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Abstract 
 

Whipping creams are oil-in-water emulsion which by whipping can be formed to a foam 

by the incorporation of air into the system. Traditionally whipping creams are made out 

of milk but today imitation whipping creams based on vegetable fat has gained a large 

share of the marked due to their many benefits compared to traditionally whipping 

creams. Imitation whipping creams are both cheaper and more flexible than traditionally 

creams. By vary the characteristics of the fat system and the cream recipe the properties 

of the imitation creams can be adapted to fit the purpose of a specific product.  

 

The aim of this thesis was to increase the understanding of how different types of fat 

systems and other ingredients affect the properties of imitation whipping creams based 

on vegetable fat. This was done by studying three vegetable fat systems with different 

physicochemical properties. The properties of the fat systems were characterized and 

the three fat systems were then used for making different imitation whipping creams. 

The properties of the creams were characterized and the properties of the fat systems 

and the creams were assessed and compared with each other.  

 

The study showed that the fat characteristics that generally seem to have the highest 

impact on the properties of whipping creams are the structure, the solid fat content and 

the crystallization temperature of the fat. A fat solution with a hard structure, a high 

crystallization temperature and a high solid fat content at a wide range of temperatures 

overall seem to provide the whipping creams with the best properties. This as these fat 

properties provide the creams with a high foam stability, a high overrun and a short 

whipping time. This study has also shown that other ingredients than the fat systems 

provide the creams with diverging properties. This is best shown by the results of the 

freeze-thaw stability which indicate that a recipe with a high amount of sugar seem to 

provide the whipping creams with good freeze-thaw stability. Other properties of the 

whipping creams also seem to be very much influenced by other ingredients than the fat 

systems but further studies are needed to provide clarity to the complexity of the 

interplay of the ingredients in whipped creams. 
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1 Svensk sammanfattning 
 

 ”Studie av hur fett och andra ingredienser påverkar egenskaperna för 

vispgräddar baserade på vegetabiliska fetter”  
 

Vispgrädde är en olja i vatten emulsion vilket innebär en emulsion där en oljefas är 

dispergerade i en vattenfas. Då man vispar en vispgrädde kommer luft att 

inkorporeras i grädden och det kommer bildas ett skum. Luftbubblorna i grädden 

kommer att omgärdas av delvis sammansmälta fettdroppar vilka har en stabiliserande 

verkan på det bildade skummet. Traditionellt tillverkas vispgrädde av mjölk men 

vispgräddar baserade på vegetabiliska fetter används idag i allt större utsträckning. 

Dessa vispgräddar baserade på vegetabiliska fetter anses inneha ett flertal föredelar 

gentemot traditionella vispgräddar då de både är billigare och dess egenskaper i 

högre utsträckning kan skräddarsys med avseende på slutproduktens 

användningsområde. 

 

Syftet med föreliggande studie var att undersöka hur olika typer av 

fettsammansättningar påverkar egenskaperna hos vispgräddar baserade på 

vegetabiliska fetter. Studien syftade också till att öka förståelsen för hur samspelet 

mellan de övriga ingredienserna i olika vispgräddsrecept påverkar gräddens 

egenskaper. Kunskap om dessa parametrar kan förhoppningsvis öka möjligheterna 

för att kunna tillverka fetter som är specialanpassade för olika vispgräddars recept. 

Detta utfördes genom att undersöka olika fysikalkemiska egenskaper hos tre olika 

fetter. Fetterna användes sedan för att tillverka vispgräddar av tre olika recepttyper. 

Egenskaperna för de tillverkade vispgräddarna analyserades och utvärderades varpå 

fetternas egenskaper och vispgräddarnas egenskaper sattes i förhållande till varandra.   

 

Resultaten från studien visar på att fetternas egenskaper i hög grad påverkar vilka 

egenskaper en vispgrädde får. Studien visar bland annat att ett hårt fett som i hög 

grad är i fast form vid ett brett temperaturintervall ger en vispgrädde med en god 

skumstabilitet och en grädde som dessutom kan inkorporera sin maximala luftmängd 

på en mycket kort vispningstid. Resultaten från studien visar också att andra 

ingredienser än fetterna påverkar gräddarnas egenskaper. Exempelvis indikerade 

resultaten från studien på att en hög sockerhalt tycks ge vispgräddar en hög 

frystålighet. Förutom sockrets inverkan på frysstabiliteten var det mycket svårt att 

påvisa vilka ingredienser som påverkar vilka gräddegenskaper och vidare studier 

krävs för att kunna klargöra hur samspelet mellan de olika ingredienserna påverkar 

vispgräddars egenskaper.  

 
2 Background 
 

Whipping creams based on vegetable oils and fats are used in a vast number of 

applications. Compared to whipping cream made from dairy cream, the vegetable 

based ones can be tailor-made to a much larger degree. This is done by varying the 

recipe and the vegetable fat systems used. The sensory properties, the overrun i.e. the 

amount of air that is incorporated in the system and the firmness of the whipped 
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foam can in this way be changed in a controlled manner. The price of the vegetable 

fat is also lower than for dairy cream. Fat has several important roles in whipping 

cream. It is responsible for the rich creamy experience and the mouth feel during 

consumption and it is very important for the overrun and the firmness of the foam. 

Several fat properties are of utmost importance to get a high quality cream. The 

amount of crystals should be high at refrigerator temperature. This is important to get 

a good overrun and a firm whipped cream. Most of the fat needs to be liquid at 

mouth temperature otherwise a waxy layer will remain in the mouth. There are a lot 

of different recipes available for whipping creams based on vegetable fats and oils. 

On one extreme is recipes made of skim milk powder, fat and emulsifier/stabilizer. 

On the other extreme is recipes made with soya protein, fat, added sugars and 

emulsifier/stabilizers. Then there are a lot of recipes in between. The interplay 

between all the ingredients seems to be very important. One vegetable fat system can 

function perfect in one cream recipe and perform really poorly in another one. This 

shows that the interplay of all the ingredients in the cream recipe is important, 

especially that between the fat, the proteins, emulsifier/stabilizers and the sugars.  

 

3 Introduction  

3.1 Whipping creams and the whipping process   
 

Whipping creams are oil in water emulsions which by whipping can be formed to a 

foam by the incorporation of air into the system (1). During the whipping the cream 

forms a dispersion of air bubbles which are surrounded by partly coalesced fat at the 

interface between the air and the liquid (2). Partly coalesced fat are formed when a 

solid fat crystal from one oil droplet penetrates into the liquid phase of another fat 

droplets, see figure 1 for a schematic picture of the event (3). The formation of the 

partly coalesced fat is desirable as it keeps the fat aggregated in the emulsion and 

leads to an increased viscosity of the cream (3). The fat layer provide the foam with a 

mechanical strength which stabilizes the foam and have positive impact on the 

products texture (3). For optimal stabilization properties it is important that the size 

of the formed fat clumps are of approximately the same size as the air cells (4).  

 

 

 
 

Figure 1. A schematic picture of partial coalescence in oil-in water emulsions. A solid fat crystal from 

one oil droplet penetrates into the liquid phase of another fat droplet and creates a partial coalescence 

fat droplet (3).  
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During the whipping process the air cells in the cream becomes smaller and they 

increases in number whereas the fat continue to accumulate at the air/liquid interface 

(5). This event increases the volume and stiffness of the foam (5). The amount of air 

that is able to be incorporated in the whipping cream is termed overrun (6). The 

overrun is defined as the relative difference in density of the cream mix and whipped 

cream and are calculated by the following equation (2):  

 

  
 

A high overrun is desirable as it provides fluffy and voluminous foams. If the 

whipping continues over the maximal overrun the foam starts to collapse and in 

worse case the cream starts to churn (5). The degradation occurs because the fat 

clumps in the interface becomes so big that they break the air cells which leads to 

coalescence of the air cells and thereby to the collapse of the foam (5). The extent of 

the fats partial coalescence are therefore of great importance as it will affect both the 

creams overrun and foam stability (7).  

 

3.2 Variables that influence the whipping process and the cream 
properties  
 

A cream with good whippability is defined as a cream that within a couple of 

minutes easily is whipped into a stable, firm and homogeneous foam with an overrun 

of at least 100% (4). There are several variables that influence the properties of 

whipping creams (4). The fat content and the fat characteristics are two important 

parameters (4). A high fat content contributes to an increased stability and rigidity of 

the foam as the fat droplets surrounds and encloses the air cells (5). However a high 

fat content also decreases the ability of the foam to incorporate air into the system 

which leads to a decreasing overrun (5). When it comes to the solid fat content it is 

favourably for the creams whippability and foam stability that the solid fat content is 

high at both whipping temperature and storage temperature (1, 8). For the sensory 

aspect it is important that the fat melts at mouth temperature (1, 8). To enable a 

favourable partial coalescence rate of the fat it is important that there is a balance 

between the solid phase and liquid phase and the solid fat content should not be 

lower than 40% (2, 3, 9). If the solid fat content is to low the fat will accumulate to 

rapid which leads to an instable foam (4). The optimal solid fat content of a whipping 

cream depends both on the morphology of the fat crystals and location of the fat 

crystals within the fat droplets (3). 

 

Other ingredients and physical actions also influence the whipping process and 

thereby the formation and properties of the foam (4). Both proteins and 

stabilizers/emulsifiers enhance the foam stability of whipping creams by forming a 

film around the air cells and oil droplets which protects the system from coalescence 

(9, 10). Sugar is an ingredient that is often added to whipping creams and besides 

providing sweetness to the product sugar also contributes to an increased viscosity 

(8). In the case of whipping cream this leads to improved whipping properties (8). 

Sugar also lowers the freezing point of liquids whereupon the addition of sugar could 

affect the creams freeze-thaw stability (8). Examples of physical actions that affect 
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the whipping properties and the foaming of whipping creams are homogenization 

and pasteurization (4, 5). Homogenization influence the whipping properties because 

it affect the size of the fat globules in the emulsion (5). It is important to have a well 

controlled homogenization as both an excessive and insufficient homogenization 

could lead to a reduced whippability and foam stability (8). During pasteurization the 

heat will affect the whipping properties of the cream (5). Generally a high 

pasteurization temperature increases the whipping time, decreases the overrun and 

the foam stability as the heat increases the size of the fat globules in the cream (5, 7). 

