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Abstract 
Food inevitably plays a vital role in our lives and is of great importance to our health and wellbeing. 

With increasing age, it is equally important to achieve adequate nutrition to prevent and alleviate 

age-related diseases. One problem is that far too many older adults find it difficult to eat enough 

nutritious food which in the long term may lead to malnutrition. With an increasing life expectancy 

the older population is growing and the problem with malnutrition is of great concern. Malnutrition 

can be caused by many different factors which make it difficult to find a single unique solution to 

the problem. Oral nutritional supplementation is one approach which has proved to be useful for 

improving the nutritional intake. This paper examines the possibility of creating high fat fruit 

emulsion with mango puré, rapeseed oil and lecithin, using simple blending equipment.  The puré-

like products were evaluated for emulsion stability by a storage test, oil droplet size by a light 

microscope and light scattering device, viscosity by a viscometer, sensory properties by Flavoring 

profiling. Furthermore the nutritional values were calculated.  Successful emulsions were created 

using up to 50 g/100g rapeseed oil with adequate emulsion stability without lecithin. The energy 

content of the highest fat emulsion was 475kcal/100g. The quantities of lecithin used in these 

products reduced the oil droplet size but lowered the emulsion stability perhaps by depleting the 

stabilizing effect of mango originated particles. The lecithin made the product more viscous, also 

the oily and creamy/Rich mouth-feel were perceived higher with increasing lecithin. In these 

products and with the quantities used the lecithin was redundant. Further development of similar 

products but with addition of protein and perhaps sugar, to enhance flavor, should be of high 

interest. 
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1 Introduction 

 

Not only a ”fat epidemic” is spreading in the western world, but also a “starving epidemic” as 

the elderly population is increasing.  Life expectancy today is high and a substantial increase 

in the number of elderly is expected in a near future (1). What is more, with increasing age the 

risk of disease, disability and malnutrition increases. Malnutrition is prevalent in 1-5 % of the 

elderly population living at home, 10-35 % of the population living in nursing homes and 20-

40 % of those that are in hospitalized care living in Sweden (1). Unintentional weight loss 

among the elderly often have a very negative impact and is associated with impaired quality 

of life, increased burden of care and increased medical complications (2). The malnutrition in 

elderly people is a multifactorial problem that may be caused by disturbed hunger and satiety 

regulatory mechanisms, loss of taste and smell, chewing and swallowing problems, social 

problems, diseases, use of different drugs as well as depression (3). With illness and 

increasing age, appetite-loss often exceeds the energy expenditure, resulting in a weight loss 

(4). 

It is essential to understand the physical and physiological changes with aging associated with 

unintentional weight loss to appropriately approach the problem of malnourished older adults. 

Nutritional supplementation is one important intervention method that has shown to increase 

body weight in elderly (5).  

 

1.1 Aims and objectives 

As a part of the project “Good breakfast and snack products for the elderly with specific 

needs” organized by SIK, the aim of this paper is to increase the knowledge of how appetizing 

products can be adapted to older people in terms of energy and nutrient content. These 

products are targeted to the elderly as a whole and specifically to the elderly with special 

nutritious needs. This paper will focus in the energy fortification of mango purée using 

rapeseed oil and lecithin. The objective is to create an emulsion containing as much fat as 

possible with the available equipment. 

This will be accomplished by mixing mango puré, soy lecithin and rapeseed oil in different 

concentrations and process conditions. These samples will be evaluated using a light 
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microscope for determining fat droplet size and general appearance, light scattering particle 

size measurements, separation stability in a storage test and viscosity measurements.   

When a series of stabile high fat puré emulsion is successfully produced, their sensory 

characteristics are going to be evaluated by a trained sensory panel to study the association 

between fat and lecithin content with the sensory properties.        

 

2 Background and Theory 

 

The first part in the following background and theory will address the prevalence and 

definition of malnutrition among the elderly, its causing factors, treatment and prevention 

especially by nutritional support. The second part will focus on describing general emulsion 

properties and stability mechanisms, emulsion properties’ association with textural mouth-feel 

and a short review of the ingredients.        

   

2.1 Malnutrition of the elderly 

In Sweden the average life expectancy is 83.7 years for women and 79.8 years for men 

(2011). About 17 percent of the population is over 65 years and 5 percent are over 80 years 

and the prognosis is that we are getting even older. This will increase the number of elderly in 

our society and with increasing age the risk of disease and disability increases. Malnutrition is 

common among the elderly and is associated with impaired quality of life, increased burden 

of care and complications. Malnutrition is prevalent in 1-5 % of the elderly population that is 

living at home, 10-35 % of the population that is living in nursing homes and 20-40 % of 

those that are in hospitalized care (1).  

The unintentional weight loss within the elderly population is a multifactorial problem that 

may be caused by disturbed response in appetite regulatory peptide hormones, loss of taste 

and smell, chewing/swallowing problems, mouth dryness, social problems, diseases, use of 

different drugs as well as depression – and combinations of these factors (1).      

Malnutrition has been defined by the Swedish Board of Health and Welfare, as deficiency of 

energy, protein and/or other nutrients that causes measurable adverse changes in body 
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composition, function or increased complications in an individual’s disease. There are three 

risk factors generally considered to be important indicators of malnutrition or risk of 

malnutrition: involuntary weight loss over a period of time, difficulties with eating (loss of 

appetite, chewing/swallowing problems) and low body fat (body mass index (BMI) <20 

kg/m2 if <70 years of age, BMI<22 kg/m2 if >70 years of age). Swedish Society for Clinical 

Nutrition and Metabolism (SWESPEN) has proposed a diagnose criteria for malnutrition as 

follows: The patient has lost at least 10 % of his/her habitual weight and meets one of the 

following criteria: BMI <19 kg/m2 if <70 years of age, <21 kg/m2 if >70 years of age, walking 

speed <1 m/s or reduced handgrip strength can be detected (1). 

It is common for the elderly to lose fat-free mass when losing weight, i.e. muscle, tissue, 

organ and bone, resulting in declining physical capability but also in a general fatigue and 

weakness. This condition is known as sarcopenia or cachexia and it is a major cause of weight 

loss in elderly. Sarcopenia is a state where the individual loses muscle mass and strength, and 

this may be caused by inflammatory response, reduced physical activity and protein/energy 

deficiency (6).      

 Cachaxia is also a diverse problem; an excessive acute inflammatory response resulting in 

cytokines release may be a strong contributing factor. The release of cytokines such as 

interleukin-1/6 and tumor necrosis factor alpha will activate several catabolic mechanisms 

resulting in muscle loss. What is more, the immune response will result in increasing resting 

energy expenditure leading to muscle weight loss (7). 

      

It is more difficult for older adults to regain weight lost during periods of low caloric intake 

than younger adults, possible due to an inability to regulate long-term appetite and satiety (8). 

This may prove to make it harder for older adults to recover from a period of illness or disease 

when weight is lost.  

