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The aim of this thesis was to study the settling of titanium dioxide in juice made from a dry 
beverage mix and to determine whether the spray drying of the clouding agent has any 
effects on the settling of titanium dioxide. Titanium dioxide is used in beverages made from 
dry beverage mix to bring to the beverage mouthfeel and haziness common in natural juices. 
One goal was to discover a recipe for clouding agent which inhibits or decreases the descent 
of titanium dioxide in a beverage.  
 
The research was executed by first developing the recipes for clouding agents and then 
testing the settling of titanium dioxide in juice for seven days. In order to find out whether the 
spray drying of clouding agent has an effect on the settling of titanium dioxide, the beverages 
compared were the ones, where the clouding agent used was first spray dried into a powder 
form. 
 
In this thesis project a few recipes to decrease the settling of titanium dioxide was discov-
ered. No significant difference in the settling of titanium dioxide was found between bever-
ages where the clouding agent was used in liquid form or in powdered form. And since the 
settling of titanium dioxide was very little, in juices where the recipe for clouding agent was 
successful, spray drying did not seem to decrease the settling of titanium dioxide.  
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Abbreviations, Constructions and Definitions 

Anatase  Crystal form of titanium dioxide 

Clouding agents Agents used to bring turbidity to beverage 

DE The proportion of the galacturonic acids that are in the methyl 

ester form, is called the “degree of esterification” (DE) or “de-

gree of methoxylation” and is quoted as a percentage. DE af-

fects the behavior of pectin. 

DP  Degree of Polymerization 

EU  European Union 

Extracellular  Outside the cell 

Genotoxicity The property of chemical agents that damages the genetic 

information within a cell causing mutations. 

Heteropolysaccharide Heteropolysaccharides contain two or more different mono-

saccharide units. 

Rutile  Crystal form of titanium dioxide 

Starch hydrolysate Starch hydrolysate is a collective term for products of the con-

version of sugar into starch. 

TiO2   Titanium dioxide 

U.S.  United States of America 
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1 Introduction 

This thesis is a research about the settling of titanium dioxide (TiO2) in a beverage made 

from dry beverage mix. The goal of this thesis project was to find a recipe for dry bever-

age mix where TiO2 would not settle or settles very little. The purpose of this study was 

also to find out whether the spray drying of the clouding agent affects the settlement of 

TiO2. In foodstuffs, titanium dioxide is used, for example to give whiteness to food. In 

beverage industry, TiO2 is also used to bring opacity and haziness to juice in order to 

imitate the cloudiness of natural juices. The project was done for Huntsman Pigments 

(previously Sachtleben Pigments).  

The recipe for the clouding agent was searched by experimentally testing different sus-

pending agents in the cloud. The settlement study was done in a laboratory where two 

series of juices are made and the settlement of TiO2 was observed for seven days. The 

first series of juices have clouding agent in liquid form and the clouding agent used in 

the second series of juices has been spray dried to powder.  

2 Food Additives  

2.1 Function of food additives  

The two most basic functions of food additives are that they affect food safety by pre-

serving it from bacteria and inhibiting oxidation and other chemical changes, they also 

make food taste or look better and/or give more pleasant mouth feel to food. People have 

had the need to preserve food for a long time. Many of the food preserving techniques 

we use now are relatively new such as canning or freezing. Before those techniques 

were discovered, the way of conserving for example, meat was salting, drying or pickling. 

And when the shortage of food ceased to be a problem, the taste and the appearance of 

food started to get more emphasis. However, the oldest additives being used are not 

preservatives. Our ancestors used additives such as vinegar and saltpeter which was for 

curing food [1] 
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2.2 Colorants in foodstuff 

Food manufacturers use food colorants to enhance the visual properties of foods. Col-

oring foodstuff can be used also to bring the color back to food if it is lost in the food 

manufacturing process. The use of colors in food is controversial since some believe 

those are used to deceive the consumer, and also because some of the most brightly 

colored food products are made for children. The use of colorants is strictly controlled by 

legislation. [1, 2]  

2.3 Emulsifiers, thickeners and stabilizers 

Emulsion is a mixture of two liquids (or more) that do not mix without mixing. In order to 

stabilize the emulsion an emulsifier has to present in emulsion. Emulsifiers are sub-

stances used to stabilize an emulsion by increasing its kinetic stability. Emulsifiers do 

not let the two phases separate back to their own layers after mixing. [1, 3]  

Emulsifiers are surfactants which lower the surface tension between two surface (liquid 

and liquid or liquid and solid). Surfactant accumulates at the interphase between the 

phases and does not dissolve well in either one of the bulk phases. A typical surfactant 

consists of a long hydrocarbon tail that dissolves in hydrocarbon and other non-polar 

materials, and a hydrophilic head group that dissolves in polar solvent (typically water). 