The increased size of the fat globules will contributes to an enlarged and undesirable 

fat aggregation which leads to the decreasing whippability and foam stability (7). 

The heat will also affect the structural characteristics of the proteins in the cream 

which could be negative for the proteins ability to stabilize the foam (7).  

 

The foam stability of whipping creams can also be affected by physical actions like 

for example freezing (11). During freezing the layer of emulsion between the air 

cells are being reduced due to the cryoconcentration caused by the ice formation 

(11). The cryoconcentration also alters the ion strength and polar solute 

concentration which affects the properties of the molecules in the liquid phase of the 

emulsion (11). The formed ice crystals can also achieve mechanical damage to the 

air cells in the foam (11). These effects influence the creams foam stability 

negatively as they can cause the foam to collapse when it is reheated during thawing 

(12). As mentioned earlier freezing point depressing agents such as sugars could 

somewhat have positive influence on the freezing-thaw properties of whipping 

creams (8). Since many products containing whipped cream nowadays are being 

frozen it is of great commercial importance that these creams can withstand freezing 

and show good freeze-thaw stability.  

 

3.3 Imitation whipped creams  
 

Whipped creams are traditionally made out of milk but today imitation creams or 

artificial creams have gained a large share of the existing market because of their 

many benefits compared with dairy creams (8). Imitation creams or artificial creams 

are based on vegetable fat, water, emulsifier, stabilizer, sugar, flavour and protein 

sources such as sodium-caseinate, skimmed milk and soya proteins (8). There are 

both economical and functional aspects that makes imitation whipped creams more 

favourable than dairy based creams (1). The artificial creams are often far less 

expensive than the dairy creams which is appealing to both manufacturers and 

consumers (1). Another advantage with imitation creams is that they do not posses 

any seasonal variations which often occurs in traditional dairy creams (8). By vary 

the cream recipe, the properties of the imitation creams can be adapted to fit the 

purpose of a specific product (1). As the fat characteristics is very important for the 

properties of  whipping creams the whippability and the foaming can easily be 

improved by altering the fat solution in the recipes (1). Since the recipes of imitation 

creams can be tailor-made these products often posses better whipping properties, 

foam stability and freeze-thaw stability than dairy creams (1, 8). 
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3.4 Fat crystallization behaviour and the polymorphism of fat 
crystals 
 

When producing food products containing fat or lipids it is important to be aware of 

the fact that the physicochemical and sensory properties of the end products will be 

influenced by the physical state of the fat or lipids (6). Knowledge about the fat 

systems crystallization behaviour and solid fat content i.e. the ratio between the solid 

and liquid phase of the fat and lipids are therefore of great importance when 

producing fatty food products (6).  

 

The solid fat content is defined as the percentage of lipid that is present in the solid 

state at a specific temperature (6). The solid fat content is one of the most crucial 

features needed to be taken into consideration when selecting a fat system for a 

product as it affect the properties of the end products (6, 13). In whipped creams a 

well balanced solid fat content promotes partial coalescence and adds stiffness to the 

interface between the air and liquid phase (2). The solid fat content is based on the 

fats crystallization characteristics and therefore the phase transformation properties 

of the fat and lipids (6). 

 

The phase transformation of a fat normally occurs when the temperature of the fat is 

altered (6). As the temperature of a fat is lowered under its melting point the fat is 

transformed from a liquid state to a solid state (6). When this happens the fat starts to 

crystallize (6). The crystallization process of a fat is divided into different stages 

where the main stages are nucleation, crystal growth and post crystallization events 

(6, 14). The crystallization is initiated by the nucleation which involves the formation 

of nucleus which consists of aggregated oil molecules (6). After the nucleus has been 

formed molecules from the liquid state will incorporate with the solid-liquid interface 

which leads to the growth and development of fat crystals (6, 14). Post crystal events 

affect the fat characteristics and includes polymorphism transformation and changes 

in the size of the fat crystals (6).  

 

Triglycerides have the ability to be stacked in different packing patterns which leads 

to the formation of different crystalline structures (6, 15). The variation of the 

crystals exists because the subcells i.e. parts of the crystal unit consisting of two 

carbon-atoms of each fatty acid chain, can occur in different lateral and vertical 

arrangements (16, 17). This variation creates different chain-packing patterns where 

the fatty chains within the bilayers of the crystals holds different tilts (16). The 

subcell structures are defined as the cross-section packing arrangement of the fatty 

chains in the crystal (16, 18). Triglycerides are considered to posses three main 

polymorphs; α, β´ and β (18). The polymorphs are based on three different types of 

subcells structures where the fatty chains either are present in the form of hexagonal 

packing, orthorhombic packing or triclinic packing (17, 18). In the hexagonal subcell 

structure each fatty chain is encircled with six other fatty chains placed within the 

same distance from each other (17). The orthorhombic subcell structure are 

characterized by the perpendicular arrangement of the lateral and horizontal fatty 

chains which gives the subcells a more denser packing than the hexagonal packing 

pattern (17). The triclinic subcell structure is even more dense than the orthorhombic 

arrangement and in this packing pattern the lateral fatty chains are arranged in the 
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same direction whereas the horizontal placement of the fatty chains alters (17). The 

α-form is characterizes by the hexagonal subcell arrangement, the β´ is characterized 

by the orthorhombic subcell arrangement and the β-form is characterized by the 

triclinic subcell arrangement, see figure 2a (16). Because of the structural differences 

the three polymorphs shows different crystallization characters such as crystallization 

rate, crystallization temperature, enthalpy, crystal size, and crystal morphology 

which influence the properties of the fat solution and thereby the end product (18).  

 

 

 
Figure 2. Adapted reprint from Chemical Engineering Science, 56 (7), Kiyotaka Sato, Crystallization 

behaviour of fat and lipids - a review, 2255-2265, copyright (2013), with permission from Elsevier.   
 
a. Schematic illustration of  the crystal structures of the three different polymorphs (18). The 

hexagonal packing pattern is characteristic for the α-form, the orthorhombic packing pattern is 

characteristic for the β´-form and the triclinic packing pattern is characteristic for the β-form (18).  
 

b. Schematic illustration of  the two main chain length structures of fat crystals, the double chain 

structure and triple chain structure (18).  

 

The fat crystals can also vary in their chain length structure which provides the 

crystals with another dimension of variation (18). The chain length structure is 

defined as the repetitive sequence of fatty chains which build up the thickness of the 

crystal layers (15, 17, 18). The two main chain structure of fat crystals are double 

chain length structure and triple chain length structure, see figure 2b (18). It is the 

type and position of the fatty acids in the triglyceride that determines what type of 
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chain length structure the fat crystal will posses (18). If the three fatty acids in the 

triglyceride have the same or similar chemical properties the chain length will be 

formed in a double chain form (18). If one of the three fatty acids within the 

triglyceride has chemical properties that vary a lot from the other two fatty acids a 

triple chain length structure will be formed (18).  

 

As a result of the structural differences the fat polymorphs shows different crystal 

morphology (18). The α-form consists of very tiny crystals with an amorphous shape, 

the β´ crystals are a bit larger than the α-form and posses a bulky form while the β-

form consists of large crystals that  is needle shaped which tends to grow into clumps 

that can cause a grainy consistency in the fat (14, 18). These differences in shape 

give the polymorphs different textures and the different crystal structures are 

therefore desired in different fatty products (2, 6). In whipped cream the β´-form is 

thought to be the most desirable because of its size and its ability to incorporate a 

large amount of liquid oil into the crystal network as the β´-form promotes a high 

rate of partial coalescence (2).  

 

The different packing arrangements also provides the polymorphs with different 

values of Gibb´s free energy where the α-form has the highest value, the β´-form the 

intermediate value and the β-form the lowest value (17, 18). The polymorphs with a 

higher molar free energy strives to transform to a polymorphs with a lower molar 

free energy (17). This makes the α-form the most instable polymorph while the β-

form is considered to be thermodynamically stabile (17). Even though the α-form is 

the most instable crystal structure fats initially tends to crystallize into this form as 

the α-form posses the lowest activation energy needed for the nuclei formation (6). 

The transformation of one polymorph into a polymorph with a lower molar free 

energy is one example of a post crystallization event which influence the properties 

of a fat system (6). There should be noted that the polymorphic transition often 

occurs at a different rate in emulsified lipids than in lipids in bulk (19). As the 

melting point and the heat of fusion of a fat system also depends on the free molar 

energy these properties also vary between the three polymorphs (6). Denser packing 

arrangement provides the crystals with  lower free energy which leads to a higher 

melting point and a higher enthalpy of fusion (6). Therefore the α-form tends to have 

the lowest melting points while the β-form has the highest and the β´-form the 

intermediate melting point (14).   

 

Besides the transformation from one polymorph into another there are other  post 

crystallization event which influence the characteristics of the fat crystals (6). The 

crystal sizes can be altered by either Ostwald ripening or crystal aggregation (6, 13, 

19). During Ostwald ripening fat molecules migrates from small crystals to larger 

ones and during crystal aggregation two or more crystals are merged together and 

thereby creates a larger crystal (19). Both events leads to the formation of larger 

crystals which will have an affect both on the sensory and physiochemical properties 

of the end products as the product will lose its consistency (13, 19).   

 

As the quality of end products such as chocolate, margarine and whipped cream are 

very dependent on fat crystal properties, knowledge about both solid fat content and 

crystallization features are important when developing or improving these kind of 
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products (18). The solid fat content can be assessed by Nuclear Magnetic Resonance 

(18). X-ray diffraction and Differential Scanning Calorimetry can be used to study 

the molecule structure and crystallization behaviour of fats and lipids (18).  