When a patient is diagnosed as malnourished or in risk of malnutrition it is important to 

investigate the underlying factors of the weight loss and set up appropriate treatment 

intervention. The treatment of underweight can consist of dietary advice, exercise, oral and 

dental care or nutritional support in form of fortified meals, oral nutrient supplements (ONS) 

or enteral feeding – and combinations of these factors (1).  For example, ONS provided in 

between meals have shown to increase daily energy/protein intake (5). This may have a 
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positive effect on mortality risk, reduce hospital stay length as well as reduce disease 

complications (9). Consequently, the use of high protein oral nutritional supplement may not 

only improve health and quality of life but this may also be economically beneficial as a result 

of reduced hospital stay and complications (10).  

 

2.2 Oral Nutritional supplement 

As it is common in elderly to have low appetite, deteriorating taste and olfaction as well as 

problems with chewing and swallowing, it is important to develop specialized food products 

that meet both the nutritional and sensory requirements of this consumer group.    

Increasing difficulties with chewing and swallowing and reduced handgrip strength with 

aging can make it difficult to eat solid food. This impairment promotes the use of liquid 

nutritional supplements that can be eaten with spoon and are easily swallowed without 

chewing. Liquid foods have also shown to induce lower postprandial hunger than solid food 

which would promote higher energy intake. One explanation to this might be the lack of or 

reduced mastication of the food (3).  

Xerostomia or mouth dryness is a regular oral problem in the elderly population that may 

result in an avoidance of certain foods because of difficulties with mastication or sensation of 

dry mouth. Foods that stimulate saliva production, such as acidic and cold products, could 

ease dry mouth-feel and thus promote food intake (3). A low general oral health-related 

quality of life has been shown to be associated with malnutrition or risk of malnutrition (11). 

 Regarding macronutrients, the most satiating are proteins, followed by carbohydrates and fat. 

High fat products would be suitable for elderly regarding satiating effect but also because they 

have the highest energy density. However, high-quality proteins are very important in order to 

promote muscle protein synthesis and prevent sarcopenia. Carbohydrates affect the satiation 

of food by their contribution to glyceamic index (GI). A slow rise in blood sugar, i.e. low GI, 

will result in higher short-term satiety. Apart from carbohydrates, the amount of fiber and the 

addition of protein and fat affect the GI of food by lowering it. Water-binding fibers also 

increase volume of food bolus resulting in larger gastric distension and slower gastric 

emptying that reduces food intake (3).     
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As malnourished elderly often only eat small portions it is crucial that the products offered are 

very energy dense. It has been shown that fullness and satiety are associated with gastric 

volumes and thus more energy dense food would result in lower satiety per kcal. 

Not only the nutrient content of ONS is important but an appetizing appearance is also 

beneficial to encourage food intake. A product should be served in small portions to enable 

the older person to increase compliance and may even be served in packages that look small 

to be perceived as being even smaller. A variety of different in-between meals supplements 

should be offered to further promote energy intake as a monotonous diet may reduce food 

cravings and intake (3).   

 

2.3 Emulsions 

An emulsion is defined as dispersed immiscible liquids. The most common types are oil-in-

water (o/w) emulsions, such as ice-cream, mayonnaise and milk. Water-in-oil (w/o) 

emulsions, such as butter and margarines. What is more, there is also water-in-oil-in-water 

(w/o/w) that is a w/o emulsion (droplets) suspended in a water phase (thus an o/w emulsion) 

and o/w/o emulsions. 

An o/w emulsion is created by shearing or homogenization, where the oil is dispersed into 

small droplets of oil. The oil droplets in water will coalesce as described above. The driving 

force for coalescence can be lowered by adding surfactants that reduce the interfacial tension 

between the phases, but the emulsion will always be thermodynamically unstable. Reversing 

the coalescence can only be achieved by once again dispersing the oil, i.e. adding mechanical 

energy to the system. Creaming is the process when the oil droplets rise in the solution and 

accumulate at the top of the container as a result of difference in density between the two 

phases. Creaming is often a precursor to coalescence.  

 

2.4 Food emulsions 

The main components affecting the stability of the emulsion are the properties of the oil 

phase, the interfacial “phase” and the aqueous phase. In food these different phases are often 

very complex as they contain many different molecules and structures that may interact, 

making it hard to predict the kinetic stability of food emulsions just by looking at the different 

phases separately. The oil phase can contain many different fatty acids that may change 

structure with time depending on oxidation and lipase activity. If the fat crystallizes it has a 
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big impact on the emulsions stability, for example in stabilizing margarine. The interface 

layer may also contain proteins and smaller surfactants such as monoglycerides, 

phospholipids and esters of fatty acids (12).  

 
An emulsion is thermodynamically unstable and the different phases will strive to separate 

from each other. The emulsion stability can be described by its capacity to withstand 

physiochemical changes over time. There are a number of different mechanisms causing 

emulsion destabilization such as flocculation, coalescence, gravitational separation 

(creaming/sedimentation), Ostwald ripening, partial coalescence and phase inversion. 

Creaming and sedimentation are a result of difference in density. Coalescence is when two 

particles fuse in to one particle and partial coalescence is when two partly crystallized 

droplets fuse in to one irregularly shaped droplet. Flocculation is when droplets aggregate and 

stick together in clusters without coalescence, i.e. the droplets remain as separate entities in 

the cluster. Ostwald ripening occurs when large droplets grow on expense of smaller droplets. 

When phase inversion happens, the emulsion switches from a w/o emulsion to an o/w 

emulsion, or the other way around. All of these mechanisms may influence emulsion stability 

but the different mechanisms may also be combined in various ways, making it hard to 

distinguish the defining cause of destabilization in a certain emulsion (13).  

 

The droplet properties such as droplet concentration, size, charge, interfacial properties and 

colloidal interactions are strongly associated with the emulsion stability. Droplet size has a 

major impact on stability by affecting flocculation, coalescence and gravitational separation, 

but the size also affects color, viscosity and sensory properties. Food emulsions are often 

polydisperse with a range of different droplet sizes. The particle size distribution can be 

described as monomodal, bimodal or multimodal depending on how many peaks there are in 

the particle size distribution. Particle size can be measured and presented in many different 

ways but the most common values are number weighted mean diameter, D[1,0], surface 

weighed mean diameter, D[3,2], and volume weighed mean diameter, D[4,3] according to the 

equations: 

(1) ��4,3� =  ∑ 
� × �� ∑ 
� × ��
�  

(2) ��3,2� =  ∑ 
� × �� ∑ 
� × ��
�  
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(3) ��1,0� =  ∑ 
� × �� ∑ 
� × ��
�  

 

Where 
� is the number of droplets of diameter �. 

 

Large difference between these mean values indicates that the emulsion is multimodal or has 

a broad size distribution (13). 

Droplets in food emulsions often adsorb charged ionic molecules that will determine the 

droplet surface electrostatic properties.  Ionic emulsifiers may prevent coalescence by 

increasing electric repulsion between the droplets. The colloidal interactions, interfacial 

properties and droplet charge all determine whether flocculation and coalescence occurs. This 

is a combination of van der Waals, hydrophobic, electrostatic and depletion interactions that 

attract or repel two droplets. Flocculation promotes creaming by increasing aggregate size and 

it also affects rheological properties (13). 

Gravitational separation is promoted by increased droplet size, flocculation, low viscosity of 

the continuous phase and high difference in density and is also influenced by droplet fluidity, 

concentration, charge and polydispersity (13).  

