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Abstract 

The potential of yacon roots as a food ingredient was evaluated to determine its 
application in the food industry especially in the meat industry. The understanding 
of yacon and its interactions between the sarcoplasmic and myofibrillar proteins of 
meat was the key part of this study to decide if it works well as an ingredient.    

The drying of yacon as a way to preserve yacon roots, which usually have a short 
shelf life, was performed using convection drying until a water activity of about 0.45 
and a dry matter of about 92% were achieved. The colour of yacon changes after 
drying, making the samples darker. It was found that the physicochemical properties 
of yacon are lost after drying, and that changes in the temperature and air speed 
could influence those changes.  

The continuation of the work was focused on the interactions of different yacon 
components with the different proteins of meat: namely sarcoplasmic and 
myofibrillar proteins. The soluble fraction of yacon was combined with sarcoplasmic 
proteins and the emulsifying properties of these proteins were evaluated. The results 
indicated that the addition of the soluble fraction of yacon formed aggregates with 
the proteins and these aggregates helped to spread the protein at the oil interface 
improving the emulsifying properties of the sarcoplasmic proteins.  

With regard to the meat myofibrillar proteins, the gelling ability of these proteins 
was investigated in combination with different ingredients such as yacon, carrot, 
parsnip, oil, meat pieces and potato starch. The combination of the soluble and 
insoluble fraction of yacon with myofibrillar proteins has an effect on the gel 
formation of these proteins, where the gels were improved by using the insoluble 
fraction, while they become weaker using the soluble fraction of yacon. Oil did not 
disturb the myofibrillar gel formation, whereas carrot and parsnip did, and meat 
pieces and potato starch improved the gels substantially.  

With regard to the interaction between yacon and meat sarcoplasmic and 
myofibrillar proteins, the FOS nano-crystals interact with both types of meat 
proteins through surface forces. In the case of sarcoplasmic proteins, that lead to 
improved emulsifying behaviour, whereas a lowered gel formation was seen for the 
myofibrillar proteins. 
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Ultimately, sausages were produced where some of the fat content was substituted 
with dietary fibres of yacon. The quality of the products was as good as sausages 
produced with low starch and low-fat.  

The results of this PhD work can provide a model for the production of different 
types of meat products that could be enhanced with dietary fibres using yacon roots 
or similar crops. 
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Popular summary 

The food industry is always looking for new alternatives to improve the nutritional 
value of food products. Yacon, a root native to the central Andean countries in South 
America, is an underdeveloped crop with very interesting properties that is usually 
overlooked. These roots can generally be eaten raw like fruit pieces because of its 
refreshing and sweet flavour. In the past years, the cultivation of yacon has been 
steadily decreasing. There is a constant concern about the risk of completely losing 
the production of yacon in Bolivia. There is therefore an increased interest in studies 
that can provide knowledge about the beneficial properties and applications of yacon 
roots. 

One of the most interesting aspects of yacon root is the presence of a very unique 
type of glucides called fructans. Fructans are considered a source of dietary fibre and 
are also known to have prebiotic properties. Prebiotics are nondigestible food 
ingredients that can stimulate the growth and activity of beneficial bacteria in the 
large intestine improving the health of the host. Because of its composition and 
unique properties, yacon root has begun to be studied in various fields of the food 
science literature.    

The aim of this PhD work was to evaluate the potential of yacon root as a food 
ingredient in meat products. This will be achieved by investigating the different 
interactions of the soluble and insoluble fraction of yacon with some proteins of meat 
(sarcoplasmic and myofibrillar). Based on the understanding of these interactions, it 
will be possible to produce sausages enhanced with dietary fibre using yacon paste as 
a part of the ingredients. 

The results of this PhD work allow us to comprehend the behaviour of the different 
fractions of yacon in the presence of meat proteins. In the case of proteins soluble in 
water (sarcoplasmic proteins), the addition of the soluble fraction of yacon increases 
the emulsifying properties of these proteins when they are mixed with oil. In the case 
of the meat proteins insoluble in water (myofibrillar proteins), both yacon fractions 
have different effects in the gel formation of these proteins. The insoluble fraction 
of yacon helps to improve the myofibrillar gel, while the soluble fraction of yacon 
produces weaker gels.  
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Finally, the production of sausages with dietary fibre was achieved taking into 
consideration the previous interactions studied. The final product presents good 
qualities of texture, appearance and flavour. 
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General and specific objectives 

The main objective of this work was to study and evaluate the application of yacon 
roots as a potential food ingredient for meat products. There have been very few 
studies so far on how functional properties in meat products are influenced by the 
addition of yacon. The understanding of the different interactions between the 
sarcoplasmic and myofibrillar proteins of meat with varying components of yacon 
determines how yacon can be used as an ingredient in the meat industry.     

 

The specific objectives of this work were: 

 

To investigate the influence of convection drying on the physicochemical properties 
of yacon. Yacon roots have a short shelf life because of their high content of water. 
Convection drying presents an alternative method to preserve yacon, but it is 
important to study how the drying affects yacon properties (Paper I). 

 

To research the interaction of sarcoplasmic proteins of meat with 
fructooligosaccharides nano-crystals present in the soluble fraction of yacon and how 
this interaction influences the emulsifying properties of the sarcoplasmic proteins 
(Paper II). 

 

To study the interaction between myofibrillar proteins and the soluble and insoluble 
fraction of yacon and how these interactions affect the gelling ability of myofibrillar 
proteins. The influence of yacon on the gel network formation was compared with 
the effect of different types of ingredients used in meat products (Paper III and IV). 

 

To study the performance of yacon and its components (soluble and insoluble 
fraction) as ingredients for low-fat sausages, and how the incorporation of yacon 
influences the different properties of the final product (Paper V).  



9 

 

1 Introduction 

Nowadays, there is an increasing interest in the nutritional value of many food 
products. Different researchers are also focused on many aspects of the nutritional 
properties of foods.  

Dietary fibre intake is a field of research that has been studied for many years. The 
usual dietary fibre intake for a person per day should be around 20 to 35g but general 
daily intake is commonly not reached (Timm and Slavin, 2008; Marlett et al., 2002). 
There are many investigations interested in finding new alternatives or modifications 
of existing products to increase the consumption of dietary fibre using different 
vegetable sources. 

Dietary fibres are non-digestible carbohydrates from plants that are constituted of 
many polysaccharides such as cellulose, hemicellulose, pectin, lignins, and 
retrograded amylose, and also of special types of polysaccharides called fructans with 
different properties depending on the vegetable material. 

Another aspect to consider when selecting a novel plant material is the possibility to 
use a crop that is not yet usually commercialized but that has significantly interesting 
properties. One of these crops is yacon (Smallanthus sonchifolius), which is usually 
underutilized in the urban region of South America, but is more prominent in the 
rural areas. The scarce information about its nutritional value and the lack of 
applications in the food industry are factors that contribute to the underutilization 
of yacon tubers.  

Meat products are complex systems with many challenges. It is very easy to disturb 
the equilibrium inside a meat product. Usually when new ingredients or additives 
are added to the system, they can easily destroy the properties of meat products 
generating problems like water and fat loss. In order to test if the yacon could be a 
good additive for meat products, it is vital to study its interactions with the different 
proteins of meat individually, to gain a general idea about what the effect of the 
addition of yacon in the final product would be. Therefore, the core of this research 
will be to study the interaction of the different components of yacon with both 
sarcoplasmic and myofibrillar proteins from meat, and analyse the possibility of 
producing sausages enhanced with dietary fibre. 
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2 Background  

2.1 Dietary fibre 

Dietary fibre is commonly defined as the residues of plant material that cannot be 
hydrolysed by the digestive enzymes (Trowell et al., 1976). The usual dietary fibre 
intake for a person per day should be around 20 to 35g (Marlett et al., 2002). Dietary 
fibre has shown beneficial health effects such as the shortening of the bowel transit 
time, slowing glucose absorption, enhancing the immune properties and many 
others. This is why it is important to reach the recommended values of dietary fibre 
intake and therefore much research has been focused on the implementation of them 
in different products. 

Generally, the components of dietary fibre can be divided into insoluble dietary fibre 
constituted by the components of the cell wall (usually cellulose, hemicellulose, 
pectin, and lignin), and soluble dietary fibre (usually non-cellulosic carbohydrates 
pectin, gums, and mucilages) (Dreher, 2001). There are some plants that have a 
unique type of carbohydrate called fructans that is considered part of the soluble 
fraction of dietary fibre. 

2.1.1 Cellulose 

Cellulose is a polymer that plants produce and is the most abundant natural polymer. 
The degree of polymerisation (DP) of this hydrophilic polymer can reach as high as 
15000 units and it is only soluble in strong alkali.  

Cellulose has a linear structure composed of units of β-glucans linked together 
(Figure 1). The ability of cellulose to form internal hydrogen bonds is very important 
for their properties. These high amounts of hydrogen bonds are responsible for the 
creation of a rigid and linear shape structure, which give rise to the insoluble 
properties of cellulose (Taipale, 2010) 

The cellulose fibre is mixed with hemicellulose and lignin to produce what is called 
the lignocellulose matrix. In the matrix, lignin tends to expand, displacing water and 
creating a strong hydrophobic structure that gives rigidity to the structure of the cell 
wall by fixing the components in one place.   
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Figure 1. Chemical structure of cellulose (From Akil et al., 2011) 

2.1.2 Hemicellulose 

Hemicellulose are polymers of different monosaccharides. The main difference to 
cellulose is that hemicellulose includes mannose, galactose, xylose, arabinose and 
glucose (Fengel and Wegner, 1984). Some examples of hemicellulose are xylans, 
arabinoxylans, xyloglucans and others. Hemicellulose constitutes an important part 
of the cell walls of the plants (Heredia et al., 1995). 

2.1.3 Pectins 

Pectins are complex polysaccharides that are constituted of galacturonic acid, 
rhamnose, arabinose and galactose. The mains pectins present in cell walls are 
homogalacturonan, rhamnogalacturonan-I, rhamnogalacturonan-II, and substituted 
galacturonans (O´Neill et al., 1990). 

Homogalacturonan are pectins constituted of linear chains of galacturonic acid with 
1-4 bonds. These types of pectins could be acetylated depending on the plant source 
(Ishii, 1995). 

Rhamnogalacturonan-I (RG-I) are branched pectic polysaccharides that contain 
galacturonic acid, rhamnose and arabinose. The proportions of saccharides and the 
length of the chains formed differ by the plant source from which the pectin is 
extracted. 