 

3.5 Technical background 
 
3.5.1 Differential Scanning Calorimetry 

Differential Scanning Calorimetry (DSC) is a thermal analysis method that examines 

how the heat of a material is changed by temperature (20). The method measures the 

differences in temperature between a test sample with a known mass and an empty 

reference sample as the temperature of the two samples are altered (21). As the 

temperature is changed there will be a difference in heat capacity between the test 

sample and the reference which will lead to a difference in temperature between the 

samples (21). This temperature difference is related to the heat capacity change in the 

test sample which can be converted into changes in enthalpy (21). Knowledge of the 

changes in enthalpy in a material enables the comparison of physical properties 

between different objects (20). This method can be used for the characteristics of fat 

and lipids as DSC can be used to analyze the crystallization and melting properties of 

fat and lipids such as melting point, onset temperature of crystallization and 

variations of enthalpies (20). DSC is a valuable tool in the fats and oils industry 

where it is used in both quality control and in the development of new products 

where the crystallization and melting properties of different fats and lipids are very 

important (20).   

 
3.5.2 X-ray Diffraction 

X-ray diffraction (XRD) is a method that can be used for the characterization of 

crystal structure and polymorphism in fat and lipids (6, 15, 16). During an X-ray 

diffraction measurement a crystalline sample is bombarded with an X-ray beam (22). 

When the beam hits the sample it will scatter in a specific pattern that is 

characterized by the atomic lattice of the sample (22). The spacing between the 

atomic lattices within the crystal can be investigated by vary the angel of the 

scattering planes of the X-ray (22). The intensity of each diffraction pattern at each 

angle is recorded and the crystal structure of the sample can be identified by applying 

the information obtained from the diffraction pattern in the equation of Bragg’s law 

(22). Bragg´s law is an equation that defines how a beam is reflected when it hits a 

crystal, see equation 2 (22):  

 

  

d is the spacing between the planes in the atomic lattice, λ is the wavelength, n is an 

integer and θ is the angle between the incident beam and the scattering planes (22). 

The polymorphism of a fat crystal can be characteristic by the measurement of the 

short spacing i.e. the spacing between lateral chains packing in the crystal (15). The 

three different polymorphs of the fat crystals of triglycerides possess different short 

spacing diffraction patterns (16). The diffraction patterns for an α-form crystal is 

characterized by one strong short-spacing line near 4,15 Å and the diffraction 
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patterns for a β´-form crystal is characterized by two short-spacing lines near 3,80 Å 

and 4,20 Å (16). The β-form is defined as a crystal that posses a diffraction pattern 

which does not satisfy the criteria for neither the α-form or the β´-form (16). The 

crystal chain length structure can also be characterized by X-ray diffraction. This is 

done by measuring the long spacing i.e. the spacing between the bilayers of the 

crystal (15). Just like Differential Scanning Calorimetry X-ray diffraction is a 

valuable and well-used tool in the fats and oils industry as it can be used to assess 

polymorphic changes with time.  

3.5.3 Nuclear magnetic resonance  

Nuclear magnetic resonance (NMR) are among many things used for the 

measurement of the solid fat content in fatty foods (6). The solid fat content is an 

important factor that influence many of the properties of foods containing fat and 

lipids (6). The principle of NMR are based on the fact that some nuclei holds a 

nuclear magnetic moment and when placed in a magnetic field these nuclei align in 

different directions (23, 24). When a pulse of radio frequency energy is applied to the 

nucleus in the magnetic fields the electric environment of the nucleus can be 

monitored which enables the determination of the properties of the molecules (24). 

The determination of solid fat content by NMR is based on the direct measurement 

of the ratio between the response from the hydrogen nuclei in the solid and liquid 

parts of the sample (25). When the radio frequency is applied to a fat sample in a 

magnetic field the hydrogen nucleuses are excited which generates a detectable 

signal (23, 24). Depending on their physical state the hydrogen nucleuses sends out 

signals of different length and thereby the duration of the signal indicates how much 

of the hydrogen that is present in each physical state (23, 24). The method of using 

NMR for determination of solid fat content are classified as an international ISO 

method and is thereby widespread in the food industry (23). 

 
3.5.4 Rheometer  

A rheometer can be used for analyzing the rheological properties of a liquid, 

suspension or slurry (3). A rheometer measures the way in which a sample flows in 

response to an applied force (3). By subject a sample to a controlled shear stress the 

resulting shear strain can be measured and based on the stress-strain relationship the 

rheological properties of the sample can be determined (3). One way in which the 

rheological properties of a fluid can be expressed is in terms of storage modules (G´) 

which correspond to the viscoelasticity of the fluid (3).   

 
3.5.5 Texture analyzer (Penetrometer)  

A texture analyzer (penetrometer) can be used to measure the texture and quantify 

properties such as strength, hardness, brittleness and consistency of different kinds of 

products (26). One way than the textural properties of a product can be assessed is by 

measuring the force that is needed to penetrate a sample of the product (26). The 

texture is of great importance for many food properties and a texture analyzer is 

therefore a valuable tool in the food industry.  
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3.5.6 Viscometer  

The viscosity of a fluid is simplified defined as the resistance a fluid shows when it is 

applied to a shear stress and is commonly explained as the “thickness” of a fluid 

(27). By using a viscometer the viscosity of a fluid can be measured and assessed. 

 

4 Aim and objectives  
 

The aim of this thesis is to increase the understanding of how different types of fat 

systems and their characteristics affect the properties of different whipping cream 

recipes based on vegetable oils and fats. The thesis also intends to provide a better 

understanding of how the overall interplay between all the ingredients influences the 

properties of these types of whipping creams.  

 

This will be accomplished by study three vegetable fat systems, provided by 

AarhusKarlshamn Sweden AB, which possess different physicochemical properties. 

The properties of the fat systems will be characterized and then the three fats will be 

used to make imitation whipping creams. Three cream recipes, provided by Danisco 

A/S, with different ingredients will be used and the properties of the creams will be 

characterized. Finally the properties of the fat systems and the properties of the 

creams will be assessed and compared with each other. The obtained information 

will hopefully increase the possibility to tailor make a high performing vegetable fat 

systems for a given cream recipe. 

 

5 Materials and methods  
 

5.1 Examination of the fat systems  
 
5.1.1 Fat systems  

The physical characteristics and description of the three fat systems as described in 

the manufacturer’s product sheets are given below. 

 

Fat 1 (Akotop P70)  
Akotop P70 is a hydrogenated, refined vegetable fat. The product has a good stability 

and long shelf life. The fat solution is particularly suitable as an alternative to dairy 

fat in whipped cream and toppings and in powdered dairy products. Akotop P70 is 

fast-crystallizing and has good whipping properties. Akotop P70 is used in 

particularly whenever neutral taste is an important parameter.   

 

 

Specifications   

Free fatty acid as lauric acid (%)                       Max 0.1 IUPAC 2.201 (m) 

Peroxide value (meq/kg) Max 0.5 AOCS Cd 8b-90 (m) 

Iodine value Hanus Max 6 IUPAC 2.205 

Flavour Neutral Sensoric 
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Typical Values   

Density 50˚C (g/cmˆ3) 0.89 Electronic density meter 

Slip melting point (˚C) 35 AOCS Cc 3-25 

 

 

Solid fat content 

 

 

 

 

 

IUPAC 2.150 (a) 

20˚C (%) 86  

25˚C (%) 61  

30˚C (%) 27  

35˚C (%) 8  

Saturated fatty acids (%) 95 IUPAC 2.304 

Monounsaturated fatty acids (%) 2 IUPAC 2.304 

Polyunsaturated fatty acids (%) <1 IUPAC 2.304 

Trans-fatty acids (%) 3 IUPAC 2.304 

 

 

 

Fat 2 (Akotop NH100) 

Akotop NH100 is a non-hydrogenated, refined vegetable fat. The product has a good 

stability and long shelf life. Akotop NH100 is particularly suitable as an alternative 

to dairy fat in whipped cream and toppings. Akotop NH100 has fast crystallization 

and good whipping properties.   

 

 

Specifications   

Free fatty acid as lauric acid (%)                       Max 0.1 IUPAC 2.201 (m) 

Peroxide value (meq/kg) Max 0.5 AOCS Cd 8b-90 (m) 

Iodine value Hanus 14-20 IUPAC 2.205 

Flavour Neutral Sensoric 

 

Typical Values 

  

Density 50˚C (g/cmˆ3) 0.89 Electronic density meter 

Slip melting point (˚C) 31 AOCS Cc 3-25 

Solid fat content  IUPAC 2.150 (a) 

10˚C (%) 86  

20˚C (%) 67  

30˚C (%) 17  

35˚C (%) Max 2  

Saturated fatty acids (%) 84 IUPAC 2.304 

Monounsaturated fatty acids (%) 13 IUPAC 2.304 

Polyunsaturated fatty acids (%) 2 IUPAC 2.304 

Trans-fatty acids (%) Max 1 IUPAC 2.304 
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Fat 3 (Akotop XP)  
Akotop XP is a hydrogenated, interesterified, non-trans vegetable fat.  

 

 

 

Typical Values  

Solid fat content  IUPAC 2.150 (a) 

10˚C (%) 77  

20˚C (%) 50  

25˚C (%) 34  

30˚C (%) 17  

35˚C (%) 5  

Saturated fatty acids (%) 75 IUPAC 2.304 

Monounsaturated fatty acids (%) 21 IUPAC 2.304 

Polyunsaturated fatty acids (%) 4 IUPAC 2.304 

Trans-fatty acids (%) <1 IUPAC 2.304 

  

 
5.1.2 Texture studies of the fat systems 

The fat was melted in a microwave oven. Approximately 40 grams of each fat was 

weighted into individual and marked test tubes. The tubes were placed in a heating 

cabinet with the temperature of 70°C. When all the samples had reached 70°C the 

tubes were moved into a cooling cabinet equipped with fans set at 5°C. The samples 

remained in the cooling cabinet for one hour while the fat crystallized. After an hour 

the tubes were placed in a refrigerator with the temperature of 5°C over night. 

Studies of the texture were performed the next day. The studies were performed with 

a TA.XTplus Texture Analyser from Stable Micro Systems equipped with the probe 

P/2N. The penetrometer was programmed and the test mode was set on compression. 