Coalescence promotes creaming as droplet size increases and changes appearance since larger 

particles scatter light in a different way. In food emulsions coalescence often increase with 

flocculation, high concentration and added shear force. Depending on the interfacial layer and 

repulsive forces between the droplets they can coalescence directly at impact or when the 

droplets have been in contact for an extended period of time. The molecules and ions 

adsorbed at the droplet surface, e.g. emulsifiers, proteins and ions, effect the coalescence 

process (13).     

Gravitational separation does not generally affect the emulsion stability as much as 

flocculation and coalescence since the separation may be reversed by lightly stirring the 

product. Coalescence and flocculation are thus the most important mechanisms to observe and 

prevent when stabilizing an emulsion (13). 
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2.5  Emulsifiers 

When creating food emulsions it is desirable to attain high stability, long shelf life and a 

pleasant consistency. This can be achieved by changing processing methods, ingredients 

formula or by the addition of emulsifiers. Food emulsion systems are usually very complex 

and it can be hard to predict the outcome of a certain combination without empirical testing 

(12). Emulsifiers are basically molecules that reduce surface tension between two phases, e.g. 

oil-water or air-water, and prevent flocculation and coalescence of the emulsion droplets that 

affects emulsion properties and stability. There are a variety of different emulsifiers such as 

phospholipids, monoglycerides, esters of fatty acids but also proteins can act as emulsifiers 

and they all have in common that they interact with the interfacial layer. The emulsifier 

usually forms an adsorbed film around the droplets that helps to prevent destabilizing 

processes such as coalescence and flocculation. To avoid coalescence it is important that the 

interfacial film is mechanically strong and elastic so it does not break when two droplets 

collide (12).    

Emulsifiers can be categorized by their hydrophilic-lipophilic balance, HLB, in which 

hydrophobic emulsifiers have a low HLB value, below 6, and hydrophilic emulsifiers have 

higher HLB value, above 10. Emulsifiers with lower HLB are generally better suited for w/o 

emulsion and higher HLB values are better suited for o/w emulsions. Polar oils have higher 

HLB number than unpolar oils, thus the properties of the hydrophobic phase also need to be 

considered when choosing emulsifier. For example, the use of o/w-promoting emulsifier in a 

w/o emulsion tend to demulsify the w/o emulsion and vice versa (12).     

Emulsions can be stabilized by electrostatic interactions, solid particles and steric 

stabilization. Amphiphilic emulsifiers can stabilize by electrostatic changes in the interfacial 

layer. Nonionic emulsifiers, proteins and polymers can adsorb to the droplet surface and 

reduce interfacial tension and thus sterically stabilize the emulsion. Proteins and emulsifiers 

can interact in synergy or antagonism and emulsifiers can replace proteins at the surface layer 

or vice versa. The surface of the droplet is covered by the surfactants that produce the lowest 

interfacial tension, which might not always be desirable since larger surfactants that achieve 

better long term stability might be depleted from the surface layer (14). 
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2.6 Lecithin 

Lecithin is a mixture of different phospholipids, triacylglyceride and carbohydrates that can 

be derived from a variety of plant oils, e.g soybean, rapeseed, wheat and sunflower oil, but 

also from egg yolk. Soy lecithin that is used in this work usually contains 60-70 % 

phosphatides. In soy lecithin the most common phospholipids are phosphatidyl choline (PC), 

phosphatidyl ethanolamine (PE) and phosphatidyl inositol (PI). These phospholipids occur in 

various degrees depending on processing methods, e.g. by fractioning with acetone or ethyl 

alcohol (12). 

   
 

2.7 Mango 

Mango (Mangifera indica L.) is a juicy and pleasant tasting stone fruit that is one of the most 

cultivated exotic fruits second to bananas. It is rich in vitamin A, Folate and β-carotene and it 

also contains many bioactive compounds such as polyphenols that act as antioxidants and may 

have beneficial nutritional properties (15). Mango was used in this project mainly because of 

its strong and characteristic taste and appealing color. 

    

2.8 Rapeseed oil 

Rapeseed oil contains approximately 60 % unsaturated fatty acids, 30 % polyunsaturated fatty 

acids and 10 % saturated fatty acids (16). The relatively low amount of saturated fat in 

rapeseed oil makes it appealing to use because of the protective effect against cardiovascular 

disease with increased intake of unsaturated fatty acids on expense of saturated fatty acids 

(17).  Rapeseed oil has a relatively subtle taste that is suitable for its purpose in this work as 

energy additive, not compromising the products´ taste.   

    

2.9 Textural Sensory  

The most important texture characteristics in liquid emulsions are thickness, creaminess, 

fattiness and after-feel coating in the oral cavity. When consuming liquids, the tongue is 

mostly involved in the oral processing. Depending on the product’s viscosity, adhesion, 

lubrication and active molecules, its interaction with the saliva and oral cavity will result in 

different texture sensations. The lubrication of the tongue and oral cavity is also important for 

the textural perception. The thickness perception of a liquid is generally effected by the 
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viscosity properties displayed in oral processing. Reduced lubrication in the oral cavity also 

reduces the sensation of creaminess and fattiness but increases roughness. The surface of the 

liquid food will determine the friction or lubrication of the tongue and palate surfaces that is 

sensed by mechanoreceptors. The surface layer of the food will change with oral processing, 

temperature and interaction with saliva resulting in the textural sensation. Oil tends to retain 

on the tongue surface which is associated with higher ratings for sensory thickness, 

creaminess and fattiness but it is also associated with an oily after-feel. The degree of oil 

retention increases with coalescence instability (18).  

 

2.10 Viscosity 

 Viscosity is exhibited by all fluids and is a result of internal friction. The shear stress, τ, 

produced by an applied force on given area, A, is proportional to the velocity gradient, ∂u/∂y, 

according to equation 4 where µ is the dynamic viscosity. 

 

            (4)  � =   � ��
�� 

 

Newtonian fluids have a constant viscosity whereas non-Newtonian fluids´ viscosity changes 

with applied shear stress. Shear thinning fluids’ viscosity decrease with shearing rate while 

shear thickening fluids’ viscosity increase with shear rate. In some fluids the viscosity is also 

time dependant, thixotropic. In the thixotropic fluids the applied shear stress results in a lower 

viscosity that needs a finite time to re-build the original viscosity. The power-law equation 

can be used when describing the flow curve of fluids where K is the consistency index and n 

the thinning coefficient. 

            (5)   � = � × (��
��)�  

As can be derived from the equation, the thinning coefficient is 1 for newtonian fluids, n<1 

for shear thinning fluids and n>1 for shear thickening fluids.(19)  
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3 Methods 

 

The original test-matrix consisted of four different fats, five emulsifiers, two fat 

concentrations and two different fruit purées. Even before starting with the practical work this 

matrix was reduced to only involving mango and plum puré with rapeseed oil, butter, 

butter/rapeseed blend and soy lecithin. After some initial testing the plum puré, butter and 

butter/rapeseed blend were removed as well including only mango puré, rapeseed oil and soy 

lecithin. The downsize of the test-matrix was due to lack of time, for example the original 

matrix would result in 80 samples even without looking at parameters such as rpm, 

temperature, emulsifier concentration, beaker and propeller geometry etc. The soy lecithin 

was the only emulsifier that was available at project start and was thus naturally selected. The 

mango purée was easier to handle than the plum purée due to a more runny consistency and 

had a strong flavor and likeable color. The rapeseed oil may have nutritious benefits versus fat 

sources containing more saturated fat as described in the background and theory section 

above, also it was easier to handle due to its liquid form. 