[1, 3] 

In foodstuff thickeners are applied to substance in order to increase viscosity of the so-

lution. Thickeners in can also improve the suspension of other ingredients or emulsions 

which increases the stability of the product. Some thickening agents are gelling agents 

which for a gel in liquid phase. Thickeners used in food are mainly based on polysaccha-

rides or protein. [1] 

Stabilizers are used in food to maintain its physical and chemical condition by stabilizing 

the emulsion. In emulsion, stabilizers function is to inhibit the separation of phases. [1] 
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3 Titanium Dioxide 

Titanium dioxide is inorganic natural pigment. It has two forms which are used commer-

cially, anatase and rutile. Anatase form of titanium dioxide is used to provide whiteness 

and opacity in foods and it has an E code E171. [4]    

3.1 Properties 

Titanium dioxide is an amorphous white powder and it is characterized by brightness and 

a very high refractive index (2.4). Refractive index is a measure of bending of a ray of 

light when passing from one medium into another. Titanium dioxide is opaque mineral 

which is insoluble to water and organic solvents and is stable material; it is resistant to 

light, pH variations, oxidation and heat. TiO2 is available in oil-dispersible and water-

dispersible forms, and it naturally occurs in main three forms, which are rutile, anatase 

and brookite. TiO2 which is used in food industry is pure titanium dioxide and it is anatase 

form. Titanium dioxide is used in paints, inks, plastics, paper, textiles, toothpaste, and in 

food to provide whiteness and opacity.  [4, 5] 

3.2 Occurrence 

Titanium dioxide is extracted from natural ores and milled to the correct particle size to 

provide optimum opacity and whiteness. In nature, titanium dioxide exists in three differ-

ent crystalline forms; rutile, anatase and brookite. Anatase are form is permitted to be 

used in foodstuff. The form of titanium dioxide can be determined by processing condi-

tions. [4] 

3.2.1 Anatase 

Anatase in nature is found small, isolated and sharply developed crystals that are rela-

tively pure titanium dioxide. The anatase form of titanium oxide is used in the food indus-

try. The common pyramid of anatase, parallel to the faces of which there are perfect 

cleavages, has an angle over the polar edge of 82°9', the corresponding angle of rutile 

being 56°52½'. The structure of anatase is presented in Figure 1. [4, 6] 
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Figure 1 Picture of titanium dioxide’s anatase form’s crystal structure 

 

The mineral was named on account of this steeper pyramid of anatase, by René Just 

Haüy in 1801, from the Greek anatasis, "extension", the vertical axis of the crystals being 

longer than in rutile. One of the differences between the physical characters of anatase 

and rutile is that the anatase is less hard (5.5–6 vs. 6-6.5 Mohs) and dense (specific 

gravity about 3.9 vs. 4.2). The other difference of anatase and rutile is that anatase is 

optically different than rutile; it scatters more UV-light than rutile and rutile appears bluer 

white than anatase. [4, 6] 

3.2.2 Rutile 

Rutile is a mineral composing primarily of titanium oxide all though in nature it may con-

tain in up to 10 % iron and notable amount of niobium and tantalum. As mentioned ear-

lier, rutile is harder and denser form of TiO2 then anatase. It is the most common form of 

TiO2 and it has among the highest refractive indices at visible wavelengths of any known 

crystal, and also exhibits a particularly large birefringence and high dispersion. With 

these properties, it is useful for the manufacture of certain optical elements, especially 

polarization optics, for longer visible and infrared wavelengths up to about 4.5μm. The 

name rutile comes from the Latin rutilus, red, which is a reference to the deep red color 

observed in some specimens when viewed by transmitted light. The structure of rutile is 

presented in Figure 2. [4, 7] 
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Figure 2 Picture of titanium dioxide’s rutile form’s crystal structure  

3.3 Production 

World widely 4 million tons of titanium dioxide is being produced per year and it is used 

widely in industrial applications, such as in paints, inks, plastics and in textiles, and a 

small proportion is used as a food colorant. Titanium dioxide is produced chiefly from 

ilmenite, a titaniferous ore (FeTiO2). The production of titanium dioxide’s rutile form is 

done by chloride or sulfate processes via the treatment of the TiO2 ore with chlorine gas 

or sulfuric acid, and the process is followed by a series of purification steps. Anatase 

form production is done by sulfuric acid treatment followed by series of purification steps. 