The pre-test speed was set on 1,00 mm/s, the test-speed was set on 0,3 mm/s and the 

post-test speed was set on 10,00 mm/s. The target mode was set on distance and the 

distance was set on 15 mm. The trigger type was set on Auto (Force) and the trigger 

force was set on 5,0 g. Triple test were performed for all three fat systems.   

 
5.1.3 Solid fat content measurements of the three fat systems 

The fat was melted in a microwave oven. Marked NMR tubes were filled with 

approximately 5 cm of fat. The tubes were placed in a heating cabinet set at 70°C. 

When all the samples had reached 70°C the tubes were moved into a cooling cabinet 

held at 5°C and equipped with fans. The sample remained in the cabinet for one hour 

while the fat crystallized. After an hour the tubes were placed in one of three storage 

cabinets set at 5°C, 10°C and 15°C. The first NMR studies were performed after 24 

hours, day 1, and the second measurement one week later, day 7. The measurements 

were performed with a NMS 1200 Minispec NMR Analyser from Bruker. Triple test 

were performed at the three different temperatures for all three fat systems. 

 
5.1.4 X-Ray Diffraction studies of the polymorphism of the three fat systems  

The fat was melted in a microwave oven. X-ray plates were marked and 

approximately 0,65 grams of fat was applied on each plate. The plates were placed in 



  
 

13 

a heating cabinet with the temperature of 70°C. When all the samples had reached 

70°C the plates were moved into a cooling cabinet held at 5°C and equipped with 

fans. The samples remained in the cabinet for one hour while the fat crystallized. 

After an hour the plates were placed in a storage cabinet set at 5°C. The first XRD 

analyses were performed after 24 hours, day 1, and the second measurement one 

week later, day 7. The measurements were carried out at room temperature with a 

D5000 Diffraktometer from Siemens equipped with a Kristalloflex from Siemens. 

The measuring equipment was set on Cu Kα radiation at a tube load of 40 kV and 40 

mA. The wavelength was 1,54 Å and the equipment was fitted with a V20 

divergence slit. Diffractograms of both long spacing and short spacing were 

measured for all three fat systems. During the long spacing measurements the 

diffractograms were taken between 1,10° and 8,02° with the step size of 0,04°, the 

step time of 0,5 seconds and the total measurement time of 1 minute and 27 seconds. 

During the short spacing measurements the diffractograms were taken between 17,0° 

and 27,0° with the step time of 0,5 seconds and the step size of 0,04° and the total 

measurement time of 2 minutes and 6 seconds. Triple test were performed for the all 

three fat systems at both day 1 and day 7. 

 
5.1.5 Differential Scanning Calorimetry measurements on the three fat systems  

The fat was melted in a microwave oven. Approximately 10 mg fat was applied in 

each DSC capsule and the weight was noted whereupon the capsules were sealed. 

The capsules were placed in a heating cabinet set at 70°C. When all the samples had 

reached 70°C the capsules were moved into a cooling cabinet set at 5°C and 

equipped with fans. The samples remained in the cabinet for one hour while the fat 

crystallized. After an hour the capsules were placed in a storage cabinet set at 5°C. 

The DSC measurements were performed after 24 hours, day 1, and one week later, 

day 7. The measurements were performed with a DSC822 equipped with a 

TSO801RO Sample Robot both from Mettler and Toledo. During the measurements 

the samples were first held at 5°C for 1 minute and then heated to 70°C at a rate of 

5°C /min. The samples were then cooled to -30°C at a rate of 5°C/min and then 

heated again with a rate of 5°C /min to 70°C. The melting and cooling thermograms 

were recorded and analyzed. During the result analysis the samples were normalized 

with respect to their weight. Triple test for both test day 1 and test day 7 were 

performed for all three fat systems.      

 
5.1.6 Rheology studies of the three fat systems 

The fat was melted in a microwave oven and approximately 0,75 ml fat was used 

during each rheology measurement. The instrument used for the rheology 

measurements was a Physica MCR 301 from Anton Paar equipped with the probe 

PP25/P2. The rheology test was divided into five intervals. At the first interval the 

temperature was set at 70°C and the speed was set on 25 rpm. At the second interval 

the temperature was reduced to 45°C and the speed was reduced to 10 rpm. At the 

third interval the temperature was reduced to 5°C and the oscillation was set to 

0,001%.  At the fourth interval the temperature was held at 5°C and the oscillation 

was held at 0,001%. At the fifth interval the temperature was held at 5°C whereas the 

oscillation was increased to 0,2%. Triple test were performed for all three fat 

systems. 
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5.2 Examination of the creams  
 
5.2.1 Preparation of the cream mixes 

Three recipes, provided by Danisco A/S, with different ingredients were used for the 

whipping cream production. For each of the three recipes three different fat systems 

provided by AarhusKarlshamn Sweden AB were used. Triple tests were performed 

for all the nine possible combinations. For each batch 5000 g of cream was produced.  

 

Recipe 1.  

 

Formulation (% by weight)  

Vegetable fat 23,0 

Soya Protein Isolate (Supro 120 IP) 0,2 

Sucrose  18,0 

Sorbitol, 70% 1,0 

Maltodextrin 20 DE 1,0 

GRINDSTED W 4645 Stabilizer Emulsifier System 2,4 

Water  54,4 

 

The fat was melted with the stabilizer/emulsifiers in a microwave oven until the 

solution had reached 70°C. The rest of the ingredients were added to the water phase. 

The water phase was heated to 70°C in a FT40 multi-purpose processing vessel from 

Armfield equipped with a L4R stirrer from Silverson. The stirrer was set on the 

highest speed and the fat phase was slowly poured into the water phase during 

continuously stirring while the temperature was held at 70°C. The cream solution 

was stirred for 10 minutes while the temperature was maintained at 70°C. The cream 

was then pasteurized at 80°C for 15-30 seconds with a FT74P&T plate heat 

exchanger from Armfield. After the pasteurization the cream was homogenized with 

a SS1001L homogeniser from Niro Soavi at 350/50 bar while the temperature was 

held at 70°C. After the homogenization the cream was cooled to between 5°C and 10 

°C with the plate heat exchanger and a WKLA 4600 cooler from Lauda. After the 

cooling the cream was moved to a refrigerator with the temperature of 5°C and 

stored for at least 24 hours. 

 

Recipe 2.  

 

Formulation (% by weight)  

Vegetable fat 28,0 

Skimmed milk powder  6,4 

Water  57,3 

Na-caseinate 0,7 

Sucrose  6,0 

Sorbitol, 70% 1,0 

GRINDSTED WP 920 Stabilizer System 0,5 

GRINDSTED LACTEM P22 Lactid Acid Ester 0,6 

PANDODAN 165 DATEM 0,3 
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The fat was melted with the stabilizer/emulsifiers in a microwave oven until the 

solution had reached 70°C. The milk powder was added to the water and the solution 

was stirred. The rest of the ingredients were added to the milk and the solution was 

stirred again. The water phase was heated to 70°C in a FT40 multi-purpose 

processing vessel from Armfield equipped with a L4R stirrer from Silverson. The 

stirrer was set on the highest speed and the fat phase was slowly poured into the 

water phase during continuously stirring while the temperature was held at 70°C. 

The cream was stirred for 10 minutes while the temperature was maintained at 70°C. 

The cream was then pasteurized at 80°C for 15-30 seconds with a FT74P&T plate 

heat exchanger from Armfield. After the pasteurization the cream was homogenized 

with a SS1001L homogeniser from Niro Soavi at 150/50 bar while the temperature 

was held at 70°C. After the homogenization the cream was cooled to between 5°C 

and 10 °C with a plate heat exchanger and a WKLA 4600 cooler from Lauda. After 

the cooling the cream was moved to a refrigerator with the temperature of 5°C and 

stored for at least 24 hours.    

 

Recipe 3.  

 

Formulation (%by weight)  

Vegetable fat 26,7 

Water  55,6 

Na-caseinate 0,7 

Sucrose  13,0 

Sorbitol, 70% 2,0 

GRINDSTED WP 950  2,0 

 

The fat was melted in a microwave oven until the solution had reached 70°C. The 

stabilizer/emulsifier was dispersed in the water and the solution was stirred. The rest 

of the ingredients were added to the water phase and the solution was heated to 70°C 

in a FT40 multi-purpose processing vessel from Armfield equipped with a L4R 

stirrer from Silverson. The stirrer was set on the highest speed and the fat phase was 

slowly poured into the water phase during continuously stirring while the 

temperature was held at 70°C. The cream was stirred for 10 minutes while the 

temperature was maintained at 70°C. The cream was then pasteurized at 80°C for 15-

30 seconds with a FT74P&T plate heat exchanger from Armfield. After the 

pasteurization the cream was homogenized with a SS1001L homogeniser from Niro 

Soavi at 150/50 bar while the temperature was held at 70°C. After the 

homogenization the cream was cooled to between 5°C and 10 °C with the plate heat 

exchanger and a WKLA 4600 cooler from Lauda. After the cooling the cream was 

moved to a refrigerator set at 5°C and stored for at least 24 hours.    

 
5.2.2 Solid phase content measurements of the creams mixes 

As the cream mixes contain other materials than fat which are able to crystallize the 

solid phase content was measured instead of the solid fat content. The measurements 

of the solid phase content of the creams were performed with a NMS 1200 Minispec 

NMR Analyser from Bruker. The direct display method was employed during the 

measurements. Tipple test were performed for all the produced batches. Marked 

NMR tubes were filled with approximately 5 cm of cream. The tubes were placed in 
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a refrigerator with the temperature of 5°C. The first NMR measurements were 

performed after 24 hours, day 1, and the second measurements were performed one 

week later, day 7.  

 
5.2.3 Differential Scanning Calorimetry measurements on the cream mixes 

The melting and freezing properties of the creams were analyzes with a DSC822 

from Mettler Toledo equipped with a TSO801RO Sample Robot from Mettler 

Toledo. Approximately 10 mg cream was used for each DSC capsule and the weight 

was noted whereupon the capsules were sealed. The capsules were placed in a 

refrigerator set at 5°C. The first DSC measurement was performed after 24 hours, 

day 1, and the second DSC analyses a week later, day 7. Two types of studies were 

performed. The first study was about the melting properties of all the creams and the 

second study was about the freezing properties of the three cream recipes containing 

fat 1 (Akotop P70). During the melting studies the samples were first held at 2°C for 

5 minutes and then the samples were heated to 60°C at a rate of 5°C /min. During the 

freezing studies the samples were first held at 5°C for 5 minutes and then the 

samples were cooled to -50°C at a rate of 5°C /min. The melting and cooling 

thermograms were recorded and analyzed. During the result analysis the samples 

were normalized with respect to their weight.  