 

3.1 Preparation of samples 

 

3.1.1 Pretesting 

A Eurostar Digital rotation engine equipped with a propeller, 6 cm in diameter with 3 blades, 

was used to mix the samples in a 250 ml glass beaker with an inside diameter of 6.5 cm. The 

fats used were; butter, rapeseed oil and butter/rapeseed oil blend. These fats were mixed with 

mango or plum puré in the amount of 10 % or 20 % fat by weight with or without soy lecithin 

(1 % of the oil phase) in a total of 100 g. The fats were heated to 60 °C in order to liquefy 

those in solid state and to melt the lecithin powder that was added to the fats. The purés were 

added at room temperature, ~20 °C. The mixing was performed at 500-1000 rpm for 

approximately 1-2 minutes. Time and rpm was not set to a definite value as this only was an 

attempt to get an estimation of how the oils, purés and emulsifier would interact. 
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3.1.2 Mango series 1 

The initial series of mango blends was performed with the same equipment as in the 

pretesting except that the glass beaker was changed to a 400 ml SCHOTT Duran, inside 

diameter of 7,5 cm, to allow higher rpm. The mango puré was mixed with rapeseed oil and 

soy lecithin in samples with a total weight of 100 g. Soy lecithin in the amount of 0, 5 and 10 

% of the oil phase (rapeseed oil + lecithin) was first mixed with rapeseed oil at 60 °C and the 

oil phase was then mixed with the mango puré at set RPM. Samples were prepared according 

to table 1 where RO is the amount of oil phase (% of total sample) and L the percentage 

lecithin of the oil phase. The mixing was performed at 1200 RPM for 1 minute. 

Approximately 40 ml of each sample was stored at room temperature in plastic falcon tubes 

with a diameter of 2.5 cm for the emulsion stability index described further below. 

Table 1. Sample preparation of the first mango series, where RO is the amount of oil phase with 0 w%, 5 w% or 10 w% 

lecithin (L) in samples of 100 g, the x marks the samples prepared 

Mango 1 RO 10 RO 15 RO 20 RO 25 RO 30 RO 35 RO 40 

L 0 % x x x x x   

L 5 % x x x x x x x 

L 10 % x x x x x x x 

 

 

 

3.1.3 Mango series 2 

A second mango series was prepared with the same mixing equipment but with a 400 ml 

Monax glass beaker, 7.5 cm in diameter. The mango purée was mixed with rapeseed oil and 

soy lecithin in samples of 100 g. Soy lecithin in the amount of 0, 5 and 10 % of the oil phase 

(rapeseed oil + lecithin) was first mixed with rapeseed oil at 60 °C and the oil phase was then 

mixed with the mango purée at set RPM. Samples were prepared according to table 2 where 

RO is the amount of oil phase and L the percentage lecithin of the oil phase. The samples 

were processed at 1200, 1500 and 1800 RPM for 1 minute. The 50 % and 60 % oil phase 

samples were stored in glass tubes with a diameter of 2 cm for the emulsion stability index 

storage test. 
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Table 2. Sample preparation of the second mango series, where RO is the amount of oil phase with 0 w%, 5 w% or 10 w% 

lecithin (L) in samples of 100 g, x marks the samples prepared. 

Mango 2 RO 35 RO 40 RO 45 RO 50 RO 55 RO 60 

L 0 % x x x x x x 

L 5 %    x  x 

L 10 %    x  x 

 

3.3 Emulsion stability and dry weight 

Emulsion stability was measured by Emulsion stability index (ESI), percentage of initial 

emulsion height (EH), the height of the oil layer (HO) and the height of the sedimentation 

phase (HS):  

(6)  ESI (%)= (EH- (HO-HS) / EH) x 100 

The ESI on the first mango series was determined at day 0, 1, 8 and 13. The plum ESI was 

determined at day 0, 1, 2 and 8. The ESI of the mango series 2 was determined at day 0, 1 and 

4. The height was measured with a ruler.  

The dry weight of the mango purée was determined by weighting 3 samples before and after 

drying in an oven for ~24 h. 

 

3.4 Particle size 

The mean particle size of the second mango series was determined by light scattering, using a 

Mastersizer 2000 (Malvern instruments Ltd.) Measurements were made on the samples with 

50 % and 60 % oil in the mango series 2 at sample preparation and on day 4. Measurements 

were only made on samples without separation layers as it otherwise was difficult to get a 

“clean” sample from the bottom of the tubes. Also, as larger droplets tend to rise faster than 

smaller droplets, the particle size would depend on where in the tube the sample was 

collected. 

The Mastersizer measures the light scattered from laser beams that are directed through the 

sample. The size, refractive index and absorption of the particles will determine the scattering 

pattern. Since the mango samples’ refractive index and absorption were unknown, these 

values were set according to a preset model for rapeseed oil with a refractive index of 1.470, 

absorption 0.1 and a dispersant refractive index of 1.330 for water. As these optical properties 
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of the mango purée only were assumptions the particle size result should not be viewed as the 

true values but only used for comparison between the samples.   

 

3.5 Microscopy 

An optical microscope was used to visually evaluate the oil droplet size and general emulsion 

appearance. Pictures were taken on 50 and 100 x zoom on the first and second mango 

samples. Pictures were only taken on the samples in which the oil had not separated entirely. 

The volume weighted mean diameter D[4,3] and surface weighted mean diameter D[3,2] were 

calculated  using Matlab 7.12.0.635 (r2011a) in an image processing script using the 

following equations for D[4,3] and D[3,2]: 

(7) ��4,3� =  ∑ 
� × �� ∑ 
� × ��
�  

(8) ��3,2� =  ∑ 
� × �� ∑ 
� × ��
�  

Where 
� is the number of droplets of diameter �. 

  

3.6 Viscosity measurements 

Shear viscosity measurements were made with a Visco 88 (Malvern instruments Ltd.) using 

its C25 concentric cylinder. Values were noted on each speed after 10 seconds from speed 1 

to 8 and back again. The viscosity measurements were made on samples with 50 % oil phase 

of which was 0, 5 and 10 % lecithin run at 1500 RPM for 1 min with the same conditions as 

the mango series 2. A reference sample of pure mango purée mixed with the same equipment 

for 1 min at 1500 RPM was also measured. The viscosity was plotted against the shear rate to 

get flow curves that fitted to the Power-Law model. 

 

3.7 Main trial  

The main trials were performed at SIK in Gothenburg and as a result of this the same 

equipment was not available. As decided earlier, testing continued only with the mango purée, 

rapeseed oil and soy lecithin. The process equipment and settings seemed to have a great 
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impact on the product properties and it would prove difficult to reproduce the products from 

the pretrials. The plan changed to simply try and produce sufficiently stable emulsions, more 

or less at random process conditions, with at least 50 % oil with the available equipment since 

the time did not allow for process tweaking. These kinetically stable samples were to be 

evaluated by sensory and viscosity measurements. The processing that would create a 

successful emulsion of the most difficult sample, i.e. the one with most oil and lecithin, would 

define the method in which all the samples were produced with.  