Rhamnogalacturonan-II (RG-II) is a branched pectin that is different compared to 
RG-I and that is composed of mainly galacturonic acid unit instead of a combination 
of galacturonic acid and rhamnose (O´Neil et al., 1990).  
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Other substituted galacturonans can be found in specific numbers of plants for 
example xylogalacturonans are found in the cell walls of plant tissues of carrot or 
apple (Kikuchi et al., 1996). 

2.1.4 Fructans 

Fructans or fructooligosaccharides (FOS) are polysaccharides composed mainly by 
fructose. These carbohydrates can be branched or linear depending on the plant 
source; for example, dicotyledonous plants usually store linear fructans, while 
monocotyledonous more complex and branched fructans are stored (Vijin and 
Smeekens, 1999).  

FOS can be classified depending on the degree of polymerization: FOS with the 
degree of polymerization up to 10 are called short chained FOS, while those with a 
degree of polymerization of 10  62 are called long chained FOS or inulin. Both 
polymers are composed by 1,2 β -D-fructofuranoses. Usually, an α-glucose molecule 
is present at the end of the fructans chain.  

The most common plants that contain fructans are asparagus, garlic, onion, 
Jerusalem artichoke, chicory, and others. The main plant sources used to extract 
fructans especially inulin is from the family Compositae, which includes Jerusalem 
artichoke (Helianthus tuberosus) and chicory (Cichorium intybus). Fructans are 
considered to have prebiotic properties because they are classified as non-digestible 
foods. When fructans reach the colon, they beneficially stimulate the growth and 
activity of a limited number of bacteria in the bowel, and improves the health of the 
host (Gibson, 1995). 

The human intestinal microflora is composed by more than 400 species; Lactobacilli 
constitutes only 0.07-1% of the bowel bacteria population while Bifidobacteriae 
constitutes 25-30%. Some strains of bifidobacteriae and Lactobacilli are called 
probiotics and are important for human intestinal health (Mitsuoka, 1984). 
Probiotics are living microorganisms added to the diet that benefit the positive 
development of colon microbiota. The benefits of probiotics include the 
competition for nutrients with other, potentially dangerous, bacterias (bacteroids, 
Escherichia coli, and anaerobic cocci), and production of volatile fatty acids that 
provide metabolic energy, acidification of the bowel, and growth inhibition of many 
pathogens.   
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2.2 Meat 

Meat proteins are divided into three subgroups, namely sarcoplasmic proteins, 
connective tissue and myofibrillar proteins. An animal muscle consists of 
approximately 60 to 70% water, 10 to 20% protein, 3 to 22% of fat and 1% other 
substances based on the animal source and type of meat. The muscle fibre constitutes 
75-92% of the total volume and has a thread-like structure. These thick filaments 
are formed by the protein myosin and the thin filaments are formed by the protein 
actin. The surrounding fluid is called sarcoplasma and contains the sarcoplasmic 
proteins (Figure 2). The diameter of the myofibrils is about 1 µm and the length of 
the sarcomere, the smallest contractile unit in the meat, is about 2.2 µm. 

Collagen, elastin, and reticulin are insoluble fibrous proteins and belong to the 
connective tissue. Collagen is the major component of the connective tissue (up to 
95%) and constitutes about 10 - 15% of the total muscle proteins. In its fibrous 
form, collagen is relatively stretched, but with heat, it contracts and shrinks. After 
prolonged heating, collagen can be converted into soluble gelatine, which means that 
the α- chains in the tropocollagen molecule are solubilized (Tornberg, 2005).  

 

Figure 2. The structural build-up of the sarcomere, the thin and thick filaments (Adapted from Tornberg et al., 
1990). 
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2.2.1 Sarcoplasmic and myofibrillar proteins 

Sarcoplasmic proteins are water soluble proteins because of their solubility in water 
or at low salt concentration, and represent about 30 to 34% of the muscle protein.  

The sarcoplasmic fraction contains mostly enzymes and covers among 100 different 
proteins that control various significant functions of the tissue. Sarcoplasmic proteins 
aggregate on heating at between 40 and 60°C.  

Myofibrillar proteins constitute about 55% to 60% of the total muscle proteins. 
These proteins are soluble in concentrate salt solutions (above 0.6M). Myofibrillar 
proteins are formed of different proteins: myosin, actin, tropomyosin, troponin and 
actinin. They are the most functional proteins in processed meat products because 
myofibrillar proteins make gels on heating and can thereby improve the water-
holding properties of a meat products (Tornberg, 1997). 

2.3 Plant material 

2.3.1 Yacon 

Yacon (Smallanthus sonchifolius) is a plant native to the Andean region of South 
America that grows between 1000 to 3200 m above sea level (Fernandez, 1997). The 
tubers give rise to a sweet and crispy taste and can be consumed raw or boiled.  

Traditionally, yacon tubers and dried leaves are recommended to people suffering 
from diabetes, various digestive, and/or renal disorders. There have been studies 
about the health promoting properties of yacon such as the characterization of anti-
oxidant activity (Yan et al, 1999), the decrease in blood glucose levels, which can be 
attributed to the presence of fructo-oligosaccharides (Mayta, 2001), and as prebiotics 
by improving the intestinal microflora balance by promoting the growth of probiotic 
organisms. The FOS content in yacon can change between 24 and 35g/100 g yacon 
DM. In Figure 3, a light micrograph shows how the cells look like in the yacon 
suspension. The yacon suspension are constituted by large particles (cell clusters) and 
small particles (cell fragments) (Castro, 2013). 
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Figure 3. Micrograph of a yacon suspension. (Adapted from Castro, 2013) Scale bar: 600 µm. 

2.3.2 Parsnip 

Parsnip (Partinaca sativa) is native to Europe and Asia and belongs to the Apiaceae 
family. The roots are closely related to carrot and are white on the exterior. Before 
the arrival of potato to Europe, parsnip was one of the most common vegetables used 
as a starch source or to improve texture of food items. The benefits of parsnip 
include: improvement in the digestive and circulatory systems, diuretic properties, 
and prevention of cardiovascular diseases. Usually parsnip roots present a dietary 
fibre content of about 4 to 5% and a starch content of about 5% to 7% of the dry 
matter, respectively (Siddiqui, 1989).  

Figure 4 illustrates what the fibres look like in parsnip suspensions. Parsnip 
suspensions present large cell clusters of about 600 µm and single cells that are 
rounded (Castro, 2013).  

 

 

 

 

 

 

 

 

 

Figure 4. Micrograph of a parsnip suspension. (Adapted from Castro, 2013) Scale bar: 600 µm. 
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2.3.3 Carrot  

Carrot (Daucus carota) is a biennial plant with generally conical roots from 5 to 50cm 
in length. Carrots generally are orange, but there are also varieties with white, black, 
yellow, red and purple roots (Bradeen et al, 2007). 

Carrots can be found in Europe, Asia, Africa, and America. They usually grow in 
temperate climates but can also grow in tropical regions (Stolarczyk and Janick, 
2011). Carrots are a great source of glucide and minerals (Ca, P, Fe and Mg) but 
also a source of carotenoids. Carrots have from 55 mg/100g of carotenoids (Simon 
and Wolff, 1987), which may be precursors of vitamin A.  Figure 5 illustrates what 
carrot suspensions look like. 

 

 

 

 

 

 

 

 

Figure 5. Micrograph of a carrot suspension. (Adapted from Bengtsson, 2009) Scale bar: 300 µm. 

The suspension of carrot consists of small cells that are arranged in large clusters that 
are firmly hold together (Tornberg, 2017). 

2.3.4 Potato starch 

Potatoes were introduced into Europe by the Spanish expeditions to Peru since 1532 
until 1560. Due to their easy storage and transportation, potatoes are now widely 
disseminated around the world. Potato is considered a great nutritive food with a 
high content of carbohydrates mainly starches.  

In the food industry, potato starch is added to products as water binders to (Luallen, 
2004). The main reason for the use of potato starch is because it is easily isolated 
from the tubers and is thus one of the purest sources of commercial starch.  
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The starch from potato is formed of a mix of two polysaccharides: amylose and 
amylopectin. Amylose is a linear polymer of glucose units with 1-4 bonds. On the 
other hand, amylopectin is a branched polymer of glucose units. The glucose units 
in amylopectin are connected with 1-4 bonds and the branches are connected with 
1-6 bonds (Jane, 2004). 

 
Figure 6: Micrographs of the swelling of potato starch in myofibrillar gels (Paper III) 

Figure 6 shows the swelling of the starch granule of potato in the presence of water 
when heat is applied. During heating, the granules of starch absorb the water of the 
surroundings and start to grow which is refer as swelling. The swelling of starch keeps 
the water inside the granules producing thickening. The swelling reach its maximum 
at temperatures around 75°C and further heating destroy the granule of starch 
(Waterschoot, 2016). 

2.4 Processing 

2.4.1 Drying 

Drying is one of the best common methods of food processing to increase the shelf 
life of foods. However, a potential drawback of drying is a loss of solubility leading 
to reduced functionality due to irreversible changes (Fernandes et al., 2010). During 
drying, there is a removal of water up to a level in which all chemical reactions and 
microbial activity are minimized.  
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There are many types of drying processes that can be applied. One of the most 
frequent drying methods used is convection drying. Convection drying removes the 
water using a flow of heated air that makes contact with the surface of food product 
(Figure 7). 

Figure 7. Schematic sketch of the dryer set-up for the convection drying of yacon paste (From Paper I). 

Normally fruits and vegetables that are dried causes different levels of important 
nutrients and vitamin loss. These losses are influenced by the drying conditions such 
as air temperature and flow rate and the time of drying applied.   

The drying rate and the extent of drying can be followed by measuring the free 
moisture representing the amount of moisture present in the void spaces of the 
sample and is represented by the eq. (1): 

𝑋𝑎𝑞 =
𝑚𝑎𝑞

𝑚𝑠
   (1) 

Where maq in the sample is the amount of water remaining after drying for a certain 
time, and mS represents the total solids in the sample that can be found using the 
dry matter of the non-dried yacon. 

2.4.2 Emulsification 

Emulsions are heterogeneous systems in which two immiscible liquids are combined. 
In an emulsion, the disperse phase (liquid droplets), is distributed in the continuous 
phase together with an emulsifying agent that facilitate the emulsion formation and 
stabilizes the emulsion. Emulsions are important for several food types (e.g. 
mayonnaise, desserts). 

The emulsifier reduces the interfacial tension of the droplets, which makes easier to 
break them and produces small droplets. The breakdown of emulsions usually occurs 
in long-term storage and is due to many factors: the particle size distribution and the 
density difference between the dispersed and continuous phase; the magnitude of 
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the attraction and repulsion forces; phase inversion; the stability of the liquid film 
between the droplets.  