       
5.2.4 Whipping process and overrun studies of the whipped creams  

The cream was whipped three days after the manufacturing. The whipping was 

carried out in a house hold mixer from Hobart. Speed level three was used. Before 

the whipping started approximately one dl of the cream was weighted and the weight 

was noted. The cream was whipped for 15-30 seconds and then one dl of the 

whipped cream was weighted and the weight was noted. This procedure was 

continued for five minutes or until the weight of the cream no longer decreased but 

instead increased. The overrun of the whipped cream was determined as the relative 

difference in density of the cream mix and whipped cream, see equation 1.  

 
5.2.5 Penetrometric studies of the creams consistency 

The consistency of the whipped creams were measured by using a TA.XTplus 

Texture Analyser from Stable Micro Systems equipped with the probe P25. The 

penetrometer was programmed and the test mode was set on compression. The pre-

test speed was set on 1,00 mm/s, the test-speed was set on 1,00 mm/s and the post-

test speed was set on 10,00 mm/s. The target mode was set on distance and the 

distance was set on 10 mm. The trigger type was set on Auto (Force) and the trigger 

force was set on 5,0 g. Marked cups were filled with whipped cream with the 

maximum overrun and the surface was smoothed with a knife. The cups were placed 

in a refrigerator with the temperature of 5°C for one hour whereupon the 

penetrometeric studies were performed. 

 
5.2.6 Piping test of the creams foam stability  

The piping test was performed by squeezing the whipped cream through a cone used 

for topping onto a sheet at room temperature. The foam stability of the cream was 

visually assessed and ranked on a scale from 1 to 5, where 5 correspond to a foam 

with very high stability and 1 corresponds to a foam without any stability. The 

creams were assessed directly after the piping and after a couple of hours.  
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5.2.7 Freeze stability studies of the creams by thawing test  

The freeze stability of the whipped creams was analyzed by the performance of 

thawing tests at different overruns and freezing rates. Marked cups were filled with 

approximately 50 ml of whipped cream and the surface was smoothed with a knife. 

Two cups were filled with cream with optimum overrun, one of these cups was 

placed in a sealed jar. One cup was filled with cream whipped over the optimum 

overrun and one cup was filled with cream whipped below the optimum overrun. The 

cups were placed in a freezer with the temperature of -20°C and stored for four days. 

After four days the cups were placed in room temperature and were allowed to thaw 

for about three hours whereupon the shrinkage of the cream was estimated.  

 
5.2.8 Serum separation test of the creams at 15°C   

The foam stability tests were performed at 15° C by measuring the serum separation 

of the whipped cream after one and after two hours. One dl of whipped cream was 

applied in a cone whereupon the cone was placed in a measuring cylinder. The cone 

and the measuring cylinders were then placed in a refrigerator set at 15 °C. After one 

hour and after two hours the amount of drained serum was assessed. 

  
5.2.9 Determination of the viscosity of the cream mixes  

The viscosity of the cream mixes was measured by using a DV-3P-R, SN 745161 

viscometer from Anton Paar. For the majority of the cream mixes the viscometer was 

equipped with a R3 spider and the speed was set on 200 rpm. For two of the cream 

mixes the viscosity was too high for this method whereupon the spider was 

exchanged to a R4 and the speed was set on 100 rpm. After being stored for at least 

24 hours in a refrigerator set at 5°C, 400 g of the cream mixes was weighted into a 

600 ml glass beaker. The glass beaker in use had 2 hours prior to the measurement 

been tempered in a refrigerator set at 5°C. The spider in use was also tempered in a 

refrigerator set at 5°C prior to every measurement. The spider was placed in the 

sample and the measurements were performed. Triple test were performed for all the 

cream mixes.  

 

6 Results   
 

6.1 Examination of the three fat systems  
 
6.1.1 Texture studies of the three fat systems 

The results from the texture studies of the fat systems are presented in figure 3. Fat 

system 1 (Akotop P70) formed the strongest structure as it required a much higher 

force than the other two fat systems to undergo the same penetration. Fat 2 (Akotop 

NH100) and fat 3 (Akotop XP) had approximately the same hardness but Akotop XP 

was more brittle and at an applied force of approximately 10 N and penetration depth 

of approximately 7,5 mm the fat system of Akotop XP burst.  



  
 

18 

 
Figure 3. Graph showing the results from the penetrometric measurements. The X-axis shows the 

depth in mm that the probe has penetrated the fat system with a constant predetermined speed. The Y-

axis shows the force in N by which the probe has to operate to be able to penetrate the fat system.  

 
6.1.2 Solid fat content measurements of the three fats systems 

The results from the solid fat content measurements of the three fat systems are 

presented in table I. Fat 1(Akotop P70) had the highest solid fat content at all 

measured temperatures while fat 3 (Akotop XP) has the lowest solid fat content at all 

measured temperatures. Fat 1 (Akotop P70) and fat 3 (Akotop XP) postcrystallized 

slightly between day 1 and day 7 at 5°C.  

 
Table I. The mean value and 95% confidence intervals of the solid fat content in the three different fat 

systems at different measurement days and temperatures.  

 

 

   

Fat 1 (Akotop P70) 

(Solid fat content, %) 

 

 

Fat 2 (Akotop NH100) 

(Solid fat content, %) 

 

 

Fat 3 (Akotop XP) 

(Solid fat content, %) 

  Day 1 

 

Day 7 

 

Day 1 Day 7 Day 1 Day 7 

5°C Mean value  

 

90,6 91,9 79,0 79,7 69,0 70,1 

Ki (95,0%) 

 

[90,0;91,2] [90,9;92,9] [77,2;80,9] [79,3;80,7] [68,7;69,7] [68,5;71,8] 

10°C Mean  value 

 

88,3 88,7 74,2 74,3 63,0 62,9 

Ki (95,0%) 

  

[87,7;88,9] [87,6;89,7] [74,0;74,3] [73,6;75,1] [62,2;63,8] [62,5;63,3] 

15°C Mean value 

 

84,8 84,7 69,7 70,3 57,0 56,5 

Ki (95,0%)  

 

[84,3;85,4] [84,4;85,1] [68,8;70,7] [69,9;70,8] [55,3;58,6] [55,3;57,6] 



  
 

19 

6.1.3 X-Ray Diffraction studies of the polymorphism of the three fat systems  

The XRD measurements from both day 1 and day 7 showed that the triglycerides in 

all of the fat systems were crystallized in the β´-form and packed in a double-chain 

structure. Figure 4 and 5 shows the long spacing and short spacing patterns of fat 1 

(Akotop P70) at day 1. These XRD patterns are characteristic for triglycerides which 

are packed in a double-chain structure and crystallized in the β´-form.  

 

 

 
 

Figure 4. Graph showing the long spacing patterns from the X-ray diffraction measurements of fat 1 

(Akotop P70) at day 1. The d-value of the two initial peaks is around 40 Å which indicates that the 

packing of the triglycerides are arranged in a double-chain structure. These XRD patterns are 

characteristic for triglycerides which are packed in a double-chain structure.  
 

 

 
 

Figure 5. Graph showing the short spacing patterns from the X-ray diffraction measurements of fat 1 

(Akotop P70) at day 1. The first peak is found at approximately 4,295 Å and the second peak is found 

at approximately 3,871Å. Because of the peaks position which are near 3,8 Å and 4,2 Å the crystal 

form is determined to be β´. 
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6.1.4 Differential Scanning Calorimetry measurements of the three fat systems  

The results from the differential scanning calorimetry measurements of the three 

different fat systems are presented in table II. Fat 1 (Akotop P70) had the highest 

melting point, the highest heat flux and the highest crystallization onset temperature. 

Fat 2 (Akotop NH100) had the lowest melting point, the second highest heat flux and 

the lowest crystallization onset temperature. Fat 3 (Akotop XP) had the second 

highest melting point, the lowest heat flux and the second highest crystallization 

onset temperature.  

 
Table II. The mean value and 95% confidence intervals of the heat flux, melting point temperature 

and crystallization onset temperature for the three different fat systems at day 1 and day 7.  

 

  

Fat 1 (Akotop P70) 

 

 

Fat 2 (Akotop NH100) 

 

 

Fat 3 (Akotop XP) 

 

 Day 1 

 

Day 7 Day 1 Day 7 Day 1 Day 7 

First melting  

Mean value  

ΔH (J/g) 

130,6 137,6 117,2 116,7 97,4 98,7 

Ki (95,0%) 

ΔH (J/g)  

[117,6;143,5] [132,3;142,9] [108,5;125,5] [114,1;119,3] [90,0;104,9] [85,8;111,6] 

Mean value  

melting point  (°C) 

43,3 43,6 35,3 35,6 39,1 39,5 

Ki (95,0%) 

Melting point (°C)  

[43,3;43,4] [43,4;43,8] [34,3;36,3] [35,3;35,9] [38,9;39,4] [39,3;39,7] 

Second melting 

Mean value  

ΔH (J/g) 

117,1 122,3 111,2 105,2 95,1 93,2 

Ki(95,0%) 

ΔH (J/g)  

[107,7;126,4] [118,9;125,6] [110,6;111,8] [88,8;121,6] [91,1;99,1] [75,7;110,4] 

Mean value  

melting point (°C) 

43,6 43,6 35,1 35,3 39,1 39,8 

Ki (95,0%) 

Melting point (°C)  

[43,4;43,7] [43,5;43,7] [34,8;35,5] [34,7;35,8] [38,7;38,5] [39,3;40,3] 

Crystallization   

Mean value  

ΔH (J/g) 

109,7 121,3 103,0 102,3 89,3 86,9 

Ki (95,0%) 

ΔH (J/g)  

[91,9;127,5] [118,5;124,0] [101,5;104,5] [96,8;107,7] [88,7;89,9] [68,4;105,5] 

Mean value  

onset (°C) 

24,3 24,3 16,5 16,5 20,6 20,6 

Ki (95,0%) 

onset  (°C)  

[24,3;24,3] [24,2;24,3] [16,4;16,6] [16,5;16,6] [20,6;20,6] [20,6;20,6] 

 

 

 
6.1.5 Rheology studies of the three fat systems   

Figure 6 shows representative data from the rheology study of the three fat systems. 