 

3.8 Preparation of samples 

 

3.8.1 Pretesting main trial 

The mixing was done with a DI 25 Basic Homogenizer (Yellowline) that had a speed range 

from 8000 to 24000 rpm. The highest rpm settings, approximately from 20000 and up, did not 

successfully create emulsion of samples that worked with lower rpm. This could possibly be 

because of the heat development at higher rpm. Another important observation was that the 

oil had to be poured very slowly into to the mango purée or added in many small volumes if 

an emulsion was to be formed. If the oil was split in several smaller volumes the sample 

benefitted from being completely homogenized before a new oil portion was added. 

 

3.8.2 Working method 

The samples were mixed using the DI 25 Basic Homogenizer in a 250 ml glass beaker. The 

mango purée had a temperature of ~ 3 °C. The oil was heated to 60 °C and the lecithin was 

dissolved in the hot oil using a magnetic stir bar. The oil was added to the mango purée in sets 

of 10 ml, approximately every 50 sec to completely homogenize the blend in between. This 

was monitored visually by checking for visible oil and color uniformity. The samples were 

processed for a total of 5 min and 30 seconds and the beaker was moved in slow circular 

movements during the time to achieve complete mixing. The samples were stored in a fridge, 

~3 °C, for approximately 24 h before viscosity and sensory testing. A total of  100 g per 

sample was prepared: unprocessed mango purée (Ref), 30 % rapeseed oil (RO30L0), 30 % 

rapeseed oil and 1 % Lecithin (RO30L1), 30 % rapeseed oil and 5 % lecithin (RO30L5), 50 % 

rapeseed oil (RO50L0), 50 % rapeseed oil and 1 % Lecithin (RO50L1), 50 % rapeseed oil and 

5 % Lecithin (RO50L5).   
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3.8.3 Viscosity measurements and nutritional calculations 

The samples were run in a ARES-G2 reometer (TA Instruments, New Castle, DE, USA) with 

a 18.6 mm concentric cylinder at the shear rates, γ& ,1-500 s-1. Each flow curve was fitted to 

the Power Law model (η=K γ& n-1) giving the consistency index K and the shear thinning 

exponent n. Measurements were made at 20 ºC and 37 ºC with a temperature ramp in 

between.   

Nutritional calculations were made with Dietist XP ver 3.1. 

 

3.8.4 Sensory evaluation 

A consensus profiling method called Flavoring Profiling, developed by Arthur D Little 

Company, was used to determine different sensory properties of the mango samples (20). In 

this method a small group of verified judges led by a panel leader is first trained to assess 

specific sensory properties in a product and then in consensus between the judges determine 

the sensory properties on an agreed scale. In this test an external analytical panel at SIK was 

used, consisting of 4 judges. All of them had been selected according to their ability to 

recognize and identify different tastes and odors according to ISO 8586-1993 (ISO, 1993).  

The tests were performed during two consecutive days for 2 hours each session. During the 

first session the panel collectively determined the different texture, appearance and flavor 

characteristics that best described the different samples. Several of the words had similar 

meaning to the judges and were therefore grouped into one attribute, resulting in a reduction 

of attributes. By serving the judges two samples at a time, starting with the two extremes, 

Pure mango purée and RO50L5%, they were able to agree on the definitions of the 5-point 

scales on the different attributes.  

At the second session the samples attributes were determined on a 5-point scale by consensus. 

The attributes evaluated were color, texture on spoon, adhesion to spoon, creamy/rich mouth 

feel, oily mouth feel, mango flavor, sweet taste and sour taste, see appendix 1 for vocabulary 

explanation.  

Approximately 15 ml samples were served in open plastic cups marked with a three digit code 

to identify the samples and served according to a sequential monadic test design to avoid 
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comparison of the different samples. The samples had been prepared 24 before each session 

and taken out of the fridge approximately one hour before serving at room temperature, ~20 

°C. The judges were served in separated booths, figure 1, and were offered neutral wafers, 

carbon hydrated water and hot water for rinsing the oral cavity between the samples. The 

judges performed their own judgments individually and noted the three digit code of each 

sample on a preset form, Appendix 2. Between every two samples the results were reviewed 

and consensus decision on their attributes noted, except for the last three samples that were 

reviewed together in order to save time.  

 

 

 

 

 

 

 

 

 

4 Results 

 

4.1.1 Pre-trial - pretesting  

The pretesting samples were evaluated visually for color and viscosity changes and if the fat 

was successfully dissolved. The rapeseed/butter blend from Arla was successfully mixed with 

the plum puré and the mango purée in 10 % and 20 % oil phase with or without 1 % soy 

lecithin. 

The emulsions with rapeseed and plum puré were successful, i.e. not separated after mixing, 

with 10 % rapeseed oil, 10 % and 20 % rapeseed oil with 1 % soy lecithin but not with 20 % 

Figure 1. The samples were 

served to the panelists in a 

separate booth where they 

were offered natural wafers, 

carbonated water and hot 

water to rinse the oral cavity 

between samples.     
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rapeseed oil. With the mango puré only 10 % rapeseed without soy lecithin and 20 % 

rapeseed with 1 % soy lecithin resulted in successful emulsions as shown in figure 2. The 

lecithin seemed to increase viscosity and thickness and color changed to a lighter shade of 

yellow in the mango samples. No notable changes in color or thickness were observed 

between the rapeseed plum puré samples with or without lecithin. 

Butter was successfully mixed with plum purée in 10 % and 20 % fat with or without 1 % soy 

lecithin. Color differed a lot between the samples, with lighter colors in 20 % fat without soy 

lecithin and 10 % fat with lecithin, as shown in figure 3.  

 

 

 

 

 

 

 

 

 

The 250 ml glass beaker used for mixing the pretesting samples was too small to handle 

higher rpm than ~1000 as the engine and propeller would shake and possible break the 

beaker. A wider beaker would allow higher rpm but result in less effective mixing. Another 

observation was that the samples failed to create an emulsion, i.e. separated immediately, 

when the oil was accidently heated to ~70-80 °C. Also, adding the oil slowly by pouring it in 

to the puré seemed beneficial for emulsion success.  

 

Figure 2. The samples with mango puré, rapeseed oil and 

soy lecithin. From right to left: RO10L0%, RO20L0%, 

RO20L1% and R030L1% where RO is the amount of oil phase 

(%) and L is the lecithin % of the oil phase. 

Figure 3. The samples with plum puré, butter and 

soy lecithin. 
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4.1.2 Pre-trial - Emulsion stability  

The results from the first mango series are presented in table 3 where an ESI value 100 

represents a stable emulsion where the oil did not separate. The samples with 35 % and 40 % 

oil phase with 5 % and 10% lecithin were separated at mixing. Between day 8 and 13 visible 

oil droplets had formed in all the samples with 5 % and 10 % lecithin and the droplets were 

more prominent in the samples with 10 % lecithin. 

Table 3. The ESI-values of the first mango series at day 0 and 13.  