Interfacial activity is a very important property to keep the emulsion as fine droplets. 
Proteins usually serve as surface active agents for oil-in-water emulsion. The 
adsorption of proteins happens very quickly and the process is irreversible. The 
concentration of protein plays an important role for the formation of emulsion. This 
is because proteins can easily spread in the surface of the oil droplets when there are 
few of them.  

The hydrophobicity of the proteins can also play an important role in the formation 
of emulsions. More hydrophobic proteins can easily arrange in the interface. Thus, 
the performance of a protein as an emulsifier is bound to many factors with different 
degrees of impact (Tornberg, 1997)   

2.4.3 Gel formation 

The gelling capacity of proteins is a significant property for food manufacturing. The 
food industry applies different proteins in order to produce different types of gel 
products. Our interest focuses on the gels produced with meat proteins.  

Gels are produced after the denaturation of the proteins. Denaturation describes the 
changes in the conformational structure of proteins when heat is applied. After the 
structural changes happened, protein-protein interactions occurred leading to the 
aggregation of proteins (Tornberg, 2005). This aggregation leads to the formation 
of a three-dimensional protein network a gel. Inside the network, the protein 
network keeps any liquid from flowing away, while the liquid trapped prevents the 
collapse of the protein network. The rheological properties of the different gels 
produced can differ and is governed by the structure of the three-dimensional 
network of the proteins (Zayas, 1997). The mechanism of gel formation changes 
based on the type of protein-protein interactions and protein-water interactions 
(Schmidt, 1981).  

Sarcoplasmic proteins aggregate at between 40 and 60 °C and can create a gel in 
between the structural meat elements in the whole meat as suggested by Tornberg, 
(2005). Heating causes the myofibrillar proteins to increase their hydrophobicity 
from 40 °C that will cause the myosin heads to aggregate and these protein-protein 
interactions will produce the typical gel network of aggregates (Tornberg, 2005). 
The denaturation changes that occurs when meat proteins are heated can be followed 
in Figure 8 using differential scanning calorimetry (DSC). 
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Figure 8. A typical DSC curve of muscle is composed of three major zones: A, Myosin; B, Sarcoplasmic proteins 
and collagen, and C, Actin (Adapted from Findlay et al., 1989). 

The first change (A) occurs between 54 and 58 °C and it is produced by the myosin. 
The second change (B) occurs between 65 and 67 °C and is referred to as the 
denaturation of the collagen and the sarcoplasmic proteins. The last curve (C) is 
attributed to the denaturation of actin and happens between 80 and 83 °C (Wright 
et al., 1977).  

 

Fig. 9. The mechanism of gel formation of myosin on heating (Adapted from Sharp & Offer, 1992) 
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Figure 10. Different types of gel formation on heating of globular proteins with varying degree of aggregation. 
Adapted from Hermansson (1982). 

The gel formation of myosin happens in two separate temperature ranges when 
heating. The first step happens between 30 and 50 °C with the aggregation of the 
globular heads of myosin, followed by the formation of massive aggregates at 
temperatures above 50 °C (Figure 9). The second step produce changes in the helix 
structure of myosin creating the gel network between aggregates of myosin (Offer 
and Knight, 1988).    

Figure 10 illustrates the formation of the gel network of globular proteins and how 
the gel structure and water holding of the network varies with different degrees of 
protein aggregation. The less aggregated the proteins are before gelation the finer the 
network produced and thus the retention of water (Hermansson, 1982). 
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2.4.4 Sausage production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Factors affecting protein gelation in a sausage batter (Tornberg,1997) 

 

Sausage production was originally created as an alternative to preserve and transport 

means preserve by salting. Nowadays, sausages have gained popularity that has led 
to the creation of many different variations in ingredients and manufacturing. 

The different types of sausages can be separated into five main categories: Fresh 
sausage, cooked sausage, fermented sausages, smoked process sausage and emulsion-
type sausage. 

Figure 11 provides an overview of all the different factors that can influence in the 
protein gelation of sausages. There are many possible ways to influence the formation 
of the gel network which is very important to consider if we want to introduce yacon 
as a possible ingredient. The factors that will be focused in this study are the amount 
and form of insoluble compounds of such as yacon, carrot, parsnip, oil droplets and 
pieces of insoluble meat. 
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2.5 The role of the fibers in meat products 

One of the latest trends in food technology is the addition of fibre to many types of 
products, for example meat products to increase the healthy benefits and also for 
technical reasons. It has been seen that, in the case of meat products, the use of fibre 
can help to prevent losses of water and decrease the losses during cooking. The 
addition of dietary fibre has the potential to substitute the fat in the sausages, which 
enhances the perceived juiciness, thereby lowering the calorie intake (Mansour and 
Khalil, 1999). Much of the research has focused on the use of different sources of 
dietary fibre to create new and innovative meat products.   

Dietary fibre from cereals has been tested as an additive in sausages. Another 
important source of fibre is rye-bran which has been applied to products like low-fat 
sausages. Rye bran previously treated in water demonstrates the ability to improve 
the frying losses and firmness of sausages (Petersson et al., 2014). 

Not only is there research using the whole dietary fibre but also using different 
components of the dietary fibre.  Dos Santos (2012) worked with 
fructooligosaccharides (FOS) applied to fermented cooked sausages with low fat. He 
demonstrated that the addition of FOS can compensate the fat and the sensory 
quality of the sausages were kept intact.   

There are an increasing number of studies using different types of dietary fibre from 
different sources in meat products. But there are still so many opportunities to 
increase knowledge about the application of dietary fibre in meat products. 
Therefore, this work will focus on the use of yacon roots and their soluble and 
insoluble fraction as an additive for low-fat sausages. Furthermore, there will also be 
a study of the possible interactions that can happen between the meat proteins and 
the different fractions of yacon and how these interactions influence the potential 
use of yacon in meat products. 
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3 Methodology 

Drying of yacon (Paper I) 

Preparation of yacon paste 

The roots were washed, peeled and cut into small pieces and minced in a blender to 
obtain a yacon paste. Ascorbic acid was added and stored at -20°C. To perform the 
experiments the yacon sample was thawed at room temperature. 

Drying methodology 

Samples of 100 g of yacon paste were put into a convective drying tunnel oven. Six 
different experiments were carried out for three yacon samples: four at different 
temperatures (45°C, 50°C, 55°C, 60°C) with an air velocity of 2m/s and two 
experiments with a temperature of 60°C using different air velocities (3 m/s, 4m/s). 

During each drying procedure, the weight of the sample was recorded every minute 
until the end of the drying process.  

Characterization of the dried samples of the yacon 

One gram of the different dried materials was put in a vacuum oven at 70°C for 16 
hours to obtain the dry matter of the dried samples. The water activity was measured 
using a water activity meter (Aqua Lab series 3).   

The colour of the dried material was measured using a colorimeter (Chromameter 
CR-400, Konica Minolta).  

Particle size distribution of the dried and reconstituted samples 

The particle size distribution (PSD) of the different samples was measured using a 
laser diffraction analyser (Malvern Mastersizer Hydro 2000 SM) in the 0.1-
interval.  
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Rheological properties of the yacon paste 

A controlled-stress rheometer (Malvern Kinexus Pro) equipped with a four-blade 
vane geometry (d = 21mm, height = 45mm) giving a gap of 3 mm was used to 
perform the sinusoidal oscillatory tests. The linear viscoelastic region, defined as the 
initial linear part (LVR) when applying a stress sweep test from 0.02 to 100 Pa at 1 
Hz at 20oC was determined.  

Determination of inulin-type fructans content in the yacon paste 

The content of inulin-type fructans in the yacon paste was determined by applying 
an enzymatic method described by Steegmans et al. [13]. The total content of inulin-
type fructans is expressed as g inulin-type fructans/100 g dry matter.  

Emulsification (Paper II) 

Extraction of sarcoplasmic proteins (SP) from raw meat and yacon soluble 
fraction from yacon 

A 0.15 M NaCl solution was prepared and it will be referred as the extracting 

solution. 100 g of meat was trimmed of external fat, and then 70 g of muscle 

tissue was grounded and homogenized for 30sec, in presence of 700 mL of the 

extracting solution.  

After the homogenization, the suspension was filtered to remove the connective 

tissue and centrifuged at 1000×g for 10 min. The supernatant (sarcoplasmic 

fraction) was collected separately, while the pellet was re-suspended in 300 mL 

NaCl 0.15 M and centrifuged again at 1000×g for 10 min.  

Water-soluble fraction was obtained by centrifuging 100 g of yacon paste at 3000xg 
for 10 min (Allegria X-15R, Beckman Coulter, United States). The supernatant was 
collected separately and this solution constituted of the water-soluble fraction of 
yacon (SF). The pellet consisted mostly of the water-insoluble fraction. 

Preparation of mixed solutions of SP and SF  

Different mixed solutions were prepared based on a total volume of 40 mL. The 
different concentrations are: 50%SP - 50%SF, 70%SP - 30%SF, and 85%SP - 
15%SF.  
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Preparation of oil in water emulsions using sarcoplasmic solutions and the 
combined solutions of SP and SF as emulsifiers 

Emulsions of the total volume of 20 mL (v/v) were prepared by adding 20% v/v of 
rapeseed oil to the sarcoplasmic solution and the three combined solutions of SP and 
SF. Emulsification was achieved by using Ultra Turrax (Ystral, Belgius Trading AB, 
Germany) for 30 sec at 22000 rpm.  

Determination of pH, electroconductivity, protein content, FOS content, 

particle size distribution and light microscopy of the suspensions and 
emulsions. 

The pH of all the solutions and emulsions was measured with a PHM210 pH-meter 
(MeterLab, France). 

The electroconductivity of all solutions and emulsions was measured in milli 
Siemens (mS) using a calibrated conductivity meter (Orion Model 150) at 20°C. 

The protein content of the solutions and emulsions was determined by using the 
Protein and Nitrogen Analyzer Flash EA1112 (Eager 300 software). In the case of 
the emulsions, the protein content of the emulsion was measured and then the 
emulsion is separated into the creamed phase of oil droplets and water phase using 
centrifugation at 1000xg to measure the protein content of the water phase. The 
protein adsorbed on the oil phase is calculated by subtracting the protein content in 
the water phase from the total protein content of emulsion.  

The content of inulin-type fructans in the soluble fraction and the mixed solutions 
and emulsions was determined by applying an enzymatic method described by 
Steegmans et al. (2004). The total content of inulin-type fructans is expressed as g 
inulin-type fructans/100 g dry matter. In the case of the emulsions, the FOS content 
of the emulsion was measured and then the emulsion is separated into the creamed 
phase of oil droplets and water phase using centrifugation at 1000xg to measure the 
FOS content of the water phase. The FOS absorbed on the oil phase was measured 
by subtracting the FOS content in the water phase from the total FOS content in 
the emulsion.  