As the temperature was decreased during the initially stages of the measurements the 

G´ increased as the fat systems crystallizes. Fat 1 (Akotop P70) had the fastest 

structure formation followed by fat 3 (Akotop XP) and finally fat 2 (Akotop NH100). 

Fat 1 (Akotop P70) built the hardest structure and fat 3 (Akotop XP) the softest 
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structure. When most of the crystallization was finished the deformation, strain, of 

the three fats was increased. All fat systems were deformed at approximately the 

same rate when the oscillation was increased.   

 

 
Figure 6. Graph showing representative data from the rheometric measurements. The X-axis 

corresponds to the time in minutes, the first Y-axis corresponds to the G´ (storage modulus) in Pascal 

and the second Y-axis corresponds to the rate of strain in percentage.  

 

 

6.2 Examination of the cream mixes  
 
6.2.1 Solid phase content measurements of the cream mixes 

The results from the solid phase content measurements of the cream mixes are 

presented in table III. If the recipes are compared with each other recipe 2 generally 

shows the highest solid phase content, recipe 3 the intermediary solid phase content 

and recipe 1 the lowest solid phase content. Within each recipe there are differences 

between the solid phase content depending on which fat the mix contains. Mixes 

containing fat 1 (Akotop P70) shows the highest solid phase content, Akotop NH100 

the intermediary solid phase content and Akotop XP showed the lowest solid phase 

content.  
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Table III. The mean value and 95% confidence intervals of the solid phase content in the different 

cream mixes at day 1 and day 7. 

 

 

Cream mix 

 

Day 1 

(Solid phase content %) 

 

 

Day 7 

(Solid phase content %) 

 Mean value Ki (95,0%) Mean value Ki (95,0%) 

Recipe 1 fat 1  

(Akotop P70) 

24,9 [23,7;26,0] 25,4 [24,2;26,6] 

Recipe 1 fat 2  

(Akotop NH100) 

22,0 [20,8;23,2] 22,7 [22,09;23,4] 

Recipe 1 fat 3  

(Akotop XP) 

19,5 [18,2;19,5] 20,1 [19,6;20,6] 

Recipe 2 fat 1 

 (Akotop P70) 

31,1 [30,6;31,5] 31,3 [30,5;32,1] 

Recipe 2 fat 2  

(Akotop NH100) 

27,6 [23,2;31,9] 28,2 [24,4;32,0] 

Recipe 2 fat 3 

(Akotop XP) 

24,2 [19,5;29,0] 25,0 [21,4;28,7] 

Recipe 3 fat 1  

(Akotop P70) 

29,8 [29,2;30,4] 30,2 [28,5;31,9] 

Recipe 3 fat 2  

(Akotop NH100) 

26,4 [25,0;27,8] 27,1 [25,9;28,4] 

Recipe 3 fat 3  

(Akotop XP) 

23,4 [23,6;23,2] 23,9 [22,9;24,9] 

 

 
6.2.2 Differential Scanning Calorimetry measurements of the cream mixes 

The results from the differential scanning calorimetry studies of the freezing 

properties of the three cream recipes containing fat 1 (Akotop P70) are presented in 

table IV. Recipe 2 showed the highest crystallization temperature at both day 1 and 

day 7 whilst recipe 1 showed the lowest crystallization temperature at day 1 and 

recipe 3 showed the lowest crystallization temperature at day 7. Recipe 1 showed the 

lowest heat flux at both days whilst recipe 3 showed the highest heat flux at day 1 

and recipe 2 showed the highest heat flux at day 7.   

 
Table IV. The mean value and 95% confidence intervals of the heat flux and crystallization onset 

temperature from the studies of the freezing properties of the three recipes containing fat 1 (Akotop 

P70) at day 1 and day 7. 

 

 

Cream mix 

 

Day 1 

Crystallization onset 

temperature (°C) 

 

 

Day 7 

Crystallization onset 

temperature (°C) 

 

Day 1 

ΔH (J/g)  

 

Day 7 

ΔH (J/g) 

 Mean  

value 

Ki(95,0%) Mean 

value 

Ki (95,0%) Mean  

value 

Ki (95,0%) Mean 

 value 

Ki (95,0%) 

Recipe 1 fat 1  

(Akotop P70) 

-22,9 [-26,9;-18,9] -20,0 [-27,2; -12,8] 145,0 [96,2;193,9] 141,9 [135,6;148,1] 

Recipe 2 fat 1  

(Akotop P70) 

-14,4 [-16,2;-12,9] -15,5 [-25,2;-5,8] 160,0 [126,1;193,8] 151,7 [141,8;161,6] 

Recipe 3 fat 1  

(Akotop P70) 

-19,2 [-25,0;-13,3] -21,2 [-21,2;-20,4] 183,4 [162,1;204,7] 144,8 [132,2;157,5] 
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The results from the differential scanning calorimetry studies of the melting 

properties of the cream mixes are presented in table V. At day 1 cream mixes 

containing fat 1 (Akotop P70) showed the highest melting point while cream mixes 

containing fat 3 (Akotop XP) showed the intermediary melting point and cream 

mixes containing fat 2 (Akotop NH100) had the lowest melting point. At day 7 the 

results of the melting points are more inconsistent and the results does not seem to 

follow any distinct pattern. The results from the heat flux studies are more consistent 

between the two measuring days but the results are overall very ambiguous and it 

does not seem to follow any distinct pattern.     

 
Table V. The mean value and 95% confidence intervals of the heat flux and a melting point from the 

studies of the melting properties of the cream mixes at day 1 and day 7. 

 

 

Cream mix 

  

 

Day 1 

Melting point (°C) 

 

Day 7 

Melting point (°C) 

 

Day 1 

ΔH (J/g)  

 

Day 7 

ΔH (J/g) 

  Mean  

value 

Ki (95,0%) Mean  

value 

Ki (95,0%) Mean  

value 

Ki (95,0%) Mean 

 value 

Ki (95,0%) 

Recipe 1 fat 1  

(Akotop P70) 

43,4 [42,0;44,8] 42,9 

 

[39,7;46,1] 

 

33,1 [22,2;44,0] 34,2 [33,2;35,2] 

Recipe 1 fat 2  

(Akotop NH100) 

38,1 [38,0;38,2] 39,2 [38,7;39,7] 29 [24,9;34,0] 32,9 [1,54;64,3] 

Recipe 1 fat 3  

(Akotop XP) 

39,7 [38,2;41,2] 39,5 [39,2;39,8] 21,59 [20,0;23,2] 27 [25,4;28,6] 

Recipe 2 fat 1  

(Akotop P70) 

43,5 [42,6;44,4] 43,1 [42,1;44,1] 37,6 [19,1;56,0] 44,9 [44,2;45,6] 

Recipe 2 fat 2  

(Akotop NH100) 

35,7 [35,5;36,0] 35,6 [35,3;36,0] 36,5 [24,8;48,2] 44,7 [40,8;48,7] 

Recipe 2 fat 3  

(Akotop XP) 

42,1 [37,0;47,2] 39 [38,7;39,3] 34,3 [22,9;45,7] 32,7 [26,2;39,2] 

Recipe 3 fat 1  

(Akotop P70) 

43 [42,8;43,2] 38,7* ---* 38,9 [37,1;40,8] 34,24* ---* 

Recipe 3 fat 2  

(Akotop NH100) 

36,0* ---* 36,7* ---* 35.3* ---* 43,0* ---* 

Recipe 3 fat 3  

(Akotop XP) 

39,2 [37,9;40,4] 38,7* ---* 29,4 [11,9;47,0] 34,2* ---* 

 

*Only one value available due to unsuccessful measurements  

 

 

 

 

6.2.3 Whipping process and overrun studies of the whipped creams 

The results from the overrun studies of the different cream mixes are presented in 

figure 7 and table VI. The recipe which shows the highest overrun are recipe 3 which 

posses the three highest mean overruns. Recipe 1 generally shows a low maximal 

overrun except when containing fat 1 (Akotop P70). Generally creams containing fat 

1 (Akotop P70) reached their maximal overrun faster than creams containing the 

other two fat systems. Creams containing fat 1 (Akotop P70) also seemed to be more 
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sensitive to excessive whipping compared to the other two fat systems. Just after 

reaching its maximum overrun fat 1 (Akotop P70) shows a distinct decrease in 

overrun.  

 

 

 
Figure 6. Graph showing representative overruns for all cream mixes. The Y-axis is  the overrun in 

percentage and the X-axis is  the whipping time in seconds (2). Cream mixes made out of recipe 3 

generally seems to possess the highest overrun. Cream mixes containing Fat 1 (Akotop P70) generally 

seems to reach their maximal overrun faster than the other cream mixes.  

 

 
Table VI. The mean values of the overrun for the cream mixes. 

 

 

Cream mix 

 

 

Mean value 

Overrun (%) 

Recipe 1 fat 1 (Akotop P70) 242 

Recipe 1 fat 2 (Akotop NH100) 170 

Recipe 1 fat 3 (Akotop XP) 182 

Recipe 2 fat 1 (Akotop P70) 224 

Recipe 2 fat 2 (Akotop NH100) 225 

Recipe 2 fat 3(Akotop XP) 239 

Recipe 3 fat 1 (Akotop P70) 258 

Recipe 3 fat 2 (Akotop NH100) 357 

Recipe 3 fat 3 (Akotop XP) 338 
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6.2.4 Penetrometric studies of the whipped creams consistency 

The results from the studies of the consistency of the whipped creams are presented 

in figure 7.  The measurement shows that the three creams with the firmest texture all 

contain fat 1 (Akotop P70). Other observed trends are that recipe 1 generally gave 

the softest structure except when it contained fat 1 (Akotop P70) and that recipe 3 

generally showed the firmest structure except from the two other recipes containing 

fat1 (Akotop P70).  