Mango 1 RO10 RO15 RO20 RO25 RO30 RO35 RO40 

DAY 0        

L0% 100 100 100 100 100 - - 

L5% 100 100 100 100 100 70*  

L10% 100 100 100 100 100 75* 68* 

DAY 13        

L0% 100 100 100 100 100 - - 

L5% 100** 100** 100** 100** 100** 70*  

L10% 100** 100** 100** 100** 100** 75* 68* 

* Unsuccessful emulsion    

**Visible oil droplets in the solution, more prominent in the L10% samples  

 

 

The ESI results from the second mango series with 50 % oil are presented in table 4. The 

samples with 0 % lecithin didn’t cream but the one processed at 1200 RPM had formed 

visible oil droplets evenly distributed in the purée at day 4 as shown in figure 4. The samples 

with 5 % and 10 % lecithin processed at 1200 and 1500 RPM separated at day 1. The 10 % 

lecithin sample processed at 1800 RPM nearly separated at day 1 but the oil didn’t cover the 

surface layer entirely. Visible oil droplets were also noticed in the 5 % lecithin sample 

processed at 1800 RPM at day 4. 
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Table 4. The ESI-values of the second mango series samples with 50 % oil. 

Mango series 2, 50 % oil 1200 RPM 1500 RPM 1800 RPM 

DAY 0    

L0% 100 100 100 

L5% 100 100 100 

L10% 100 100 100 

DAY 1    

L0% 100 100 100 

L5% 91,3 91,8 100 

L10% 95 93,3 100** 

DAY 4    

L0% 100* 100 100 

L5% 91,3 90 100* 

L10% 95 93,3 100** 

*Visible oil droplets in solution, evenly distributed 

** Visible oil at edges of surface layer 

 

 

 

 

 

 

 

 

 

 

The ESI results from the second mango series with 60 % oil are presented in table 5. The only 

sample that still was entirely stable at day 4 was the 0 % lecithin processed at 1800 RPM. The 

other two samples with 0 % lecithin, 1200 and 1500 RPM, did not separate entirely but oil 

was accumulating at the surface layer from day 1. The 5 % lecithin samples were not 

separated at mixing but they separated within 1-2 h. The 10 % lecithin sample processed at 

Figure 4. Picture of the RO50L0% samples from the second mango series 

mixed at 1800, 1500, and 1200 RPM (from left to right). The two squares 

are magnified areas of the 1500 RPM (left) and 1200 RPM (right) sample 

where visible oil droplets is present in the 1200 RPM sample.  
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1500 RPM was separated at mixing and therefore the 1200 RPM sample wasn’t performed as 

lower RPM would provide even less shearing force.  

 

Table 5 The ESI-values of the second mango series samples with 50 % oil.   

Mango series 2, 60 % oil 1200 RPM 1500 RPM 1800 RPM 

DAY 0    

L0% 100 100 100 

L5% 100** 100** 100** 

L10% 0 69,2 100,0 

DAY 1    

L0% 100* 100* 100 

L5% 56,0 63,0 51,1 

L10% 0,0 50,0 55,3 

DAY 4    

L0% 100* 100* 100 

L5% 56,0 59,0 51,1 

L10% 0,0 46,2 55,4 

* Visible oil droplets on surface layer and in solution, not enough to create 

cream layer  

**Successful emulsion, phase separation after 1-2 h 

 

The dry weight of the mango purée was calculated to 83 %. 

 

4.1.3 Pre-trial -  Particle size 

The surface weighted mean D[3,2] and volume weighted mean D[4,3] results at sample 

preparation, day 0, are presented in table 6 and the results from day 4 are presented in table 7. 

The 0 % lecithin sample run at 1500 RPM was unsuccessfully mixed since the oil was poured 

too fast in to the mango purée and the emulsion creamed immediately. Measurements were 

only made on samples that were still stable, i.e. had not separated.  
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Table 6. Particle size results from the second mango series at day 0. 

Day 0 

1200 

RPM 

1500 

RPM* 

1800 

RPM 

L0%       

RO 60       

Surface Weighted Mean D[3,2] (µm) 100 - 59 

Volume Weighted Mean D[4,3] (µm) 150 - 130 

RO 50       

Surface Weighted Mean D[3,2] (µm) 52 45 43 

Volume Weighted Mean D[4,3] (µm) 140 120 120 

L5%       

RO 60       

Surface Weighted Mean D[3,2] (µm) 33 25 26 

Volume Weighted Mean D[4,3] (µm) 110 95 95 

RO 50       

Surface Weighted Mean D[3,2] (µm) 21 17 12 

Volume Weighted Mean D[4,3] (µm) 100 86 90 

L10%       

RO 60       

Surface Weighted Mean D[3,2] (µm) - - 23 

Volume Weighted Mean D[4,3] (µm) - - 98 

RO 50       

Surface Weighted Mean D[3,2] (µm) 20 24 19 

Volume Weighted Mean D[4,3] (µm) 100 100 97 

     

The general trend in particle size was that increasing RPM lowered particle size, increasing 

oil % increased particle size, increasing lecithin lowered particle size and that particle size 

increased over time.  
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Table 7. Particle size results from the second mango series at day 0.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.4 Pre-trial - Viscosity 

The shear viscosity was plotted against shear rate to get the flow curve as shown in figure 5. 

The consistency index, K, and thinning exponent, n, are presented in table 8. All the samples 

are pseudoplastic, i.e. shear thinning, as seen in the figure 4 and the fact that the shear 

thinning exponent is lower than 1. The samples with higher amount lecithin were less viscous. 

The temperature was slightly higher in the 5 % and 10 % than the 0 % lecithin sample.  

 
Table 8. Temperature consistency index K and thinning exponent n for RO50L5% and RO50L10% samples from the second 

mango series produced at 1500 RPM   

 
 
 
 
 
   

 

Day 4 

1200 

RPM 

1500 

RPM* 

1800 

RPM 

L0%       

RO 60       

Surface Weighted Mean D[3,2] (µm) 110   58 

Volume Weighted Mean D[4,3] (µm) 160   130 

RO 50       

Surface Weighted Mean D[3,2] (µm) 57 46 42 

Volume Weighted Mean D[4,3] (µm) 140 130 120 

L5%       

RO 60       

Surface Weighted Mean D[3,2] (µm) - - - 

Volume Weighted Mean D[4,3] (µm) - - - 

RO 50       

Surface Weighted Mean D[3,2] (µm) 23 24 22 

Volume Weighted Mean D[4,3] (µm) 110 110 100 

L10%       

RO 60       

Surface Weighted Mean D[3,2] (µm) - - - 

Volume Weighted Mean D[4,3] (µm) - - - 

RO 50       

Surface Weighted Mean D[3,2] (µm) 21 21 19 

Volume Weighted Mean D[4,3] (µm) 100 100 90 

Sample T (°C) n K (Ps) 

REF 25 0,22 4,05 

RO50L0 23 0,47 3,44 

RO50L5 28 0,36 1,47 

RO50L10 26 0,45 1,02 
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4.1.5 Pre-trial - Microscopy 

The calculated values of the volume weighted mean diameter D[4,3] and surface weighed 
mean diameter D[3,2] from the mango series 2 at day 0 and 1 are presented in table 9 and 10. 
The droplets in the samples at day 4 did not have a good fit to the script in Matlab because of 
irregular shape,   but the general trend was increasing particle size with time. As illustrated in 
figure 6 the droplet size was significantly smaller in the samples with lecithin. What is more, 
although all the samples could be considered polydisperse the samples that contained lecithin 
seemed to have a more even size distribution. 