[4] 

3.4 Use in foodstuff 

Titanium dioxide is mainly used in such food applications as dairy products, icings, con-

fectionery, and toppings. TiO2 is also used in dry beverage mixes. Dry beverage mix is 

a powder which can be dissolved into a water in order to manufacture a beverage, which 

duplicates natural beverage. Dry beverage mix must easily and instantaneously go into 

solution and give the impression of natural-looking product. It is used in food to color to 

foodstuff, to give the food opacity and to give a light background for other colorings. TiO2 

is used to give mouth feel and creaminess to low-fat products. [1, 4, 8] 

 

Titanium dioxide is the only true white pigment that is allowed to be used in foodstuff in 

the EU. Anatase form of TiO2 is preferred for utilization in the food industry consequently 

it’s high-purity.  [1, 4]  
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3.5 Regulations and toxicology of titanium dioxide 

In the U.S. the utilization of titanium dioxide is limited to 1 % by weight, in the EU there 

is no limitation TiO2 utilization in foodstuff. Animal studies have showed low acute toxicity 

in rats (LD50 > 25 g/kg body weight/day) and mice (LD50 > 10 g/kg body weight/day) and 

non-carcinogenicity and genotoxicity in long-term studies. It was considered that TiO2 is 

poorly absorbed in mammals, but it was found in human gut-associated lymphoid tissue. 

[4] 

4  Clouding Agents in Beverages 

4.1 Clouding agents 

Clouding agents are used in aqueous beverages produced from dry beverage mixes to 

imitate the opacity of a natural juice. Most clouding agents are manufactured by mixing 

a spacing agent, a suspending agent and titanium dioxide. The agent that provides the 

opacity to the juice is titanium dioxide. It is important that the clouding agent is at least 

partially soluble or dispersible in the beverage and that the clouding agent remains dis-

persible in the beverage for some period of time without settling out of the liquid. [9] 

A dispersion is a mixture of two substances which do not mix together, but the particles 

are dispersed in the solution.  Mixture of water and titanium dioxide is a colloid disper-

sion. A colloid is a substance in which microscopically dispersed insoluble particles are 

suspended throughout another substance.  Dispersion can be stabilized with emulsifiers, 

stabilizers or thickeners. [3, 9] 

4.2 Suspending agents and spacing agents 

A suspending agent helps reduce the sedimentation rate of particles in suspension by 

increasing the viscosity of the solution and thereby slowing down settling in accordance 

with Stokes Law. Emulsifiers, thickeners and stabilizers are used as suspending agents 

in clouding agents. [10, 11] 
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The Spacing agent’s function in the clouding agent is to disperse and maintain the tita-

nium dioxide as a separate particles. The suitable spacing agent is a water-soluble, pol-

ymeric substance, such as maltodextrin or other starch hydrolyzates. Suitable spacing 

agent is bland in flavor and without appreciable sweetness. [10] 

5 Substance Descent on a Medium 

5.1 Fluids viscosity 

Fluid is a substance that continues to deform when it is subjected to a tangential or shear 

force. The rate at which the fluid deforms continuously depends on the magnitude of the 

applied force and also on a property of the fluid called its viscosity or resistance to de-

formation and flow. The viscosity of a fluid measures its resistance to flow under applied 

shear stress. For liquids, the more viscose the liquid is, thicker it is. Fluids can be broadly 

classified according to the relation between the applied shear stress and the rate of de-

formation. [10, 12] 

5.1.1 Newtonian fluids  

Newtonian fluids are those fluids which obey Newton’s law of viscosity. A Newtonian 

fluid’s viscosity remains constant regardless any external stress that is placed upon it, 

such as mixing. Newtonian fluids have a linear relationship between viscosity and shear 

stress. Regardless of the shear stress applied to a fluid, its viscosity remains the same. 

For example water is a Newtonian fluid. [13, 14] 

5.1.2 Non-Newtonian fluids 

Fluid which viscosity is variable based on applied stress is called a non-Newtonian fluid. 

For example, a cornstarch dissolved in water is a non-Newtonian fluid. Non-Newtonian 

fluids become thicker or thinner when stress is applied. Non-Newtonian fluids are clas-

sified to pseudoplastic, shear thickening fluids, Bingham plastic fluids, rheopetric or anti-

thixotropic fluids. [15] 
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Pseudoplastic fluid, or shear thinning fluid, is a fluid, which gets thinner when stress is 

applied to it. For example a paint is a pseudoplastic fluid. Shear thickening fluids viscosity 

increases, when stress is applied to it. Bingham plastic fluids require a finite yield stress 

before they begin to flow. For example, mayonnaise is a Bingham plastic fluid. Rheo-

pectic or anti-thixotropic strain rate is a function of time, a fluid which are rheopectric 

thickens when shaken. They get more viscose, the more they are under shearing force. 

