of pectin? Explain your answer! 

14.9. Why can we say, that pectins are commonly used in the food industry? 

14.10. What is the role of starch in food industry? 

14.11. Do you think, it is important to use furcellaran as an ingredient during the production of 

pudding and marmalades? What is the main function of the furcellaran in this products? Explain 

your answer! 

14.12. Does larch arabinogalactan have any positive health effect? Explain your answer! 

14.13. What is the reason, that guar gum is widely used in ice cream, dairy desserts, soups, sauces, 

meat and bakery products? 

14.15. What is the function of guar gum in baked goods? 

14.16. What is the function of guar gum in beverages?  
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14.17. What is the function of guar gum in canned foods?  

14.18. Is guar gum a globally approved food additive? Explain your answer! 

14.19. Do you think, it is important to use locust bean gum as an ingredient during the production 

of ice cream and sorbet? Explain your answer! 

14.20. Does locust bean gum have any negative health effect? Explain your answer! 

14.21. What do you think, what is the most important property of alginates? Explain your answer! 
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