 

Table 9. Volume weighted mean diameter D[4,3] for the second mango series’ samples at day 0. 

D[4,3] (um)    

Day 0 RO 50 1200 RPM 1500 RPM 1800 RPM 

L 0% 90 81 79 

L 5% 22 37 16 

L 10%  0* 29 

D[4,3] (um)    

Day 1 RO 60 1200 RPM 1500 RPM 1800 RPM 

L 0% 92 0* 90 

L 5% 22 22 24 

L 10%  0* 22 

*Phase separation at mixing therefore not measured 

 

 

 

Figure 5. Shear viscosity of 

RO50L0%, RO50L5% and RO50L10% 

samples from the second mango 

series produced at 1500 RPM. 
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Table 10. Surface weighted mean diameter D[3,2] for the second mango series’ samples at day 0. 

D[3,2] (um)    

Day 0 RO 50 1200 RPM 1500 RPM 1800 RPM 

L 0% 80 70 67 

L 5% 19 26 14 

L 10%  0* 22 

D[3,2] (um)    

Day 1 RO 60 1200 RPM 1500 RPM 1800 RPM 

L 0% 78 0* 78 

L 5% 20 19 21 

L 10%  0* 19 

* Phase separation at mixing therefore not measured 

 

 

 

4.2.1 Main trial - Viscosity 

The flow curves of all samples at 20 °C and 37 °C are shown in figure 7 which exhibit their 
shear thinning properties. The consistency index K and thinning exponent n at 20 °C and 37 
°C are presented in table 11. The consistency index K increases with increasing lecithin 
concentration and the values are the highest in the sample with 50 % oil phase with 10 % 
lecithin. Little or none thixotropy is seen in the samples except for the samples with 50 % oil 
phase with 1 % and 5 % lecithin at 37 °C as shown in figure 8. The viscosity was plotted 
against the temperature within the interval from 20 °C to 37 °C at the same shear rate as 
shown in figure 9 that illustrates the temperature dependency of the samples’ viscosity.     

Figure 6. Pictures taken at 100x magnification. The RO50L5% sample (left) with much smaller fat droplets than the 

RO50L0 sample (right). Both samples were run at 1500 RPM for one minute.   
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Table 11. The temperature, thinning exponent n and consistency index K of the second main-trial samples at 20 °C and 37 

°C 

 

 

 

 

 

 

 

 

 

 

 

Sample T (°C) n K (Ps) 
REF 20 0,30 12,17 
RO30L0 20 0,36 12,5 
RO30L1 20 0,31 15,41 
RO30L5 20 0,24 26,25 
RO50L0 20 0,47 7,43 
RO50L1 20 0,28 19,31 
RO50L5 20 0,19 56,88 

Sample T (°C) n K (P^s) 
REF 37 0,32 9,92 
RO30L0 37 0,40 7,44 
RO30L1 37 0,31 11,60 
RO30L5 37 0,30 13,31 
RO50L0 37 0,45 5,76 
RO50L1 37 0,10 7,85 
RO50L5 37 0,25 16,81 

Figure 7. The shear thinning viscosity of the main-trial samples at 20 °C (left) and 37 °C (right).  

Figure 8. The thixotropy properties of sample RO50L1% and RO50L5% at 37 °C.   
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4.2.2 Main trial - Nutritional calculations 

The nutritional content of the samples are presented in table 12. 

Table 12. The nutritional value of the samples (per 100 g). 

Sample Energy 
(kcal/100g) 

Protein 
(g/100g) 

Fat 
(g/100g) 

Carbohydrate 
(g/100g) 

REF 65 0,5 0,3 15 
RO30L0 310 0,3 30 11 
RO30L1 309 0,3 30 11 
RO30L5 307 0,3 30 11 
RO50L0 475 0,3 50 7,5 
RO50L1 473 0,3 50 7,5 
RO50L5 471 0,3 50 7,5 
 

 

4.2.3 Main trial - Sensory evaluation 

The results of the consensus flavoring profiling are shown in table 13 and are further 

visualized in spider plots, figure 10, 11 and 12. Regarding the visual sensory characteristics it 

seems as the color was lighter with increasing amounts of lecithin, although the difference 

was small. The texture on spoon was lowest with 5 % lecithin, i.e. the samples were less 

runny and more like a mousse. The adhesion to the spoon was high in all samples except 

RO50L0. The oily and creamy/rich mouth-feel both seemed to increase with increasing 

lecithin concentration as with the RO30L5 sample that was perceived more oily and 

Figure 9. The temperature dependency of the samples in the main-trial.  
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creamy/rich than RO50L0 even though it contained 20 % less oil. The flavor characteristics of 

the emulsion, mango flavor, sweet taste and sour taste, were all lower in the 50 % oil samples 

than the 30 % oil samples. The oily and creamy/Rich mouth-feel were perceived higher with 

increasing lecithin, for example the RO30L5% was rated higher than RO50L0%.  

Table 13. The results of the flavor profiling, in which the characteristics are graded on a scale from 1 to 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Characteristics Ref RO30L0 RO30L1 RO30L5 RO50L0 RO50L1 RO50L5 
Color 5 3 2,5 2,5 2,5 2 1 
Texture on spoon 4 3,5 5 1 4,5 2,5 0,5 
Adhesion to spoon 4,5 4 4,5 4,5 2 4,5 4,5 
Creamy/Rich 2 3 3,5 4 2,5 3,5 5 
Oily 1,5 3 3,5 4,5 3,5 4 5 
Mango flavor 3,5 3 3,5 2,5 2,5 2,5 2 
Sweet taste 3,5 3 3 2,5 2 2 2 
Sour taste 4 2,5 3 2,5 2 2 2 

Figure 10. Spider plots of the 50 w% oil samples´ 

flavor characteristics.   

Figure 11. Spider plot of the 30 w% samples’ flavor 

characteristics. 
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5 Discussion 

 

5.1 Pre-trials 

During pretesting the results and observations suggested that process conditions and settings 

had a great impact on the outcome of the emulsions. This was seen, for example, when the oil 

was poured too fast into the puré while mixing, when the oil was too hot when added or when 

switching beakers. When creating o/w-emulsion it is often required to add a lot of energy, e.g. 

by shearing, homogenization, which will enhance the impact of the processing equipment and 

conditions. This was especially noticeable when switching beakers between the first and 

second mango series, resulting in successful emulsion with almost the double amount of oil 

through more efficient shearing.  

5.1.1  Emulsion stability  

In the second mango series the results showed that increasing amounts of oil decreased the 

emulsion stability while increasing rpm increased stability. The addition of lecithin seemed to 

destabilize the samples with more destabilizing effect in the 10 % samples than 5 % samples. 