Thixotropic fluid thins out with time when it is under shear stress. [15] 

5.1.3  Stokes law 

Stokes law is a mathematical equation that expresses the settling velocities of small 

spherical particles in a fluid medium. The Stokes law is presented in Equation (1). The 

force of viscosity in which the particle is moving through a medium is influenced by radius 

of the spherical object, R (in m), dynamic viscosity of the surrounding medium, μ (in N), 

and the particle's velocity, v (in m/s). [3, 16] 

    (1) 

6 Polysaccharides 

6.1 Chemical structures and properties  

Polysaccharides are polymers of monosaccharides. Polysaccharides are composed of 

glycose units in linear or branched arrangements. Most polysaccharides much larger 

than the 10- or 20-unit limit of oligosaccharides. The number of polysaccharide units in 

a polysaccharide, which is termed its degree of polymerization (DP) varies. Only a few 

have DPs less than 100, most have DPs in the range 200-3000. The larger ones, such 

as cellulose, have a DP of 7000- 15.000. Starch amylopectin has even larger DP 

(>60.000). [17] 
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6.1.1 Degree of polymerization 

The degree of polymerization, or DP, is a number of monomeric units in polymer mole-

cule. DP uniquely determines the weight of a macromolecule of known composition. Syn-

thetic polymers comprise a set of macromolecules of varying degrees of polymerization 

and, accordingly, molecular weight. [17] 

The physical and chemical properties of oligomer change with increasing molecular 

weight. There is a certain critical value beyond which further increase in the molecular 

weight no longer significantly affects these properties. This value characterizes the tran-

sition from the oligomer to the polymer, and it differs for different properties. Polymers 

with identical composition but different total molecular weights may exhibit different phys-

ical properties. In general, increasing degree of polymerization correlates with higher 

melting temperature and higher mechanical strength. [17, 18] 

6.2 Solution viscosity and stability 

Polysaccharides (gums, hydrocolloids) are used in foods primely to thicken and gel aque-

ous systems and otherwise to modify and to control the flow properties and textures of 

liquid products and the deformation properties of semisolid products. They are generally 

used in food products at concentration of 0.25-0.5%, indicating their great ability to pro-

duce viscosity and to form gels. [17] 

7 Effects of Additives on Titan dioxide Descent in a Beverage 

7.1 Effects of high shear mixing and heating on clouding agent 

Subjecting particulate titanium dioxide and water alone to high shear mixing to form first 

an aqueous mixture, the resulting TiO2 particles have preferred small size and physical 

structure that is not achieved when a spacing agent and suspending agent is also pre-

sent. The preferred TiO2 particles may be able to bind with the subsequently introduced 

spacing agent and suspending agent in a manner that cannot be achieved earlier. [10] 
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When preparing the clouding agent, the heating of the mixture while subjecting it to high 

shear mixing, makes the clouding agent mix smoothly. Heating of the mixture also helps 

the suspending agent to dissolve in the mixture better. [10]  

7.2 Viscosity of the selected suspending agents  

In this published version of this thesis project, suspending agents are not mentioned by 

name. They are referred by code, A, B, C or D. 

Suspending agent A forms a very pseudoplastic, high viscosity solution; therefore it is 

excellent emulsion and suspension stabilizer. Suspending agent A forms a solution 

which has viscosity that is unaffected by temperature or pH change. [19] 

Suspending agent B is stable and has good gelling ability at relatively low pH such as 

pH 3-4, suspending agent B is the dominating gelling agent in modern production of jams 

as well as other products which are gelled, acidulous, and sweet. [19] 

Suspending agents, C and D, form viscose solutions and are stable even in low pH such 

as at pH 3. [19, 22] 

7.3 Effects of spray drying on particles descent in medium 

Typically in spray drying, the product will be fed to the drying tower under working pres-

sures of 500 psi and 3000 psi. Such pressures inflict additional shearing force on the 

mixture and further serve to homogenize and reduce the particle size of the product. 

Since the particle size becomes smaller it will not settle as fast as a larger particle. [8] 

8 Spray Dryer 

8.1 Usage 

Spray dryer is often used to produce powders from liquid foods, concentrates or pulps. 