 

 

 

 

 
 

 
 

Figure 7. Graph showing representative results from the penetrometric measurements. The X-axis 

shows the time in seconds and the Y-axis shows the force in Newton needed for the probe to penetrate 

the whipped cream with a predetermined constant velocity.  

 

 

 
6.2.5 Piping test of the creams foam stability 

The results from the piping test of the creams foam stability are presented in table 

VII. The three creams with the best foam stability all contained fat 1 (Akotop P70), 

see figure 8. After that follows the creams made out of recipe 3. The creams of recipe 

1 and 2 did not posses any good foam stability except when they contained fat 1 

(Akotop P70), see figure 9. 
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Table VII. Summary of the results from the piping test of the creams foam stability. The foam 

stability of the cream was visually assessed and ranked on a scale from 1 to 5, where five corresponds 

to a foam with very high stability and one corresponds to a foam without any stability. The first 

assessment was carried out directly after the piping and the second assessment was carried out after a 

couple of hours.  
 

 

Cream mix 

 

First assessment 

 

 

Second assessment 

 

Recipe 1 fat 1 

(Akotop P70) 

 

5 

The creams had very good foam 

stability and very sharp edges. 

 

5 

No changes were seen 

between the first and second 

assessment. 

Recipe 1 fat 2 

(Akotop 

NH100) 

 

3 

The creams had no good foam 

stability 

 

2 

By the second assessment 

the cream had floated out 

quite a lot.  

Recipe 1 fat 3 

(Akotop XP): 

 

3 

The creams had no good foam 

stability 

 

2 

By the second assessment 

the cream had floated out 

quite a lot.  

Recipe 2 fat 1 

(Akotop P70) 

 

5 

The creams had very good foam 

stability and very sharp edges. 

 

5 

No changes were seen 

between the first and second 

assessment. 

Recipe 2 fat 2 

(Akotop 

NH100) 

 

4 

Initially the creams had good foam 

stability and sharp edges. 

 

3 

By the second assessment 

the cream had somewhat 

floated out. 

Recipe 2 fat 3 

(Akotop XP) 

 

4 

Initially the creams had good foam 

stability and sharp edges 

 

3 

By the second assessment 

the cream had somewhat 

floated out.  

Recipe 3 fat 1 

(Akotop P70) 

 

5 

The creams had very good foam 

stability and very sharp edges. 

 

5 

No changes were seen 

between the first and second 

assessment. 

Recipe 3 fat 2 

(Akotop 

NH100) 

 

4 

The creams had good foam stability 

and sharp edges. 

 

4 

No changes were seen 

between the first and second 

assessment.  

Recipe 3 fat 3 

(Akotop XP) 

 

4 

The creams had good foam stability 

and sharp edges. 

 

4 

No changes were seen 

between the first and second 

assessment.  
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Figure 8. Pictures showing the piping results of recipe 3 containing fat 1 (Akotop P70) which is a 

result that is representive for a cream with very good foam stability.  

 

 

 
 

Figure 9. Pictures showing the piping results of recipe 2 containing fat 3 (Akotop XP) which is a 

result that is representive for a cream with very poor foam stability.  

 

 
6.2.6 Freeze stability studies of the creams  

The results from the thawing test are presented in table VIII. The creams made out of 

recipe 1 had very good freeze stability see figure 10. All the other creams had really 

poor freeze stability, see figure 11. The freeze stability of all cream mixes was 

independent of both overrun and freezing rate.  
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Table VIII. Summary of the results from the freeze-thaw tests.   

 

 

Cream mix 

 

 

Assessment 

Recipe 1 fat 1  

(Akotop P70) 

There was no palpable shrinkage in the creams.  

 

 

Recipe 1 fat 2  

(Akotop NH100) 

There was no palpable shrinkage in the creams.  

 

 

Recipe 1 fat 3  

(Akotop XP): 

There was no palpable shrinkage in the creams.  

 

 

Recipe 2 fat 1  

(Akotop P70) 

There was approximately 50% shrinkage in the creams. 

The creams had lost their foam properties and were more 

or less in a liquid state.  

Recipe 2 fat 2 

(Akotop NH100) 

There was approximately 50% shrinkage in the creams. 

The creams had lost their foam properties and were more 

or less in a liquid state.  

Recipe 2 fat 3 

(Akotop XP) 

There was approximately 50% shrinkage in the creams. 

The creams had lost their foam properties and were more 

or less in a liquid state.  

Recipe 3 fat 1  

(Akotop P70) 

There was approximately 75% shrinkage in the creams. 

The creams had lost their foam properties and were more 

or less in a liquid state. 

Recipe 3 fat 2  

(Akotop NH100) 

There was approximately 75% shrinkage in the creams. 

The creams had lost their foam properties and were more 

or less in a liquid state. 

Recipe 3 fat 3  

(Akotop XP) 

There was approximately 75% shrinkage in the creams. 

The creams had lost their foam properties and were more 

or less in a liquid state. 

 

 

 

  
 

Figure 10. Pictures showing the freeze-thaw stability of recipe 1 containing fat 1 (Akotop P70). This 

result is representive for a cream with very good freeze stabilty.  
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Figure 11. Pictures showing the freeze-thaw stability of recipe 3 containing fat 2 (Akotop NH100). 

This result is representive for a cream with very poor freeze stabilty. 

 

 
6.2.7 Serum separation test of the creams at 15°C   

No serum separations were observed for any of the cream recipes, see figure 12. 

 

 
 

Figure 12. Picture showing the results from the foam stability test at 15 °C of cream recipe 3 

containing either fat1 (Akotop P70), fat 2 (Akotop NH100) or fat 3 (Akotop XP). These results are 

repressentive for all the creams as none of them showed any serum seperation.   

 

 

6.2.8 Viscosity  

Representative results from the viscosity measurements of the cream mixes are 

presented in figure 13. Recipe 3 showed the highest viscosity of all the cream mixes 

when it contained fat 2 (Akotop NH100) and fat 3 (Akotop XP). These two cream 

mixes had such a high viscosity that the measurement method that was used for all 

the other mixes was unable to measure the viscosity of these creams as the values of 

the viscosity was too high. Therefore another measuring method was used for these 

two cream mixes. Consequently the results from these measurements are not directly 

comparable with the other results. It is nevertheless clear that these two cream mixes 

have the highest viscosity. The three cream mixes made out of recipe 2 generally 

showed low viscosities independent on which fat solution it contained. The cream 

mix made out of recipe 3 containing fat 1 (Akotop P70) also had a low viscosity. The 

cream mixes made out of recipe 1 showed intermediary viscosities and had different 

viscosities depending on fat solution.   

 



  
 

30 

 

   

 
Figure 13. Graph showing representative measurement data from the different cream mixes. The Y-

axis shows the dynamic viscosity (cP) and the X-axis shows the time (minutes).  The results of recipe 

3 containing fat 2 (NH100) and fat 3 (Akotop XP) are not directly comparable to the rest of the results 

due to different measuring variables. The reasons for the use of different measuring parameters are 

that these cream mixes showed such high viscosity that the intended method was unable to measure 

their viscosity.  

 

 

7 Discussion   
 

7.1 Examination of the three fat systems  
 
7.1.1 X-Ray Diffraction studies  

The results from the physiochemical studies of the three fat systems show that they 

have very different properties except when it came to the type of fat crystal 

polymorphism that they crystallize in. According to the results from the X-ray 

studies all three fat systems crystallize in the β´-polymorph. The polymorph of β´ is 

as mentioned in the introduction the polymorph that is preferred in whipping creams 

as it is believed that it promotes a high rate of partial coalescence. The X-ray studies 

also showed that there were no polymorphic transformation between day 1 and day 7 

for any of the fat systems. These results are of great importance as it indicates that 

storage will not influence the fat crystals in the end product.  

 
7.1.2 Texture studies 

The penetrometric measurements showed that the three fat systems possessed 

different structures. Fat 1 (Akotop P70) had the firmest texture. This result is also 

supported by the results from the rheology studies which also showed that fat 1 

(Akotop P70) built the hardest structure. According to the penetrometric 
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measurements the other two fat systems possessed approximately the same hardness 

but fat 3 (Akotop XP) was more brittle than fat 2 (Akotop NH100). The results were 

overall expected due to the fatty acid composition of the three fat systems. Fat 1 

(Akotop P70) has the highest amount of saturated fat which contributes the hardness 

of the fat. Because the rheological properties of the emulsion drops are important for 

the whipping properties of the creams the hardness of the fats could influence the 

characteristics of the creams.  

 
7.1.3  Solid fat content measurements  

The NMR measurements showed that fat1 (Akotop P70) had the highest solid fat 

content and fat 3 (Akotop XP) the lowest. These results are also expected due to the 

fatty acid composition of the three fat systems. The results for fat 1 (Akotop P70) are 

consistent with the results from the penetrometric measurements were it showed the 

hardest structure. This result seems to indicate that a high solid fat content facilitates 

the building of strong structures. The results from the NMR measurements also 

showed a great difference between how the solid fat content of the different fat 

systems were influenced by the temperature. The fat system that is most sensitive to 

changes in temperature was fat 3 (Akotop XP) whilst the solid fat content of fat 1 

(Akotop P70) was least sensitive to differences in temperature. As the solid fat 

content will have great influence on the properties of whipping creams it is desirable 

that the solid fat content do not vary a lot between temperatures. For example 

decorative whipping creams can be stored at room temperature and it if the solid fat 

content is changes a lot between the whipping temperature and the storage 

temperature this could have effect on the creams foam stability. The results from the 

nuclear magnetic resonance measurements also showed a minor although statistical 

significant difference between the solid fat content at 5°C between day 1 and day 7 

for fat 1 (Akotop P70) and fat 3 (Akotop XP). These results indicate that these fats 

postcrystallize slightly during the storage. However these differences are probably so 

small so they are insignificant for the properties of the end product, whipped cream.   