This was an unanticipated but interesting observation, as the primary intention of the lecithin 

usage was to increase stability and to enable higher amounts of oil in the product. Perhaps 

smaller amounts of lecithin than used in these samples would generate better stability. The fat 

droplet size was clearly smaller in the samples with lecithin regarding D[4,3] and D[3,2] in 

both  the Mastersizer and microscope calculated values. The values from the Mastersizer are 

Figure 3. Spider plot of all the samples’ flavor profiles. 
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not comparable to the calculated microscope values as the refractive index and obscuration 

index were only estimated, resulting in an uncertain value. Also, it’s not a value of the fat 

droplet size but all the particles present in the product. As can be observed in volume 

distribution of pure mango processed at 1500 rpm for 1 min the largest volume of particles are 

those originated from the mango puré. But if the mango puré is considered homogenic the 

difference in mean values should be due to different fat particle size in the samples. Visual 

estimation in the microscope pictures also indicates that the values from the Mastersizer 

probably were too high to represent the fat droplet size.  The script for calculating the 

diameter from the microscope pictures is of course also an estimation but probably closer to 

the true size of the fat droplets. However, both series show that the samples with lecithin have 

smaller fat droplets. 

 

The main mechanisms for phase separation are coalescence, creaming and flocculation. 

Smaller particle size, as described in the introduction, is associated with increased stability 

towards creaming and flocculation which in turn favors increased separation stability. It is 

possible that the fat droplets in the lecithin samples have lower stability towards coalescence 

which may lead to easier phase separation. The lower droplet size may be a result of a 

lowered surface tension by lecithin adsorption to the interfacial area allowing larger total 

surface area, i.e. smaller droplets. Although the lecithin addition produces smaller droplets, it 

may also reduce the elasticity or mechanical resistance of the outer layer of fat droplets, 

which in turn results in lower stability towards coalescence. When the droplets coalesce they 

become larger and larger until they finally reach a point where they have become a separate 

oil phase. The outer layer of the droplets protects them from coalescence with other droplets 

by electrostatic and steric repulsion. It is possible that the lecithin depletes mango originated 

proteins or other surface active molecules at the surface layer that might not accomplish the 

same low surface tension but are better suited for coalescence stabilization.        

5.1.2 Viscosity 

The viscosity measurements in the pre-trials showed a lower viscosity with increasing 

amounts of lecithin. This was surprising since the visual inspection of the samples showed the 

opposite. This might be explained by the slightly higher temperature in the two samples with 

lecithin or that the phases partly separated due to shearing as was indeed observed after the 

measurements.  
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5.1.3 Microscope 

The samples with droplets that had irregular shapes, i.e. not spherical, or with a large diameter 

had a less good fit to the Matlab script. This mainly concerned the samples without lecithin at 

day 0, but on day 4 all of the samples had relatively bad fit and were thus not presented.  

5.2 Main-trials 

All of the samples in the main-trial displayed pseudoplastic properties but the samples with 

the highest amount oil and lecithin, RO50L1% and RO50L5%, also exhibited thixotropic 

properties. This was observed in viscosity measurements at 37 °C and it is probably a result of 

the oil separating from the emulsion. There was a certain viscosity drop during the 

temperature ramp between 20 °C and 37 °C, especially in the high fat and high lecithin 

samples, indicating that the separation may be temperature dependant.    

 

5.2.1 Nutritional calculations 

The energy content of the samples is fairly high, ranging from 310 to 475 kcal/100g, but the 

values are probably a bit lower per volume in the lecithin containing samples since they 

contain more air. It should be considered important for a product to be energy dense not only 

per weight but also regarding volume, since older people generally eat less and slower.  

The products would probably benefit from protein reinforcement and perhaps some addition 

of micronutrients like vitamins and minerals in terms of nutritional value. High quality protein 

is important for muscle protein synthesis and in prevention of sarcopenia (20).  

 

5.2.2 Sensory evaluation 

The textural properties before ingestion and visual characteristics of a product are important 

for the acceptability. Furthermore, it could be desirable to have a product that has a high 

viscosity so that it does not spill when moving spoon from food to mouth. A thick mousse 

would be much easier for an elderly with shaky and unstable hands to eat than a runny 

product, if not ingested by drinking.  

One might assume that the samples with the most oil would be perceived as having the oiliest 

mouth-feel but in this case the lecithin increases the oily and creamy/rich perception. The 

creamy/rich mouth-feel might be an effect of the incorporated air and mousse like consistency 

of the more lecithin rich samples. As observed in the pre-trials the samples containing lecithin 
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were less stable towards phase separation and coalescence. This might increase retention of 

oil to the tongue that will result in an oily coating of the tongue and oral cavity perceived as 

an oily mouth-feel. As observed in the main-trial viscosity measurements at 37 °C, there was 

a significant drop in viscosity in the samples with 5 % lecithin possibly due to phase 

separation. Both the heating and processing in the oral cavity could lead to increased retention 

of oil on the tongue and oral cavity. 

Even though the judges did not officially evaluate their general liking of the samples, their 

non official feedback was that the oily mouth-feel was the most serious concern.  

 

 

6. Conclusion 

 

The mango puré proved to efficiently emulsify rapeseed oil up to at least 50 % under the 

presented conditions without using any extra emulsifier. The nutritional energy of a 50 % oil 

product is relatively high and it might not be necessary to increase the fat amount further. An 

increasing demand for additive free products among consumers further discourages the use of 

emulsifiers, such as lecithin, in this product. 

The lecithin had some effects on the consistency and textural properties, e.g. the mousse like 

texture, that might be desirable but there may as well be other additives such as thickeners 

that may be more efficient in achieving a desired texture. 

These crude experiments with mango purée and rapeseed oil showed that a high energy fruit 

purée with acceptable taste can be achieved relatively simple using only a high speed blender. 

Further development of similar products but with addition of protein and perhaps sugar, to 

enhance flavor, should be of interest.  
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Appendix 1: Sensory Attributes  

Vocabulary Mango 

Color 1 = white yellow, 5 = mango yellow/orange 
Stir the product a bit before evaluation. 

 

Texture on spoon 1 = Thick/drips a bit 

5 = a lot of dripping/runny 

Take 1 full teaspoon and tilt. 

 

Adhesion to spoon How much of the sample that is left after dripping 

1 = little or nothing left on the spoon 

5 = a lot left on the spoon (completely covered) 

Take 1 full teaspoon and tilt vertically, wait 5 seconds 
and turn the spoon horizontal again. 

Creamy/Rich mouth feel How thick (opposite to watery) the product is 
experienced in the mouth 

 

Oily mouth feel Fat or oily sensation in mouth, oil film sticks in oral 
cavity 

Mango flavor 
 

Intensity of mango 

Sweet taste Intensity of sweet 
Sour taste 
 

Intensity of sour 
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Appendix 2: Sensory evaluation form 

 

 

• 0 = Not at all    Sample……………….. 

• 1 = very low 

• 2 = weak/low 

• 3 = Medium 

• 4 = High 

• 5 = Very high intensity/a lot 

 

 

Color         0             1            2              3               4                 5 

 

Texture with spoon     0             1            2              3               4                 5 

 

Adhesion with spoon     0             1            2              3               4                 5 

 

Creamy/rich      0             1            2              3               4                 5 

 

Oily      0             1            2              3               4                 5 

 

Mango flavor     0             1            2              3               4                 5 

 

Sweet taste      0             1            2              3               4                 5 

 

Sour taste      0             1            2              3               4                 5 
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