It is commonly used for milk powder, coffee, and tea. Spray drying includes a suspended 
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particle processing operation that consists of particle formation as well as drying. The 

liquid food is first atomized or sprayed into heated air within a drying chamber and after 

that the moisture from the food is removed. The input which is in a fluid state is first 

processed into droplets that are dried into particles by exposing them to hot air. Dryer 

walls are being cooled to 38 to 50 °C by feeding cold, dry air at the outlet end of the 

dryer. Obtained dry powders can be immediately used as constituents of dry mixtures, 

soups, etc.  [20, 21, 22] 

8.2 Spray drying process  

Three subsequent steps of the drying process can be divided1) the atomization of the 

feed; 2) the spray-air mixing and moisture evaporation, and 3) the separation of dry prod-

uct from the outlet air. [21] 

Most critical phase of the drying operation is the atomization. Food products such as 

slurries are dispensed into a fine spray in the atomizer. There are three general types of 

atomizer available commercially. Rotary wheel atomizers and single-fluid pressure noz-

zle atomizers are the two most commonly used types. Rarely, for some special applica-

tions such as slurries and pastelike materials, a pneumatic two-fluid (compressed air and 

liquid feed) can be used. [21]  

Co-current, counter-current, or mixed flow of droplets and drying air can vary in typical 

spray-drying system. The geometry of drying chambers depends mainly of the type of 

atomizer being used. The chamber is usually short and wide (conical type), for rotary 

wheel atomizers and for nozzle atomizers the chamber is usually long and narrow (tall 

type). [21] 

Fine droplets that are produced dispense a very large surface area for evaporation. Due 

to the high velocity of hot air, a forced convention is normally generated that will favor, 

together with the direct contact of air and product, a very high heat transfer. Therefore in 

short contact time, in a few seconds, a very fast drying rates are obtained. For heat 

sensitive foods this technique is highly desirable, because the rapid drying keeps the 

product cool. The dry product is collected at the bottom of the drying chamber and is 

separated from the air using cyclones, bag filters, or electrostatic precipitators. The final 
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separation of the powder from the exhaust air is provided in wet scrubbers, wet cyclones, 

or irrigated fans. [21, 22] 

In order to achieve proper conditions for spray drying, several problems must be over-

come. Stickiness, caking, and hygroscopicity of final product should be avoided and 

monitored. Instant dried powders must possess several properties for their further use in 

formulated food products: a desirable wettable surface, a high sinkability (i.e. product 

must float upon rehydration), a high dispersability, and a high resistance to sedimenta-

tion. To generate these properties, an agglomeration process is often performed after 

spray drying. It involves a controlled humidification to form small clumps, usually carried 

out in a fluidized bed dryer. Spray-dried particles that are agglomerated rehydrate better 

than spray-dried powders. [21] 

8.3 Composition 

Spray drier typically consists of large volume drying chamber, feed atomizer, hot air sup-

ply, and dry product recovery and dust collection systems.  The composition of spray 

dryer is presented in Figure 3. [21] 

 

 

Figure 3 Composition of a spray dryer 

9 Experiment 

The experiment was done to discover if the spray drying has effects on the decent of 

titanium dioxide in beverage and to find out which of the selected suspending agents 
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functions better in two series of tests that are made to compare the descend of TiO2. The 

method of this experiment was based on U.S. patents no 6,159,522. Patent is found in 

Appendix 1.  

The method was adjusted in some parts since the patent was made for industrial usage. 

The machinery listed in the patent were replaced by laboratory equipment. The suspend-

ing agents and the spacing agents used were chosen based on discussions with Hunts-

man Pigments.  

The experiment was done by comparing clouding agents which have been spray dried 

to powder form to the ones that are still in liquid form. The clouding agents were prepared 

by the same method, based on the patent mentioned earlier, and the second series of 

test clouding agents were spray dried before the descent test. The settling of TiO2 was 

being tested by following the settlement of the cloud in the juices for seven days. The 

spray dryer used in this study was a Büchi Mini Spray Dryer B-290, which shows in 

Figure 4.  

  

Figure 4 Picture of the Büchi Mini Spray Drier B-290 
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9.1 Method for making the clouding agent 

Making of the clouding agent started with high shear mixing of the TiO2 and water. Water 

amount used to make a clouding agent was 200 ml, mixing was continued for 30 minutes. 

After that a spacing agent was added to a mix and the high shear mixing was continued 

for 30 minutes. A suspending agent was added to the mix and the high shear mixing was 

continued for 10 minutes. After that the mix was heated to 66 - 72° C and the high shear 

mixing was continued for 90 minutes. Mixer used in this study was called Ultra-Turrax 

T25, which is presented in Figure 5. 