The particle size analysis and the light microscopy were performed on the different 
solutions (sarcoplasmic solution, soluble fraction of yacon and the combined 
solutions) and the emulsions. In order to measure the particle size distribution (PSD) 
of the samples a laser diffraction analyzer was used (Hydro 2000SM, Mastersizer 
2000, Malvern Instruments Co. Ltd. Worcestershire, United Kingdom).  

The solutions and the emulsions were observed by light microscopy (Olympus BX 
50F4, Japan). Each sample was examined individually and photographs were taken 
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from different areas of each slide by using a digital camera (DFK 4AF02, Imaging 
source, Germany), together with the software ImageJ.  

Gel formation (Paper III and IV) 

Extraction of myofibrillar proteins and characterization of the myofibrillar 
dispersion at different salt concentrations.  

A 0.15 M NaCl solution was prepared. 100 g of meat was trimmed of external fat 
and connective tissue, and then 70 g of muscle tissue was grounded and 
homogenized for 30 sec, in presence of 700 mL of the 0.15 M NaCl solution, using 
the Omni mixer. The suspension was filtered through a sieve and centrifuged at 
1000×g for 10 min. The supernatant (sarcoplasmic fraction) was discarded, while 
the myofibrillar fraction was collected (the pellet). Then, the myofibrillar fraction is 
divided into three equal parts. Three solution of NaCl at different concentrations 
(0.15M, 0.4M, 0.8M) were prepared and added into each myofibrillar fraction part, 
respectively.  

The pH of the samples was measured with a PHM210 pH-meter (MeterLab, 
France). The electroconductivity of the samples was measured using a calibrated 
conductivity meter (Orion Model 150) at 20°C. 

The protein content of the total fraction of myofibrillar solutions at different 
concentrations of NaCl and protein was determined by using the Protein and 
Nitrogen Analyzer Flash EA1112 (Eager 300 software). The measured amount of 
total Nitrogen content was multiplied by 6.25 (standard conversion factor).  

The particle size analysis was performed on the myofibrillar dispersions at different 
salt concentrations using a laser diffraction analyzer was used (Hydro 2000SM, 
Mastersizer 2000, Malvern Instruments Co. Ltd. Worcestershire, United Kingdom). 
The continuous phase used in each measurement was kept at the same pH and 
electroconductivity as the original sample for each sample measured.  

Gel formation of myofibrillar proteins with different ingredients 

Gels of myofibrillar proteins with different protein contents at 0.8 M NaCl were 
prepared by using 30 mL of myofibrillar solution in falcon tubes of 50 mL. They 
were heated up at 72ºC for 17 minutes in a water bath.  

New gels were prepared by combining myofibrillar proteins (MP) and the different 
ingredients at varying proportions to a total amount of 30 mL.  
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The concentration of the different ingredients was 5%, 10%, 20% and 30% for oil, 
whole yacon, yacon soluble fraction, yacon insoluble fraction, carrot, parsnip and 
meat pieces, and also 3%, 4%, 5% and 10% for potato starch. 

Gels strength, light microscopy and water holding capacity (WHC) of the 
gels. 

The gel strength was determined by measuring the force per area generated in all the 
gels formed in the falcon tubes of 50 mL by using a penetrometer (TA XT2i Texture 
Analyzer Stable Microsystem). The trigger force, speed and distance were set to 5 g, 
1 mm/s and 10 mm, respectively, and a cylinder probe was used (7 mm diameter, 
11 cm 
begins when the already set trigger force is reached. Directly after, the probe 
penetrates the gel to a target depth of 10 mm at a speed of 1 mm/s, and then retracts. 
The peak force (hardness of the gels) is obtained from the Exponent Stable 
Microsystem software (version 5.0.9.0). In order to calculate the force per area, the 
peak force was divided by the area of the probe used and the value obtained is the 
gel strength expressed in Pascal (Pa). 

The gels were observed by light microscopy (Olympus BX 50F4, Japan). A small 
piece of the gel samples was smeared out on the slide and examined individually. 
Micrographs were taken from varying areas of the slides of the different samples by 
using a digital camera (DFK 4AF02, Imaging source, Germany), together with the 
software ImageJ. 

The water holding capacity (WHC) was determined by measuring the excess water 
that is not part of the gel suspensions (without centrifugation) through weighing. 
The WHC was determined as:  

𝑊𝐻𝐶(%) =
𝑇𝑜𝑡𝑎𝑙 𝑔 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝑔 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑔 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
∗ 100 

Sausage preparation 

Meat and yacon for sausage preparation 

The meat for the preparation of the sausages was obtained from Atria AB (Sweden). 
There are 4 different types of minced meat: low-fat pork (10% fat), high-fat pork 
(20% fat), low-fat beef (10% fat), high-fat beef (20% fat) according to the 
specifications given by the suppliers.  
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Yacon samples were prepared by turning the roots into a paste (see Paper I) and 
adjusted to a pH of 5.5 before being used for the sausage preparation. In order to 
obtain the water insoluble and soluble fraction of yacon, yacon paste is centrifuged 
at 3000xg for 10 min. The supernatant constituted the water-soluble fraction of 
yacon (WSF) and the pellet constituted the water-insoluble fraction (WIF).  

Preparation of sausages 

The water and protein content of all the ingredients used for sausage preparation 
were measured in advance. 

For our research, the W/P ratio used was around 8.4 and the proportion of the 
different ingredients using this W/P ratio are shown in Table 1. 

Table 1. Composition (g/100g of batter) of each different recipe of sausages 

 
Ref. 1 

(HFHS) 

Ref. 2 

(HFLS) 

Ref. 3 

(LFHS) 

Ref. 4 

(LFLS) 

Whole 

Yacon 

Yacon 

WIF 

Yacon 

WSF 

Water / Ice (50/50 %) 34 35 42 43 22 22 12 

Pork 20% fat 28 29 - - - - - 

Pork 10% fat - - 24 25 24 24 24 

Beef 20% fat 28 29 - - - - - 

Beef 10% fat - - 24 25 24 24 24 

Potato starch 8 4 8 4 4 4 4 

Spices and others* 2.6 2.6 2.6 2.6 2.6 2.6 2.6 

Yacon - - - - 22 - - 

Yacon WIF - - - - - 23 - 

Yacon WSF - - - - - - 33 

Fiber content - - - - 1 1 1 

W/P ratio 8.4 8.4 8.4 8.4 8.4 8.5 8.5 

Fat content 11.8 12.2 5.1 5.3 5.1 5.1 5.1 

Spice and other*: black pepper (0.1%), nitrite salt (0.72%), salt (1.3%), ascorbic acid (0.02%), polyphosphate 
(0.15%).   

Ref 1 = high fat, high starch, Ref 2 = high fat, low starch, Ref 3 = low fat, high starch, Ref 4 = low fat, low starch,  

Four control samples were used: two with pork and beef with high fat content of 
20%  each and 8% potato starch (Ref 1, High Fat High Starch, HFHS) and 4% 
potato starch (Ref 2, High Fat Low Starch, HFLS), respectively, another two with 
pork and beef with fat content around 10% each and 8% (Ref 3, Low Fat High 
Starch, LFHS) and 4% potato starch (Ref 4, Low Fat Low Starch, LFLS), 
respectively.  
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All these ingredients were weighed to reach in total 100g of batter.  The dry 
ingredients and half the meat and half the water/ice were mixed in a food processor 
(Braun, Model 3210, Germany) at the highest speed for 15 seconds before adding 
the rest of water/ice and then mixed until 1 minute was reached. After 1 minute, the 
rest of the meat was added and mixed for 4 minutes to a total of 5 minutes. The 
temperature of the batter was measured to check that it did not go above 12°C. 
Thereafter the batter was put in the fridge for 30 minutes.  

After 30 minutes, the batter was carefully put in 12 plastic tubes (weighed empty) 
taking care that there was no presence of air bubbles. The plastic tubes were weighed 
and put into a water bath of 55°C. After the temperature in the middle of the 
sausages measured with a digital thermometer (thermocouples, VWR, Model 
82021-168) had reached 50°C, the temperature of the water bath was increased until 
the temperature in the middle of the sausages was 75°C. Finally, the sausages were 
stored in a refrigerator until cooled and any excess liquid was poured out. The 
sausages were dried with a paper and were weighed again. Finally, the sausages were 
put in the fridge (4°C) until used for sensory and texture analysis. 

Determination of process, frying loss and texture of the sausages  

Process loss of the sausages was calculated by the weight difference of the sausages in 
the plastic tube before and after heating and expressed as the percentage of the initial 
weight. The process loss was measured in triplicate. 

For the frying loss, slices of 1 cm of the different sausages were fried for 2 minutes 
on each side using a frying pan preheated to 174°C, until the temperature of the 
middle of the sausages was about 72°C measured with a digital thermometer 
(thermocouples, VWR, Model 82021-168) and then left to cool at room 
temperature. The frying loss was obtained by measuring the weight of the slices of 
the sausages before and after frying and it was expressed as percentage of the initial 
weight. The frying loss was measured in triplicate.   

Texture measurements were performed on 1 cm slices of the cooked sausages using 
a Texture Analyzer (Model TA-XT2i, Stable Micro System, Godalming, England) 
equipped with 5 kg load cell and a cylindrical probe with a diameter of 36 mm. The 
firmness was measured as the peak force (N) required to compress the sample by 
50% at a speed of 1mm/s. Four replicates were tested from each type of sausage.  

Sensory analysis  

Before the sensory analysis, sausages were cut in slices with a double knife. Each slice 
measured 1cm in thickness. Then, the slices were fried in a preheated pan (175°C) 
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placed on the stove, for 2 minutes on each side. Slices were cooled to room 
temperature (23°C) before serving on a white paper plate.  

The sensory analysis was carried out on the fried sausages with an untrained panel 
consisting of men and women aged from 22 to 58 years old. The panel consisted of 
10 people from outside the laboratory. Five attributes of the sausages were evaluated 
on a scale from 1 to 9 with regard to likeness: colour, crumbliness in the mouth, 
meat taste intensity, compactness and total impression.  
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4 Results 

4.1 Drying of yacon (Paper I) 

In order to increase the shelf life of yacon tubers, convection drying was used and 
the effects of the drying conditions on the physicochemical properties of yacon 
samples were investigated. 

4.1.1 Drying procedure 

The yacon sample was dried in a convection oven. The average drying times of yacon 
using the different drying conditions (45, 50, 55, and 60 °C and 2, 3, 4 m/s) are 
shown in Figure 12. The time necessary to dry the sample decreased when the air 
temperature and velocity increased. Usually it is preferable to have rapid drying in 
order to produce an optimal preservation of the material properties. The air velocity 
reduced the drying time, but its effect is less significant than temperature. 