 

The NMR measurements of the solid fat content generally differ from the given solid 

fat content in the specifications of the three fat systems. This is thought to be due to 

different measurements methods and thereby different measurement uncertainties.   

 
7.1.4 Differential Scanning Calorimetry measurements  

The results from the differential scanning calorimetry studies are also consistent with 

the results from the nuclear magnetic resonance measurements where fat 1 (Akotop 

P70) showed the highest heat flux, fat 2 (Akotop NH100) showed intermediary heat 

flux and fat 3 (Akotop XP) had the lowest heat flux. The heat flux can be associated 

with the amount of fat that is crystallized and thereby the solid fat content of the fat 

systems. The results from the differential scanning calorimetry studies also showed 

that the three fat systems possess different melting and crystallization temperatures. 

Fat 1 (Akotop P70) starts to crystallize at higher temperatures than the two other fat 

systems. This is also consistent with the rheometric measurements where fat 1 

(Akotop P70) showed a faster kinetics and build a harder structure than the other two 

fat systems. Due to their differences in crystallization temperature the different fat 

systems will be subjected to different rates of supersaturation during cooling. A high 

degree of supersaturation will promote the formation of a large number of small 



  
 

32 

crystals while a low degree of supersaturation will promote the formation of a small 

number of large crystals (28). Because fat 1 (Akotop P70) has the highest 

crystallization temperature, it will be easier for this fat system to produce a large 

number of small crystals than for the other two fat systems. These fat crystal 

characteristics will greatly influence the properties of end products such as whipped 

creams. Probably a fat system with a large amount of small crystals will provide 

whipping creams with better properties than a fat system with a small amount of 

large crystals.  

 

The melting point results from the DSC measurements differs from the given slip 

melting points in the fat specifications of fat 1 (Akotop P70) and fat 2 (Akotop 

NH100). This is thought to be due to different measuring methods. The DSC 

measurement shows the melting endset temperature of the fat systems i.e. the 

temperature was all fat is melted while the slip melting point more generally 

indicates the overall melting point of the fat systems. Therefore are the results from 

the DSC measurement not directly comparable to the given slip melting point of fat 1 

(Akotop P70) and fat 2 (Akotop NH100).  

 

7.2 Examination of the cream mixes  
 
7.2.1 Solid phase content measurements  

The results from the solid phase content measurements of the different cream mixes 

are very consistent with the results from the solid fat content measurements of the 

three fat systems. The creams containing fat 1 (Akotop P70) shows a higher solid 

phase content than the other two fat systems. The difference between the different 

recipes is due to the presence of other crystalline ingredients in the recipes. It is hard 

to distinguish any direct influence of the solid phase content and the properties of the 

whipping creams.  

 
7.2.2 Differential Scanning Calorimetry measurements  

The results from the differential scanning calorimetry studies of the freezing 

properties of the three cream recipes are overall very ambiguous as the results 

generally vary a lot between the different measurement days. One result is however 

consistent and that is that recipe 1 shows the lowest heat flux. This result indicates 

that recipe 1 builds a lower amount of crystals than the other two recipes. This 

property is thought to be of interest when it comes to the freeze-thaw stability of the 

creams as a low rate of crystallization could have positive impact on the creams 

resistance towards freezing. The crystallization onset temperature are also thought to 

influence the creams freeze-thaw stability as a low freezing point are thought to have 

a positive influence on the creams freeze-thaw stability. Due to the inconsistent 

results it is very hard to distinguish any clear connection between any distinct cream 

recipe or fat solution and the crystallization onset temperature which makes it hard to 

draw any conclusion of what it is that influence the freezing point in the cream 

mixes.   

 

The results from the differential scanning calorimetry studies of the melting 

properties of the cream mixes are also very ambiguous. This makes it hard to draw 

any conclusions or parallels to the properties of the fat systems or cream recipes and 
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the properties of the creams. The only results that seem to show some consistency are 

the melting points from day 1. These results seem to be coherent with the melting 

point results from the differential scanning calorimetry studies of the three fat 

systems. These results indicate that cream mixes melting points are very much 

influenced by the characteristics of the fat systems and that the fat systems seem to 

be the last compounds in the cream to transforms to a liquid state.  

 
7.2.3 Whipping process and overrun studies of the whipped creams 

The overrun characteristics generally seem to be conforming within each recipe. 

Even though there are similarities between the creams containing the same fat the 

overall overrun characteristics seems to be more alike within each recipe. This may 

indicate that the overrun properties are more dependent on the interplay between all 

the ingredients in the recipe rather than just the fat system. Although the composition 

of the cream recipe seems to be the variable that have the largest impact on the 

overrun the fat solution also influence the creams overrun characteristics. Generally 

creams containing fat 1 (Akotop P70) reached their maximal overrun faster than 

creams containing the other two fats systems. Creams containing fat 1 (Akotop P70) 

also seemed to be more sensitive to excessive whipping than the other two fat 

systems. After just a couple of seconds of excessive whipping fat 1 (Akotop P70) 

shows a distinct decrease in overrun which probably is due to a large fat coalescence 

that leads to the collapse of the air cells in the cream.  

 
7.2.4 Penetrometer studies of the creams consistency 

The penetrometric measurement shows that the three creams with the firmest 

structure all contain fat 1 (Akotop P70). Parallels could be drawn between these 

results and the results from the penetrometric measurements of the three fat systems 

where Akotop P70 showed the hardest structure. A hard fat thereby seems to provide 

the creams with high rigidity. Other observed trends are that recipe 1 generally 

showed the softest structure except when it contained fat 1 (Akotop P70). Recipe 3 

generally showed the hardest structure except from the two other recipes containing 

fat1 (Akotop P70). These results indicate that both the type of recipe and fat solution 

seems to influence the whipped creams consistency.  

 
7.2.5 Piping test of the creams foam stability 

The results from the piping test of the creams foam stability indicate that both the 

type of recipe and fat solution seems to influence the whipped creams foam stability. 

Creams containing fat 1 (Akotop P70) showed very good foam stability independent 

on recipe. This indicates that the properties of fat 1 (Akotop P70) are desirable when 

producing a whipping cream with good foam stability. Recipe 3 generally showed 

good foam stability when it contain all three different fat systems whereas the other 

two recipes showed really poor foam stability when they contained fat 2 (Akotop 

NH100) or fat 3 (Akotop XP). It is hard to distinguish what in particular that makes 

recipe 3 better than the other two recipes as the ingredient of the recipes differs 

greatly.  

 
7.2.6 Freeze stability studies of the creams  

The results from the freeze stability studies of the creams indicate that it is the recipe 

and not the fat systems that influence the freeze stability of the creams. Recipe 1 
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which showed good freeze stability has the lowest amount of water and contains a lot 

more sugar than the other two recipes. Therefore a high concentration of sugar seems 

to contribute to increased freeze stability. Parallels could be drawn between these 

results and to the results from a study performed by Tanasukarn Et al. which showed 

that sucrose somewhat could have a stabilizing effects on frozen emulsions (12). The 

stabilizing effects are thought to be due to the sugars cryo-protective properties (12).  

Sugar increases the amount of unfrozen water and alter the morphology of the ice 

crystals which seems to help to maintain the properties of the emulsion (12). The 

findings from the freeze stability studies of the creams are also supported by the 

results from the DSC studies of the freezing properties of the cream mixes which 

indicate that recipe 1 forms a lower amount of ice crystals than the other two recipes 

as the recipe shows the lowest ΔH.  

 

The results from the freeze stability studies also indicate that the freeze stability of 

recipe 1 is independent on the freezing rate. This as there was no obvious differences 

between the freeze stability of the cream frozen in a jar and the cream frozen without 

any covering. A slow freezing rate generally creates a small amount of large ice 

crystals while a fast freezing generally creates a large number of small ice crystals 

(29). The sizes of the ice crystals are thought to affect the freeze stability of the 

creams and generally a slow freezing rate affect the freeze stability of food more 

negatively than a fast freezing rate (29). The resistance that recipe 1 shows towards 

the slow freezing rate could also be due to the high sugar concentration as the 

crystallization properties seem to be very much affected by the sugars cryoprotective 

properties.  

 
7.2.7 Serum separation test of the creams at 15°C   

None of the cream mixes showed any serum separations which indicate that all the 

cream mixes are highly resistant to gravitational separation.  

 
7.2.8 Viscosity  

The viscosity measurements showed that there are differences in viscosity between 

both different recipes and within each recipe containing different fat systems. It is 

hard to distinguish any clear patterns when it comes to the impact of the fat systems 

or any other ingredients on the viscosity of the cream mixes. One fat solution seems 

to provide the cream mix with high viscosity in one recipe and a low viscosity in 

another. It was surprising that fat 1 (Akotop P70) generally provided the creams with 

a low viscosity. Due to the properties of fat 1 (Akotop P70) it was thought that this 

fat would provide the creams with a high viscosity. This is yet another proof of the 

complexity of the interplay of the ingredients in whipping creams.  

 

8 Conclusions  
The results from this study indicate that the fat characteristics that have the highest 

impact on the properties of whipping creams are the structure, the solid fat content 

and the crystallization temperature. A fat solution with a hard structure, a high 

crystallization temperature and a high solid fat content at a wide range of 

temperatures overall seems to provide the whipping creams with the best properties. 
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This as these fat characteristics seems to provide the whipping cream with a short 

whipping time, a rigid foam and good foam stability independent on cream recipe.  

 

This study has also shown that other ingredients than the fat systems provide the 

creams with diverging properties. This is best shown by the results of the freeze-thaw 

stability which indicates that a recipe with a high amount of sugar seems to provide 

the whipping creams with good freeze-thaw stability. Other properties of the 

whipping creams like for example the foam stability and the overrun also seems to be 

very much influenced by other ingredients than the fat systems. Due to the limited 

time of this degree project not all questions has been answered. This study has 

though highlighted the complexity of the interplay between the ingredients in 

whipping creams and hopefully paved way for further and more targeted studies 

which may provide clarity to the complexity of the interplay of the ingredients in 

whipped creams. 
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