 

Figure 5 Picture of the mixer used in the experiment  

9.2 Test series of clouding agents 

Test clouding agents where there were no spacing agent and/or suspending agent were 

done in the same way apart from phases that were excluded. The second series of cloud-

ing agents were spray dried after mixing the solution. Table 1 shows the different sus-

pension made for this experiment listed. Clouding agents for the test were prepared in 

random order as was the selection of repetition test. 
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Table 1 Test series 

Test no.   

1 TiO2 + H2O (no mixing with mixer) 

2 TiO2 + H2O 

3 TiO2 + H2O + maltodextrin 

4 TiO2 + H2O + suspending agent A 

5 TiO2 + H2O + maltodextrin + suspending agent A 

6 TiO2 + H2O + maltodextrin + suspending agent B 

7 TiO2 + H2O + maltodextrin + suspending agent C 

8 TiO2 + H2O + maltodextrin + suspending agent D 

9 TiO2 + H2O + maltodextrin + A + C + D 

10 Repetition of test no 7 

Test no. 1 was done to find out whether the mixing has an influence on settling of TiO2  

and tests no. 1 and 2 were done to find out how the titanium dioxide acts out on its own 

on the experiment.  

Test no. 3 was done to find out how the used spacing agent works without a suspending 

agent and the test 4 to found out whether to suspending agent works without the spacing 

agent.  

Tests no. 5, 6, 7, 8 were executed to find out which of the suspending agent selected 

works the best and in test no. 9 a combination of selected suspending agents was used 

to determine how a mixture of suspending agent acts out.  

Test no. 10 was a repetition of the test no. 7 to find out how repeatable the test is.  

9.2.1 Clouding agent 

The spacing agent used in this study was maltodextrin (DE60) and suspending agents 

were A, B, C and D. The ratio of the components the clouding agent was modified of the 

following ratio found in U.S. patent no. 6,159,522. Table 2 presents the ratio of compo-

nents in the clouding agent presented. 
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Table 2 Ingredient proportions in cloud 

Ingredient Amount (% by weight) 

TiO2 25–30 % 

spacing agent  40–70 % 

suspending agent 10–30  % 

 

Usage of the spray dryer determines how thick the clouding agent could be. If the cloud-

ing agent was not runny enough it would not have come through the nozzles of the spray 

dryer. The amount of suspending agent was therefore determined experimentally by 

making a suspension of suspending agent and water. The percent of suspending agent 

needed to give the wanted thickness to clouding agent are presented in the following 

Table 3.  

Table 3 Suspending agents’ amounts in the thesis project 

Suspending agent Amount (%) 

A 0.5 

B 5 

C 1 

D 3 

 

The recipe for clouding agent where xanthan was being used (test no.5) as a suspending 

agent is presented in Table 4. Water amount being 200 ml the percentage of suspending 

agent A in the final suspension was therefore 0.5 %. 

Table 4 Recipe for test beverage with suspending agent A 

Ingredient amount (g) 

TiO2 2.24 

Maltodextrin 7.07 

Suspending agent A 1.12 
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9.3 Prepares for the descent test 

The first series of tests were made from the liquid clouding agents. The TiO2 content 

wanted in the juice was 0.010 %. For example in the descent test of test clouding agent 

no. 5 the amount of the liquid clouding agent pipetted was 1.1 ml and therefore the TiO2 

concentration in the juice was 0.010 %.  

The second series of tests were conducted after spray dying the suspension. The wanted 

titanium dioxide content in final juice was also 0.010%. The yield after spray drying the 

clouding agent no. 5 was 3,19 g and the  content in spay dried cloud was 21 % in order 

to get 0.010 % TiO2 content in the final juice the amount of the cloud weighed for the test 

of clouding agent no. 5 was 0,047 g. 

9.4 Descent test 

The descent test were completed in a juice that had glucose content of 40 g/l and the pH 

was adjusted with citric acid to 3. The clouding agent were first measured to the juice 

then stirred thoroughly and poured into a 100 ml measuring glass. The same procedures 

were done the test series made from liquid clouding agent and clouding agent spray 

dried to powder. The measuring glasses were then left in a laminar flow cabinet to lay in 

peace for seven days. The descent of TiO2 in was observed in those seven days by 

photographing the progress of the TiO2 descent and the progress of descent was esti-

mated and valued by visual perception.  

10  Results 

Measuring glasses with beverages containing cloud were first photographed on the day 

the juices were poured to the glasses (day 0). Beverages were photographed the second 

time after seven days (day 7). 

10.1 Cloud in liquid form 

Figure 6 shows measuring glasses which contain test juices that has clouding agent in 

liquid form on day 0. 
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Figure 6 Picture of juices which contain clouding agent in liquid form.  