 

Figure 12. Drying time at the different drying conditions (Paper I) 
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4.1.2 Characterization of the dried samples 

Normally a drying procedure is considered finished when the humidity in the sample 
reaches less than 10%. In our case, the dry matter of the dried yacon samples are 
about 92g/100g. Also, the water activity, aw, obtained was low enough to secure a 
good preservation of the dried samples (aw he samples after the drying is 
finished can be observed in Figure 13. 

Figure 13. Pictures of yacon samples: a) before drying; b) after drying at 45oC, 2m/s; c) after drying at 50oC, 2m/s; 
d) after drying at 55oC, 2m/s; e) after drying at 60oC, 2m/s; f) after drying at 60oC, 3m/s; g) after drying at 60oC, 4m/s 

 

The change of colour might be produced by oxidation, Maillard reaction, and 
caramelization reactions resulting in the formation of colored substances induced by 
the high temperatures. Although the air velocity does not seem to influence the 
change in colour, there is an indirect effect because of the reduction of the drying 
time.  

4.1.3 Characterization of the reconstituted yacon 

The reconstituted yacon was analyzed and compared to yacon samples before drying. 

The drying conditions produced some loss in the amount of water insoluble fraction 
(Paper I). The water-insoluble fraction (WIF) and elastic modulus of the yacon paste 
registered with dynamic oscillation measurements changed similarly with the drying 
conditions. The drying temperature did not have a significant influence on the 
rheological behaviour, however, the drying temperature significantly lowered the  
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Figure 14. The elastic modulus (Pa) of the reconstituted yacón paste as a function of the drying temperature and 
air speed 

 

WIF. Thus, the loss in the rheological properties is indirectly influenced by the 
decrease of WIF produced by higher drying temperatures. 

Figure 14 shows the elastic modulus after different drying conditions followed by 
resuspension of the sample, where yacon samples at 60OC and 2m/s had the lowest 
value of elastic modulus, but by increasing the air velocity the elastic modulus 
increased again up to the highest level of all the dried samples 

The drying produced some losses in the physicochemical properties of yacon, but 
this effect can be reduced if the conditions are optimized to minimize the time over 
which the sample is drying. This is achieved by drying at higher temperatures but 
using higher air speeds.  
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4.2 Emulsification of meat proteins and yacon soluble 

solids (Paper II) 

4.2.1 Emulsions of myofibrillar and sarcoplasmic proteins 

Emulsion of myofibrillar proteins with different levels of oil (5%, 10%, 20% and 
30%) were analyzed using particle size distribution of the oil droplets expressed as 
the surface-weighted mean (d32)) and the volume-weighted mean (d43) obtained from 
laser light diffraction measurements and light micrographs (Paper III).  

The smallest oil droplets (d32) did not seem to change in response to oil 
concentration. On the other hand, the largest oil droplets (d43) decreased from 107 
to 56-65 µm as the addition of rapeseed oil increased up to 20-30% (Figure 15). 

Usually oil droplets enlarge the more that oil is added to an emulsion, because the 
probability of the oil droplets hitting each other increases. Another possibility is that 
the viscosity of the emulsion increases with the oil content and then the droplets are 
not so movable decreasing the probability of hitting each other. Myofibrillar proteins 
seem to belong to the latter phenomenon when they work as emulsifiers.  

 

Figure 15. Influence of the addition of oil on the values of the volume-weighted oil droplet size (d43) 
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Figure 16. Micrographs of the emulsions produced using 20% oil and a) myofibrillar protein, b) sarcoplasmic protein  

In figure 16, the micrographs of the emulsions of myofibrillar and sarcoplasmic 
proteins used as emulsifiers at an oil concentration of 20% can be compared. The 
droplets of the sarcoplasmic emulsions seem to be more flocculated, which affects 
the stability of the emulsion, producing usually creamed more than those emulsions 
stabilised by myofibrillar proteins.  

The properties of the emulsions using only sarcoplasmic protein (SP) were analyzed 
(Paper II). The values of the particle size distribution of the oil droplets is between 
8.5 - 13.4 µm for d32 and between 47.7 - 98.3 µm for d43. 

The protein load of the emulsions is in the range of 154 - 238 mg/m2 fat, which is 
relatively high suggesting that large aggregates of the sarcoplasmic proteins had been 
adsorbed at the oil interface. For easily spread proteins at the interface, the protein 
load should be below 10 mg/m2fat according to Tornberg (1997). 

4.2.2 Emulsions of myofibrillar proteins and yacon soluble fraction 

The interaction between sarcoplasmic proteins and yacon were studied resulting in 
the formation of aggregates between the sarcoplasmic proteins and the FOS nano-
crystals in the soluble fraction of yacon. It is interesting to study whether the addition 
of yacon soluble fraction has any influence in the emulsifying properties of the 
sarcoplasmic proteins. The water-soluble fractions of yacon (WSF) is not able to 
form emulsions or foams because they are not surface active. However, they interact 
with the sarcoplasmic proteins (SP), which in turn can influence the emulsifying 
properties of the protein. For that purpose, emulsions were prepared using 20% 
addition of oil and different mixed solutions with yacon soluble fraction (SF) 
containing 50 % SP-50 % SF, 70 % SP-30 %SF and 85 % SP-15 %SF, respectively. 
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Figure 18. Micrographs of the emulsions made with 20 % oil: a) 100 % SP b) 85 % SP c) 70 % SP, d)50 % SP. 

The properties of these emulsions were analyzed to see if there was any change 
compared to the emulsions with only sarcoplasmic protein (Paper II). 

Figure 18 displays the different oil droplets seen in the light microscope with the 
different type of mixed solutions of SP and FOS. The smallest oil droplets are 
obtained using a mixed solution of 70% sarcoplasmic protein and 30% FOS. 

In the case of 50 % SP, the protein and FOS adsorbed at the surface of the oil 
droplets is approximately 27 % and 74 %, respectively. The particle size distribution 
of the oil droplets (d32 and d43) were similar to the emulsions prepared by only using 
sarcoplasmic proteins. Similar size of oil droplets can be obtained using less protein 
by adding FOS to the sarcoplasmic solution. 

In the case of 70% SP, the protein and FOS absorbed on the surface of the oil 
droplets is approximately 65 % and 39 %, respectively. The size of the oil droplets 
formed was substantially smaller (d32 and d43) at this combination.  

In the case of 85 % SP, the protein and FOS adsorbed on the surface of the oil 
droplets is around 77 % and 50 %, respectively. The size of the formed oil droplets 
was larger (d32 and d43) than in the 70 % SP emulsions but they were still smaller in 
comparison to only sarcoplasmic protein stabilised emulsions. 

The results obtained using yacon soluble fraction indicate that it is possible to reduce 
the droplet size of the emulsion by adding fructo-oligosaccharide crystals to 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

50µm 50µm

50µm 50µm

a) b) 

c) d) 



38 

 

sarcoplasmic proteins. Perhaps due to the fact that FOS are in the form of small 
crystals in the nano-range, very large surfaces are formed and therefore there is a 
driving force for the proteins, being surface active, to be adsorbed at this large surface 
and form aggregates between FOS and the proteins 

 

Figure 19. d43 of the different emulsions as a function of the different combination of SP and SF 

 

The smallest size of oil droplets (d43) is obtained with the solution of 70%SP-30%SF 
(Figure 19). However, at the lowest concentration using 50%SP-50%SF the oil 
droplets size increases again. This can be due to the fact that the amount of protein 
adsorbed on to the surface is too little (only 27% compared to 77 and 65% for the 
other two mixes) to cover the interphase efficiently and recoalescence increases 
during emulsification. 

The aggregates that are formed when sarcoplasmic proteins interact with FOS nano-
crystals seem to help to spread the protein at the oil interface producing lower protein 
loads (Figure 20), which suggests that the FOS-SP aggregates are more loosely held 
together than SP aggregates. The advantage of greater spreading at the interface of 
the protein with regard to emulsifying capacity is that recoalescence is more hindered 
during emulsification thereby achieving smaller oil droplets. However, at the lowest 
amount of protein used in the mix (50 %SP-50 %SF) the absorbed amount of 
protein is too little to cover the oil interface efficiently enough to stabilise it as 
suggested above. 
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Figure 20. Protein load of the different emulsions as a function of the different combination of SP and SF 
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4.3 Gel formation of meat proteins and yacon samples 

(Paper III and IV) 

4.3.1 Properties of gels of myofibrillar protein (MP) 

Gels of only myofibrillar proteins were prepared using a range from 1.3 to 7.2 % of 
protein content. For every prepared gel, the gel strength and the water holding 
capacity (WHC) were measured. The water protein ratio (W/P ratio) was calculated 
based on the total water and protein contents for each gel (Paper III). The gel 
strength corrected is that which is corrected by the water holding capacity. The 
relation between both the gel strength corrected and the water holding capacity with 
the water/protein ratio of the myofibrillar gels can be seen in Figure 21 A and B, 
respectively. The gel strength reaches a plateau value of around 2,000 Pa at a protein 
content of 2 (W/P ratio = 47). Figure 21 C shows a representation of the formation 
of the gel network before reaching a W/P ratio of 47. At higher W/P ratio, the gel 
network is disrupted represented by Figure 21 D. 

Both of these relations are the base for future calculations to estimate the gel strength 
and water holding capacity of the gels using only myofibrillar proteins and compare 
it with gels of myofibrillar proteins mixed with different ingredients and compared 
at the same water/protein ratio. 

 

Figure 21. A. Gel strength corrected vs water/protein ratio. B. WHC vs water/protein ratio, C. Formation of gel 
network (W/P ≤ 45), D. Disruption of the gel network (W/P ≥ 45)  
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4.3.2 Yacon at different pH  

Because pH is fundamental in the formation of gels of myofibrillar proteins, it is 
important to understand the effects of pH on yacon before combining with 
myofibrillar proteins. For that purpose, particle size distribution of the insoluble 
parts of yacon at three different pH (3.9, 5.5 and 9) was analyzed (Figure 22).  

The results showed that as the pH increases, the number of particles around the size 
of 1 µm decreases and larger particles (100-1000 µm) started to form. Castro (2013) 
demonstrated aggregation behaviour in yacon particles, but there are no studies on 
aggregation of yacon with the change of pH similar to the results obtained for the 
particle size distribution.  

 
Figure 22. Particle size distribution of whole yacon at different pH (3.9, 5 and 9) 

4.3.3 Gels of myofibrillar proteins (MP) adding different ingredients 

Gels were prepared using a mixture of myofibrillar proteins and other ingredients 
such as yacon, carrots, parsnip pastes, oil and meat, in concentrations of 5%, 10%, 
20% and 30% (w/v). Potato starch was also used in concentrations of 3%, 4%, 5% 
and 10% (w/v). The gel strength and water holding capacity of all these gels were 
measured and analyzed (Paper III). 

When the oil is added, the addition has neither a positive nor a negative effect on 
the gel strength of the myofibrillar network (ANOVA, p = 0.314). 

The gel strength obtained in the case of adding whole yacon at pH 5.5 had similar 
values using the different concentrations and was not significantly influenced 
(ANOVA, p = 0.294). There was a decrease in the water holding capacity as the 
yacon concentration increased (ANOVA, p = 0.000).  

The addition of comminute meat resulted in a higher myofibrillar gel strength 
especially at 20 and 30% addition (ANOVA, p = 0.000).  
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The addition of carrot and parsnip paste presented the lowest values of the gel 
strength of all the ingredients used. The concentration of both carrot (ANOVA, p = 
0.426) and parsnip (ANOVA, p = 0.365) did not have any significant influence on 
the gel strength. The water holding capacity of parsnip is lower at the concentration 
of 5% and 10% but it is 100% at higher concentrations. 

Potato starch is the best ingredient with regard to gel strength. With only a small 
addition of potato starch, the gel strength values were greatly influenced (ANOVA, 
p = 0.000).  

It is important to consider that the addition of some ingredients provides water to 
the gel network, lowering the gelling capacity of the myofibrils. For every ingredient 
investigated the W/P ratio has to be calculated based on the total water and protein 
content of each ingredient (Paper III), which has been considered in the results 
shown in Figures 23-24. 

Figure 23. Difference in Gel strength (A) and water holding capacity (B) based on the addition of oil, yacon, carrot 
and parsnip. Hypotetical representation of the formation (C) and disruption (D) of the gel network due to the 
addition of ingredients 
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Figure 24 is summing up the gel strength performance (A) and water holding 
capacity (B) of the different ingredients by plotting the difference in gel strength of 
myofibrillar gels with and without different ingredients (oil, yacon, carrot, and 
parsnip) at varying concentration (5, 10, 20, and 30%) added compared at the same 
w/p ratio. Figure 24 also provides a hypothetical representation of the formation and 
disruption of the gel network with the addition of the ingredients (Figure C and D, 
respectively). 

Both oil and yacon have a small effect on the gel formation of the myofibrillar system 
at all the different levels. Both carrot and parsnip performed worst as the difference 
was negative at mostly all the additions. Evidently, the addition of these root-pastes 
seems to interfere with the capacity of myofibrillar proteins to create a good gel 
network. It has been found by Tornberg (2017) that carrot and parsnip suspensions 
have a relatively low ability to form networks, whereas yacon suspensions can give 
good gel networks at low concentrations of suspensions. Yacon seems to perform 
better with regard to meat myofibrillar gelation than carrot and parsnip pastes. 

Addition of oil showed the same positive difference in the water holding capacity at 
any concentration. Addition of yacon produces a small positive increment in the 
difference of the WHC at 5%, 10% and 30% but there was a negative difference at 
20% addition of yacon.  

Carrot addition displayed a positive increment on the difference of the WHC of the 
gels with the increment of the amount of carrot. Finally, parsnip addition had a 
negative difference of the WHC of the gels at the initial concentrations (5% and 
10% added) but had a positive difference when its concentration was 20% and 30%.  
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Figure 24. Difference in the gel strength of myofibrillar (A) gels with and without addition of Potato starch and 
Meat pieces. Representation of the change in influence from meat (B) to potato starch (D) in the gel strength. 

These results suggest that the water added to the myofibrillar system through the 
pastes of carrot and parsnip does not to major parts be available to lower the water 
holding of the myofibrillar gels. 

The difference in gel strength (A) and WHC (B) of myofibrillar gels with and 
without addition of potato starch and meat at varying levels and compared at the 
same W/P ratio can be seen in figure 24. Both of these additives substantially increase 
the difference between the gel strength in comparison to the gel when there is no 
addition of ingredients which shows that they enhance the myofibrillar gel to a large 
extent. Figure 24 also shows the representation about how the potato starch take 
control of the gel network. At lower concentration meat addition influence the gel 
network the most(B) but when the concentration of potato starch increased, it slowly 
shifted towards the potato starch (C) until the gel strength is completely influenced 
by the potato starch (10% potato starch) (D). 
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4.4 Properties of the gels of MP with addition of the 

soluble and insoluble fraction of yacon 

The gel strength and water holding capacity of the gels obtained using myofibrillar 
proteins and yacon at different pH (3.9, 5.5 and 9.0) and concentrations added (5, 
10, 20 and 30%) were analyzed (Paper IV).  

Using yacon at pH 3.9, there is a decrease in the pH of the gels due to the low pH 
of yacon, but the buffering power of the myofibrillar proteins helps to counteract 
this decrease to a minimum of 4 when the addition is 30%.  

At the pH of 3.9 of the yacon the following was observed: Only at 5 and 10% does, 
the addition of WIF have a negative and significant influence on the gel strength 
(Paired t-test: 5%, p=0.001; 10%, p=0.037). However, at the levels of 20 and 30% 
WIF added, an improvement of the gel strength was observed but it was not 
significant (Paired t-test: 20%, p=0.41; 30%, p=0.14). The water holding capacity 
of the myofibrillar gels increases with the concentration of WIF (ANOVA, p=0.002).  

Surprisingly, the WHC of the mixed gel increases with WIF added, which suggests 
that WIF consisting mostly of yacon cells keeps the water inside the cells, and 
accessible to lowering the myofibrillar protein concentration.  

 

On other hand, the addition of water-soluble fraction (WSF) decreases the corrected 
gel strength of the gels. The paired t-test indicates that the addition of WSF has a 
negative effect, at all levels (5%, p=0.01; 10%, p=0.01; 20%, p=0.05; 30%, p=0.03).  

Yacon WIF and WSF at a pH of 5.5 gives rise to mixed solutions with the 
myofibrillar proteins with a pH of 5.8, which is a more favourable pH for the gel 
formation of the myofibrillar solutions than the addition of yacon at a pH of 3.9. At 
pH 5.8, the gel strength corrected increases with the addition of water insoluble 
fraction. Paired t-test shows that with addition of WIF, the gel strength was 
significantly increased at every level except for the 30% addition (5%, p=0.02; 10%, 
p=0.02; 20%, p=0.03; 30%, p=0.09).  

For WSF, the increased addition gave rise to a lower corrected gel strength for all the 
gels. The different concentrations of WSF had a significant influence on the gel 
strength corrected (ANOVA, p=0.004). The water holding capacity decreased with 
the addition of WSF especially at the highest concentrations of 20 and 30%. The 
concentration of WSF had a significant and negative influence on the water holding 
capacity (ANOVA, p=0.02).  

Ultimately, myofibrillar gels were prepared with yacon water-insoluble fraction 
(WIF) and soluble fraction (WSF) at a pH of 9 showed the following:  



46 

 

 

Figure 25. Differences in gel strength (A) and the water holding capacity (B) for the addition of yacon components 
and the pure myofibrillar proteins at different yacon pH (3.9, 5,0 and 9,0). Representation of gel network when: (C) 
low pH, (D) low pH but high addition of WIF, (E) high pH but addition of WIF, (F) high pH but addition of WSF. 

The different added concentrations of WIF had a positive and significant influence 
on the gel strength corrected (ANOVA, p=0.02). The water holding capacity stays 
high, similar to using WIF but there is a small decrease at 20% and 30% addition 

Figure 25 summarizes clearly the influence of both components of yacon at different 
pH on the gelation (A) and water holding capacity (B) (WHC) of myofibrillar 
solutions. There are also hypothetical representations of the gel network in figure 25.  
At lower pH (C), the gel network is very weak, however 30% addition of WIF 
improve the gel strength (D). At higher pH, it is possible to eliminate the influence 
of the pH on the gel strength, Addition of WIF help to create the network (E) while 
addition of WSF only disrupts it (F). 
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The paired t-test showed that each addition of WIF at this pH gave a significantly 
better WHC than for the pure myofibrillar gels at the same W/P ratio (5%, p=0.000; 
10%, p=0.000; 20%, p=0.000; 30%, p=0.000).  

With water-soluble fraction (WSF) addition, the gel strength corrected and the water 
holding capacity of the gels goes down with the increment of WSF (ANOVA, 
p=0.001 and ANOVA, p=0.02, respectively).  

At pH = 3.9, neither the WIS nor the WSF have a positive influence on the gel 
strength at addition of 5% and 10%. A positive influence is encountered only with 
an addition of 20% and 30% of yacon WIF.  

At pH = 5.5, the addition of WIF and WSF influences the gel strength of the 
myofibrillar proteins in a positive way, with WIF having the most positive effect 
between both. Although WSF has a weaker effect on the gel strength, it presents 
similar behaviour to the WIF, but not at the highest addition of 30%, which is 
negative. 

At pH = 9, the positive influence of both WIF and WSF is greater. For WIF, the 
highest difference is obtained using 20% of WIF. In the case of WSF, the highest 
difference is found at 5% WSF added, and then there is a decrease until reaching a 
negative difference at 30% WSF added.  

At pH of 3.9 of yacon, only the addition of 30% WIF has a positive influence on 
the water holding capacity.  

At pH of 5.5 of yacon, there is a difference in the water holding capacity between 
WIF and WSF. All the WIF additions present a positive influence while the WSF 
additions only present a positive influence at the lowest concentrations (5% and 
10%).  

When the pH of yacon is 9, there is a positive influence of the addition on the WHC, 
when using both WIF and WSF; however, WIF has a more positive influence than 
WSF.  

It is interesting to observe that in general gels with WIF have significantly better gel 
strength. It might be that for WSF the FOS nano-crystals interact with the 
hydrophobic crevice in the head of the myosin molecule and thereby hinder the 
aggregation of the myosin heads.  
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4.5 Sausage production using yacon (Paper V) 

4.5.1 Preparation of sausages 

One of the important aspects for the preparation of sausages is to know the water, 
protein and fat content of the main ingredients that are going to be used (Paper V). 
The water protein ratio (W/P ratio) will determine the different proportions of the 
ingredients for the preparation of the sausages; the W/P ratio used here was 8,4. 

For each type of sausage, the amount of minced meat used represent 50% of the 
mixture (equal proportion of both pork and beef). The proportion of water used is 
based on the W/P ratio of 8.4 and the amount of potato starch change based on the 
type of sausage (8% for high starch level and 4% for low starch level). Dietary fibre 
will be added until it reaches a value of 1% in the composition of the sausage (The 
amount of fibre in yacon was 45% of the drying matter (Castro, 2013). The recipe 
for the sausages prepared based on 100g of batter is displayed in Table 1 (P. 29).  