As can be seen in Figure 6, there is no settling of the clouding agent in any of the meas-

uring glasses. When preparing the test beverages, there were not any problems with the 

mixing of the cloud with juice. 

Figure 7 which was taken on day 7, shows both more and less settling of the clouding 

agent in almost all of the measuring glasses. 

 

 

Figure 7 Picture of beverages where clouding agent is used in liquid form 
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Table 5 gives the results of the settling test visually evaluated.  

 

Table 5 Visual evaluations of the settling test 

Test no 1 Visual evaluations 

1 a visible layer in the bottom of the measuring glass, the beverage 
is quite transparent 

2 a visible layer in the bottom of the measuring glass, the beverage 
is quite transparent 

3 some settling in the bottom of the measuring glass, the beverage is 
not as transparent as the first two 

4 no visible layer of sediment in the bottom of the glass, beverage 
has the opacity left 

5 no visible layer of sediment in the bottom and the beverage has the 
opacity left 

6 no visible layer in the bottom of the measuring glass, beverage has 
opacity, but is a little more transparent than the beverage no 5 

7 a visible layer of sediment in the bottom, the beverage has still 
some opacity left 

8 totally transparent beverage, all of the cloud has settled in the bot-
tom of the measuring glass 

9 a little visible layer of sediment in the bottom, the beverage has still 
opacity left 

10 a visible layer of sediment in the bottom, the beverage has still 
some opacity left 

10.2 Cloud in powder form 

Figure 8 shows beverages made from powdered cloud on day 0. There were some diffi-

culties of mixing the cloud to juice. All clouds needed shaking, they all seemed to mix 

well after a while part from juices no 7 and 10, in which the suspending agent, used in 

the cloud, was suspending agent D.  
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Figure 8 Picture of juices on day 0 which contain clouding agent in powder form- 

Figure 9 shows juices, in which the cloud is in powdered form, after settling for 7 days.  

 

 

Figure 9 Picture of juices containing clouding agent in powder form on day 7 

 

Table 6 shows the visual evaluations of the settling test to beverages which had the 

clouding agent in powder form. 
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Table 6 Visual evaluations of the settling test 

Test no 1 Visual evaluations 

1 a visible layer in the bottom of the measuring glass, the beverage 
is almost transparent 

2 a visible layer in the bottom of the measuring glass, the beverage 
is almost transparent 

3 some settling in the bottom of the measuring glass, the beverage is 
not as transparent as the first two 

4 no visible layer of sediment in the bottom of the glass, beverage 
has the opacity left 

5 no visible layer of sediment in the bottom and the beverage has the 
opacity left 

6 no visible layer in the bottom of the measuring glass, beverage has 
the opacity left 

7 the beverage is totally transparent and the cloud has settled in the 
bottom of the glass 

8 has the opacity left and there is not any sediment seen in the bot-
tom of the glass 

9 the beverage has some opacity left, but there is a visible layer of 
sediment seen in the bottom 

10 the beverage is totally transparent and the cloud has settled in the 
bottom of the glass 

11 Evaluation of the Results 

From the settling test it can be concluded that the suspending agents that works best in 

both series of test are xanthan and pectin. There seems to be no benefit of spray drying 

them since the liquid form works as well as the powder. The use of suspending agent A 

can be justifiable since the amount needed is ten times less then suspending agent D. 

However, suspending agent B is more natural choice to be used in juice.  

This thesis also shows that spray drying was not a suitable procedure for some suspend-

ing agents selected. Suspending agent C did not react well to spray drying and the result 

on preventing titanium dioxides settling was not as good as in liquid form. However, spray 

dying seems to make suspending agent D work little bit better as a suspending agent 

since the settling of TiO2 is less in beverage where powder form of clouding agent is 

used. The yield from spray drier would be higher in industrial spray drier, since it has 

larger chambers in which the powder does not stick to the walls of the chambers so 

much. 
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In the measuring glasses of descent test, some microbiological contamination was seen 

in juices, which turned out in microscopic research to be mold. The spoilage of beverage 

could have been prevented by usage of food preservative. 

The settling of TiO2 could have been monitored better if the measuring glasses used 

would have been for example such as are used to study the decomposition of pectin. 

Those tubes are narrow in the bottom, and there is a scale in the bottom of the tube; 

hence the settling of the clouding agent is easy to determinate, and the results are easy 

to compare. To save time the settling test could have been done faster than in seven 

days if a centrifuge would have been used.  

12 Summary 

The purpose of this thesis project was to find out, whether the spray drying affects the 

settling of titanium dioxide in juice made from dry beverage mix. The results shows there 

is not much difference in the descent of titanium dioxide; whether the cloud was spray 

dried or if it was still in liquid form.  

This thesis project was done also to find out a recipe for a cloud which inhibits or reduces 

the settling of titanium dioxide in juice made out of a dry beverage mix. In this project, 

two of the test clouding agents, proved to reduce the sedimentation of titanium dioxide 

well. Those two were suspending agents A and B. Suspending agent A worked well even 

when the content of A in the final beverage was only 0.005 %, and while suspending 

agent B worked as well with the 0.05 % content. 

 

 

 

 

 

 

 

 

 



23 

 

  

13 Sources 

1. Emerton, V. & Choi E. 2008. Essential Guide to Food Additives. 3rd edition. UK: 

Leatherhead Food International Ltd. 

2.  Food additives. 2013. Internet document. Evira.  <http://www.evira.fi/por-

tal/fi/elintarvikkeet/tietoa+elintarvikkeista/koostumus/par-

anteet/lisaaineet/lisaaineryhmat/> Read 24.10.13 

3.  Peter Atkins, Julio de Paula. Physical Chemistry Fourth Edition. 2005. Oxford Uni-

versity Press. 

4.  Carmen Socaiu (editor). 2008. Food Colorants, Chemical and Functional Properties. 

Taylor and Francis Group, LCC. 

5. Reflective index. 2014. Internet document. Global Britanica. <http://global.britan-

nica.com/EBchecked/topic/495677/refractive-index> Read 10.9.2014 

6.  Anatase. 2014. Internet document. Kronostio2. <http://kronostio2.com/en/prod-

ucts/anatase-pigments> Read 5.10.2014 

7.  Rutile. 2014. Internet document. Mindat. <http://www.mindat.org/min-3486.html> 

Read 25.8.2014 

8.  Patent. 1985. Internet document. U.S. patent no. 4,529,613. 

<http://www.google.com.ar/patents/US4529613> Read 19.10.2013 

9. Patent. 2003. Internet document. U.S patent no. 2003/30035878. 

<http://www.google.com/patents/US20030035878> Read 19.10.13 

10.  Jamie O. Wilkes. 2005. Fluid Mechanics to Chemical Engineers. Second Edition, 

with Micro-fluidics and CFD. Pearson Education, Inc. 

11. Patent. 2000. Internet document.  U.S. Patent no. 6,159,522: 

<http://www.google.com/patents/US6159522> Read 5.9.2013 



24 

 

  

12. Robert W. Fox, Alan T. McDonald. 1998. Introduction to Fluid Mechanics. Fifth Edi-

tion. John Wiley & Sons, Inc. 

13. Non-Newtonian fluids. 2014. Internet document. Mubbu. 

<http://www.msubbu.in/ln/fm/Unit-I/NonNewtonian.htm> Read 5.10.2014 

14.  Newtonian fluids. 2014 Internet document. Wisegeek. <http://www.wise-

geek.org/what-is-a-newtonian-fluid.htm> Read 5.10.2014 

15. Non-Newtonian fluids. 2014. Internet document. Wisegeek. <http://www.wise-

geek.com/what-is-a-non-newtonian-fluid.htm> Read 5.10.2014 

16.  Stokes law. 2014. Internet document. Global Brittanica. <http://global.britan-

nica.com/EBchecked/topic/567002/Stokess-law> Read 18.10.2014 

17.  Tom Coultate. 2009. Food, The Chemistry of its Components. The Royal Society 

of Chemistry 

18. Degree of polymerization. 2011. Internet document. Ensyklopedia of Polymer Sci-

ence and Technology. <http://onlineli-

brary.wiley.com/doi/10.1002/0471440264.pst444/abstract> Read 9.9.2014 

19.  Ullmann’s. 2002. Encyclopedia of industrial chemistry 28. Sixth edition. 

20. R.Paul Singh, Dennis R. Heldman. 2009. Introduction to Food Engineering. 4th 

edition. 2009. Academic Press. 

21. Hosahalli Ramaswamy, Michéle Marcotte. 2006. Food Processing: Principles and 

Applications. Taylor & Francis Group. 

 

22. Ullmann’s. 2002. Encyclopedia of industrial chemistry 6. Sixth edition. 

 

http://global.britannica.com/EBchecked/topic/567002/Stokess-law
http://global.britannica.com/EBchecked/topic/567002/Stokess-law


  Appendix 1 

   1(5) 

 

 

Appendix 1. U.S. Patent no. 6,159,522; High Performance Titanium Dioxide 

Clouding Agent and Method of Manufacture Thereof
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