4.5.2 Process and frying loss and firmness of the sausages 

The process loss refers to the loss of water after the production of the sausage, while 
the frying loss refers to the loss when the sausages are fried.  

The results obtained for the process and frying loss are displayed in Table 2. The 
process loss of the different sausages is minimal (0.6 - 1.1%). The highest process 
loss (1.11%) is produced with the addition of whole yacon. However, the water loss 
obtained is less in comparison to other similar studies of low-fat sausages with dietary 
fibre from cereals like rye, oat and barley which is around 2% (Petersson et al., 2014). 
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Table 2. Least square mean and p value of the process loss, frying loss and firmness of sausages 

as a function of the starch content, fat content and type of fibre. (Paper V) 

  Process loss (%) Frying loss (%) Firmness (N) 

Starch content Low  0.75 17.8 20.6 

 High 0.57 13.0 29.3 

  p = 0.084 p = 0.000 p = 0.000 

Fat content Low  0.73 11.9 24.7 

 High 0.60 18.9 25.2 

  p = 0.187 p = 0.000 p = 0.643 

Type of fibre Yacon 1.11 13.4 20.5 

 Yacon WIF 0.71 13.8 22.7 

 Yacon WSF 0.64 12.8 18.2 

  p = 0.002 p = 0.478 p = 0.034 

 

The results show that neither the starch content nor the fat content have significant 
effect on the process loss but the type of fibre has (ANOVA, p = 0.002).  

The frying loss shows that the starch and fat content have significant influence on 
the frying loss, where the largest frying loss is produced with high fat and low starch 
content. The type of fibre has no significant influence on the frying loss (ANOVA, 
p = 0.478). 

In relation to the firmness of the sausages, both the starch content and the type of 
yacon fibre have a significant influence on the sample. This demonstrates the strong 
impact that the addition of potato starch has on the firmness of the sample, which 
is in accordance with our basic studies on the influence of different ingredients on 
the myofibrillar gel formation The variation in fat content from 5 to 12%  has no 
significant influence on the firmness of the sample and the high values are an effect 
of the starch content in the sample. It is interesting to note that the addition of yacon 
WIF gives rise to the firmest sausage among the yacon samples, which is also in 
accordance to what we have previously observed in our model systems. 
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4.5.3 Sensory analysis 

The results of the sensory analysis are displayed in Table 3. We have worked with a 
scale of 1 to 9 with regard to the different sensory attributes and normalised the 
values achieved by dividing them with the average over all the assessors (n= 10). 

Table 3. Least square mean and p value of the sensory attributes of the sausages as a 
function of gender, age and sample. 

  Color Crumbliness 
Meat 

Intensity 
Compactness 

Total 

impression 

Gender 
Male 

Female 

1.0 

1.0 

p = 1.0 

1.00 

1.00 

p = 1.00 

0.99 

1.00 

p = 0.99 

1.00 

0.99 

p = 0.91 

1.00 

0.99 

p = 0.99 

Age 

22 to 25 

25 to 30 

More than 30 

1.00 

1.00 

1.00 

p = 1.00 

1.00 

1.00 

0.99 

p = 1.00 

1.00 

0.99 

0.99 

p = 1.00 

1.00 

1.00 

1.00 

p = 1.00 

1.00 

0.99 

1.00 

p = 1.00 

Sample 

Ref 1 (HFHS) 

Ref 2 (HFLS) 

Ref 3 (LFHS) 

Ref 4 (LFLS) 

Whole yacon 

Yacon WIF 

Yacon WSF 

1.03 

1.04 

0.90 

0.90 

0.97 

1.10 

1.04 

p = 0.17 

0.96 

0.88 

1.00 

0.91 

1.07 

1.14 

1.05 

p = 0.17 

0.93 

1.06 

0.92 

0.86 

1.05 

1.06 

1.09 

p = 0.02 

1.01 

0.83 

0.99 

0.95 

1.11 

1.08 

1.03 

p = 0.05 

1.03 

0.96 

0.97 

0.81 

1.07 

1.07 

1.07 

p = 0.01 

 

In the parameter age, the data has been grouped into smaller groups for an easier 
analysis. According to the results, the age and gender of the participants did not have 
a significant influence on sensory analysis. The type of sausage has a significant 
influence on the parameters of Meat intensity, compactness and total impression.  

According to the assessors, the sausages with the highest total impression are those 
with the addition of yacon and its components. The meat intensity is also higher in 
the yacon samples compared to the reference sausages. This might be a product of 
the presence of free sugar that comes from yacon itself, which can help to intensify 
the sensation of meat flavour probably through the Maillard reaction. The sausage 
with yacon WSF give rise to highest meat intensity probably because it its high 
content of free sugar. 

The sausages with addition of insoluble fibre (whole yacon and WIF) have the 
highest scores in compactness, which can be attributed to the effect that was shown 
in the model studies that the insoluble fibres enhanced the gel strength. 
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The results demonstrate the potential benefits of adding yacon paste to low-fat 
sausage. Not only is there a low process and frying loss but also there are some 
benefits to the final product such as higher meat intensity and compactness. 
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5 Conclusions 

The present work comprises an extensive evaluation of yacon tuber roots as a 
potential food ingredient for meat products. The results obtained in this work 
provide knowledge of the properties of yacon and the multiple interactions with 
different meat proteins. These interactions are the key to understanding the 
application of yacon in for example sausage production.  

One of the largest problems of yacon is its short shelf life, but convection drying 
presents a great alternative to preserving the root and its properties. In our study, the 
optimal drying conditions to achieve a good dehydrated product with the best 
properties of the reconstituted yacon is to apply temperatures above 55°C, and 
having a high air flow of 4m/s. 

A combination of both yacon and sarcoplasmic proteins was able to improve the 
emulsification capacity of sarcoplasmic proteins. This effect is produced because of 
the formation of aggregates between the nanocrystals present in the soluble part of 
yacon and the proteins. These aggregates help to spread the protein at the oil 
interface producing smaller oil droplets. 

The interactions of the insoluble and soluble components of yacon (WIF and WSF, 
respectively) with myofibrillar proteins were investigated. Depending on whether 
WIF or WSF were used they influenced the gelling of myofibrillar proteins 
differently. The addition of WIF helped to reinforce the gel network, producing gels 
with good strength and water holding capacity. On the other hand, the addition of 
WSF had the opposite effect debilitating the gel network. 

In the case of other ingredients, oil did not disturb the myofibrillar gel formation, 
whereas carrot and parsnip did and meat pieces and potato starch improved the gels 
substantially.  

The production of low-fat sausages using yacon and its components as ingredients 
give promising results. The addition of yacon provides sausages with low process and 
frying losses. Furthermore, the presence of sugars in the soluble part of yacon seems 
to enhance the flavour of the sausage, increasing its acceptance as a product.     
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Future outlook 

The use of yacon as a food ingredient for meat products needs further research. Even 
though we managed to produce sausages enhanced with yacon dietary fibre, this was 
only a prototype. More direct research is needed to further elucidate for example 
how the dried yacon behaves in a sausage. 

The use of yacon is not limited only to sausages, the application of the soluble and 
insoluble fraction of yacon opens the door many different products. In the field of 
meat products, yacon can be applied to meatballs or hamburgers. 

There are still questions unanswered about the interactions of yacon and the proteins 
of meat. There is a need to further proof the interactions observed in this 
investigation between the yacon and meat sarcoplasmic and myofibrillar proteins. 
Based on our results, we were able to give hypothesis about why they behave in that 
way. But with some extra research it is possible to determine the reason of such 
behaviours.     



54 

 

Acknowledgements 

This PhD was a journey of five years. I have the opportunity to learn not only about 
food technology but also about myself. 

First and foremost, I would like to give a big and deserve thank you to my two 
supervisors in Lund University, Prof. Eva Tornberg and Prof. Björn Bergenståhl, 
for all the patience and support that give me during these five years.  

Thank you, Eva for always helping and looking for all these years. You make me 
work harder and I really appreciate that. It shows that you really care about our 
project and that give me motivation to improve myself. 

Thank you, Björn for everything you teach me and all the talks and dinners that we 
share together during this time. I was always fascinated when we talk and you were 
always kind to me. Even when you are busy, you are always there to help me.  

I really enjoyed being your PhD student and I hope you are proud of all we achieve.   

I would like to thank my supervisor in Bolivia, M. Sc. Juan Antonio Alvarado, for 
all the help when I was in Bolivia. I was happy to learn many things from you and I 
hope that we can continue working together in the future. You are a great boss and 
I was happy to work with you.  

I would like to thank my co-author Revekka Papaioannou for the help in the paper 
of gel formation. You create the base of the work; I only complete what you start it. 

I would also like to acknowledge the Swedish International Development Agency 
SIDA/SAREC in collaboration with Universidad Mayor de San Andres (UMSA) 
and Lund University for providing the funding for this doctoral project. 

Special thanks to Dan Johansson and Hans Bolinsson for helping in the 
experimental part of the project. I want to also thank Peter Eklöv for the help and 
for the friendship. I was always great to play and compete in the Innebandy.   

I made wonderful friends in this journey that I will never forget. I want to thank to 
my best friend Catalina Fuentes. We shared so many good and bad moments during 
these five years and you were always there to talk. I hope our friendship continue for 
many more years.  



55 

 

I would like to thank my good friend Stina Burri for always being awesome and 
cool. You were my first Swedish friend and I am so happy to know you. Both you 
and your boyfriend Jonas have a special place in my heart. I will never forget you, 
my friend. 

I want to thank my awesome office mate Grant Thamkaew. I was so happy to find 
a person who loves videogames as much as I do. We only meet at the end of my 
journey but you make those times unforgettable. I am going to miss our gaming 
sessions. 

I would like to thank two special friend, Kajsa Nilsson and Ida-Marie Andersson. 
Both of you accept me the way I am and teach that is okay to be myself. You are 
awesome and thank you for your friendship. 

I would to thank Randi Phinney for everything you teach me. I enjoy your speaking 
courses and the Tuesday Innebandy. You are always kind and happy. 

Special thanks to my Bolivian friends Atma-Sol, Cecilia, Daniel, Pamela, Oscar, 
Sander y Vanesa. I hope you find success in your projects and personal goals.  

Finalmente quiero agradecer a mi familia, a mis papas y mis hermanos por todo el 
apoyo y la paciencia que tuvieron estos años. No fue fácil estar viajando 
constantemente pero siempre estuvieron allí para darme una mano. Este logro no es 
solo mío sino de toda la familia.    



56 

 

References 

Akil, H. M., Omar, M. F., Mazuki, A. M., Safiee, S., Ishak, Z. A. M., Bakar, A. A. (2011) 

Kenaf fiber reinforced composites: a review. Mater. Des. 32(8-9), 4107-4121. 

Baucher, M., Monties, B., Montagu, M., Boerjan, W. (1998). Biosynthesis and genetic 

engineering of lignin. Critical Reviews in Plant Sciences, 17(2), 125-197. 

Bengtsson, H. (2009). The physicochemical and sensory properties of fruit and vegetable 

fibre suspensions, PhD Thesis, Lund University. 

Bradeen, J. M., Simon, P. W. (2007). Carrot. In: Vegetables (Genome Mapping and 

Molecular Breeding in Plants), Ed. Chittaranjan K., Springer. 

Castro A, Cespedes G, Carballo S, Bergenstahl B, Tornberg E. (2013). Dietary fiber, 

fructooligosaccharides and physicochemical properties of homogenized aqueous 

suspension of yacon (Smallanthus sonchifolius). Food Research International, 50, 

392-400. 

Dos Santos, B. A., Bastianello, P. C., Bertoldo, M. T., Rodrigues, M. A. (2012) 

Fructooligosaccharides as a fat replacer in fermented cooked sausages. International 

Journal of Food Science & Technology, 47, 1183-1192. 

Drabinska, N., Zielinski, H., Krupa-Kozak, U. (2016). Technological benefits of inulin-

type fructans application in gluten-free products  A review. Trends in Food Science 

and Technology, 56, 149-157. 

Dreher, M. L. (2001) Dietary fiber overview. In: S. S. Cho, M. L. Dreher (Eds.), 

Handbook of dietary fiber (pp. 1-16). New York, Marcel Dekker, Inc. 

Fengel, D., Wegner, G. (1984) Wood: Chemistry, ultrastructure, reactions. 

Fernandes, F. A., Rodrigues, S., Law, C. L., Mujumdar, A. S. (2011). Drying of exotic 

tropical fruits: a comprehensive review. Food and Bioprocess Technology, 4(2), 163-

185. 

Fernandez, C. E., Lipavska, H., Milchl, J. (1997). Determination of saccharides content in 

different ecotypes of yacon (polymixia sonchifolia poepp and enlicher) cultivated 

under conditions of Czech Republic. Agricultura Tropica et Subtropica. Universitas 

Agriculturae Praga, 30, 79-89. 

Findlay, C. J., Parkin, K. L., Stanley, D. W. (1989). Differential scanning calorimetry can 

determine kinetics of thermal denaturation of beef muscle proteins. Journal of Food 

Biochemistry, 10, 1-15. 



57 

 

Gibson, G., Roberfroid, M. (1995) Dietary modulation of the human colonic microbiota. 

Introducing the concept of prebiotics. Journal of Nutrition, 125, 1401-1412. 

Hamm, R. (1977). Changes of muscle proteins during the heating of meat. In Hoyen, T., 

Kvåle, O. (Eds). Physical, chemical and biological changes in food caused by thermal 

processing. Applied Science Publishing. (pp. 101-134)  

Hendry, G. (1993) Evolutionary origins and natural functions of fructans. A climatological, 

biogeographic and mechanistic appraisal. New phytol. 123, 3-14. 

Heredia, A., Jimenez, A., Guillen, R. (1995). Composition of plant-cell walls. Zeitschrift 

Fur Lebensmittel-Untersuchung Und-Forschung, 200(1), 24-31. 

Hermansson, A. M. (1982). Gel characteristics  Structure as related to texture and water 

binding of blood plasma gels. Journal of Food Science, 47, 1965. 

Ishii, T. (1995). Pectic polysaccharides from bamboo shoot cell walls. Mokusai Gakkaishi, 

41, 669-676. 

Jane, J. (2004). Starch: structure and properties. In: Tomasik, P. (Ed.) Chemical and 

Functional Properties of Food Saccharides, CRC Press, Boca Raton, pp. 81-101. 

Kikuchi, A., Edashige, Y., Ishii, T., Satoh, S. (1996). A xylogalacturonan whose level is 

dependent on the size of cell clusters is present in the pectin from cultured carrot 

cells. Planta, 200, 369-372. 

Luallen, T. (2004). Utilizing starches in product development. In: Eliasson, A. (Ed) Starch 

in Food: Structure, Function and Applications, Woodhead Publishing Limited, 

Cambridge, UK. 

Mansour, E. H., Khalil, A. H. (1999). Characteristics of low-fat beef-burgers as influenced 

by various types of wheat fibre. J. Sci. Food Agric. 79, 493-498.  

Marlett, J. A., mcBurney, M. I., Slavin, J. L. (2002). Position of the american dietetic 

association: Health implications of dietary fiber. Journal of the American Dietetic 

Association, 102(7), 993-1000. 

Mayta, P., Payano, J., Pelaez, J., Perez, M., Pichardo, L., Puylan, L. (2001). Efecto 

Hipoglicerimiante de la Raíz del Smallanthus sonchifolius en Adultos Jovenes 

Clinicamente Sanos (Estudios Preliminares). Resumen II Simposio Latinoamericano 

de raíces y tuberculos. UNALM, CIP, Peru. 

Mitsuoka, T. (1984). Taxonomy and ecology of bifidobacterial. Bidifobact. Microflora, 3, 

11-28.  

O´Neill, M., Albersheim, P., Darvill, A. (1990). The pectic polysaccharides of primary cell 

walls. In: Dey, D. M. (Ed.), Methods in Plant Biochemistry, Vol. 2, Academic Press, 

London, pp. 415-441.  

O´Sullivan, A. C. (1997). Cellulose: the structure slowly unravels. Cellulose, 4, 179-207. 

Offer, G., Knight, P. (1988) The structural basis of water-holding in meat. Part 1: General 

principles and water uptake in meat processing. In: Lawrie, R. (Ed). Development in 

meat science  4 (pp. 63). London, Elsevier, Applied Sciences.  



58 

 

Petersson, K., Godard, O., Eliasson A., Tornberg, E. (2014) The effects of cereal additives 

in low-fat sausages and meatballs. Part 2: Rye bran, oat bran and barley fibre. Meat 

Science, 96(1), 503-508. 

Petersson, K., Godard, O., Eliasson, A., Tornberg, E. (2014) The effects of cereal additives 

in low-fat sausages and meatballs. Part 1: Untreated and enzyme-treated rye bran. 

Meat Science, 96, 423-428. 

Schmidt, G. R., Mawson, R. F., Siegel, D. G. (1981). Functionality of the protein matrix 

in comminuted meat products. Food Technology, 35(5), 235-252. 

Sharp, A., Offer, G. (1992). The mechanism of formation of gels from myosin molecules. 

Journal of the Sciences of Food and Agriculture, 58 (1), 63-73. 

Shen, L., Haufe, J., Patel, M. (2009). Product overview and market projection of emerging 

bio-based plastic PRO-BIP. Universiteit Utrecht, Netherlands. 

Siddiqui, I. R. (1989). Studies on vegetables. Fiber content and chemical composition of 

ethanol-insoluble and soluble residues. Journal of Agricultural and Food Chemistry, 

37(3), 647-650. 

Simon, P. W., Wolff, X. Y. (1987) Carotene in typical and dark orange carrots. J. Agric. 

Food. Chem., 35, 1017-1022. 

Stolarczyk, J., Janick, J. (2011) Carrot: History and iconography. In: Janick, J., Dijck, K. 

V., Vanderborght, P. (Ed) Chronica horticulturae. International Society for 

Horticultural Science, Leuven, Belgium. 

Taipale, T. (2010) Interactions of microfibrillated cellulose and cellulosic fines with 

cationicpolyelectrolytes. Doctoral thesis. Aalto University School of Science and 

technology. Finland. 

Timm, D. A., Slavin, J. L. (2008). Dietary fiber and the relationship to chronic diseases. 

American Journal of AOAC International, 78(4), 1030-1044. 

Tornberg, E. (2005). Effects of heat on meat proteins  Implications on structure and 

quality of meat products. Meat Sciences,70, 493-508. 

Tornberg, E. (2017) Influence of fibers and particle size distribution on Food Rheology. In: 

Ahmed, J. (ed) Advances in Food Rheology and its Applications. Woodhead 

Publishing, pp 177-208. 

Tornberg, E. Olsson, A., Persson, K. (1997). The structural and interfacial properties of 

food proteins in relation to their function in emulsions. In: Larsson, K., Friberg, S. E. 

(Eds.) Food Emulsions, New York, pp. 247-324.  

Trowell, H., Southgate, D. A. T., Wolever, T. M. S., Leeds, A. R., Gassull, M. A., Jenkins, 

D. J. A. (1976) Dietary fiber redefined. Lancer, 1(7966), 967-967.  

Vijin, I., Smeekens, S. (1999). Fructan: more than a reserve carbohydrate? Plant 

Physiology, 120, 351-359. 



59 

 

Waterschoot, J., Gomand, S.V., Delcour, J.A. (2016). Impact of swelling power and 

granule size on pasting of blends of potato, waxy rice and maize starches. Food 

Hydrocolloids, 52, 69-77. 

Wright, D. J., Leach, I. B., Wilding, P. (1977). Differential scanning calorimetric studies of 

muscle and its constituents. Journal of Science Food and Agriculture, 28, 557. 

Yan, X., Suzuki, M., Olinishi-Kameyama, M., Sada, Y., Nakanishi, T., Nagata, T. (1999). 

Extraction and identification of antioxidants in the roots of yacon (Smallanthus 

sonchifolius). J. Agric. Food. Chem. 47, 4711-4713. 

Yilmaz, I. (2004). Effects of rye bran addition on fatty acid composition and quality 

characteristics of low-fat meatballs. Meat Sciences, 67, 245-249. 

Zayas, J. F. (1997). Gelling Properties of Proteins. In: Functionality of Proteins in Food, 

Springer, Berlin, Heidelberg.  



9
78

91
74

22
66

07

ISBN: 978-91-7422-660-7 

Food Technology, Engineering and Nutrition
Faculty of Engineering

Lund University

Yacon, a root native to South America, is an undeveloped crop with 
very interesting properties that is usually overlooked. One of the most 
interesting aspects of yacon is the presence of a very unique type of 
carbohydrates called fructans. Fructans are a source of dietary fibre and 
also stimulate the growth of beneficial bacteria in the intestinal track.   

The aim of this PhD work was to evaluate the potential of yacon as a food 
ingredient in meat products. This will be achieved by investigating the 
different interactions of the soluble and insoluble fraction of yacon with 
the proteins of meat (sarcoplasmic and myofibrillar). Based on the under-
standing of these interactions, it will be possible to produce sausages en-
hanced with dietary fibre using yacon paste as a part of the ingredients.
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