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Abstract 

In this work the objective was to develop a method that would make it easier to 

quantitatively evaluate different quality parameters in pasta. This was done with the 

assistant of a texture analyzer from TexVol Instruments. The quality parameters that were 

investigated were hardness, resilience, elasticity and adhesiveness. Two different types of 

measurements were used to measure three different pasta brands. These were single cycle 

and hold until time. Before this was done the main parameters in the texture analyzer were 

tested and adjusted to suite the method. Most of the steps in the developed method worked 

satisfactorily but more studies have to be done to make the method useful in the daily work 

with pasta production and pasta development.  

With all tests in mind it could be said that the De Cecco pasta was the one with the best 

texture parameters. It had the highest hardness, elasticity and resilience and the lowest 

adhesiveness. The other two brands, Kungsörnen and Tomadini had lower but similar 

results.  

Further important studies to look into is if there`s a possibility to get a computer software 

that are more targeted on pasta measurement. Another important thing is if these pasta 

measurements can be done in a different way, perhaps just using a few spaghetti straws. It 

would also be interesting to study the protein network in an electron microscope because 

then it´s easier to understand what´s happening when pasta is prepared. Last but not least I 

think it´s important to do a organoleptic test to see if it´s possible to taste the measured 

results.  
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SVENSK SAMMANFATTNING 
Detta examensarbete gick ut på att ta fram en metod med hjälp av en texturmätare där olika 

kvalitetsparametrar såsom hårdhet, elasticitet och spänst kunde mätas på pasta. Dessa 

mätningar gjordes på tre olika spaghettimärken. Dessa var Kungsörnen, Tomadini samt De 

Cecco. Mätningarna på de olika pastamärkena gjordes med hjälp av en texturmätare från 

TexVol som är ett svenskt företag. Deras olika instrument är främst framtagna för att fungera 

inom bageribranchen och köttindustrin. Detta gjorde att det var spännande att se om detta 

instrument även kunde användas med framgång för att mäta olika kvalitetsegenskaper på kokt 

pasta. 

Först gjordes mätningar på Kungsörnens spaghetti vid olika koktider. Dessa var mellan 5 och 

14 minuter. Dessa mätningar gjordes främst för att se vad som händer med de olika 

kvalitetsegenskaperna från det att pastan är underkokt till kraftigt överkokt. Utifrån resultaten 

från dessa mätningar är det svårt att dra några tydliga slutsatser då de varierade kraftigt. 

Därefter gjordes mätningar på de tre olika pastamärkena med två olika mätmetoder, dels 

single cycle och dels hold until time. Med single cycle menas att proben(mätstången) går ner i 

pastan och sen direkt upp igen medan vid hold until time metoden så går proben ner för att 

sen stanna nere tills en förinställd tid passerat innan den går upp igen. På detta sätt kan olika 

kvalitetsegenskaper mätas med de olika mätmetoderna. För att dessa mätmetoder ska fungerar 

har olika parametrar på texturmätaren utvärderats och på detta sätt har en 

metod/tillvägagångssätt tagits fram. De flesta av stegen i denna metod verkar fungera bra men 

ett stort problem är att mätningarna skiljer sig mycket åt. Detta beror troligtvis på att pastan 

lägger sig olika inför varje mätning vilket gör att mätningarna blir långt ifrån identiska vilket 

leder till att resultaten blir svårtolkade. Vissa tendenser kan dock ändå ses.  

Om alla mätningar tags i beaktande kan det sägas att De Cecco pastan är den pasta av högst 

kvalité. De Cecco pastan är den som är mest ”al dente”, mest elastisk, mest spänst samt lägst 

klibbighet. Vad detta beror på är svårt att säga då det kan finnas många förklaringar som är 

mer eller mindre relevanta. En trolig förklaring kan vara att De Cecco pastan har ett högre 

proteininnehåll än de båda andra märkena. I litteraturen står det att ett högre proteininnehåll 

ger en bättre kokt pasta och detta verkar rimligt då protein nätverket blir starkare vilket håller 

ihop pastan på ett bättre sätt. En annan möjlig orsak kan vara att fördelningen av de olika 

proteinerna är bättre i De Cecco pastan än i de andra märkena vilket leder till en bättre 

kvalitet.  De två andra, Kungsörnen och Tomadini hade snarlika resultat.  

Vad som behöver göras för att denna metod eventuellt ska kunna användas i den dagliga 

produktionen av pasta och utveckling av ny pasta är att ta bort så många felkällor som möjligt 

så att standardavvikelsen i alla mätningar blir avsevärt mindre. Detta kan kanske avhjälpas av 

att ha en mjukvara som är mer anpassad till pastamätningar än den som var används nu som är 

anpassad till bageribranchen. En annan viktig sak kan vara att mäta på bara några få pasta strå 

till skillnad mot nuvarande ”spaghettinystan”. Ytterligare en intressant sak är att göra en 

organoleptisk undersökning av de olika pastamärkena för att se om de uppmätta resultaten är 
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smakbara. Även att titta i elektronmikroskåp för att se de olika spaghettis proteinnätverk kan 

vara intressant för att få en förståelse för hur pastan ändrar sig under kokning. 
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1. INTRODUCTION 

Pasta means dough in Latin and pasta dough is made of water and hard wheat flour, often 

semolina (Andersen, 1993). Semolina is coarse-ground flour, which is made of the endosperm 

of the durum wheat. (Kulp & Ponte 2000).  Durum wheat is used in pasta manufacturing 

because of its high content of protein and the carotenoid pigment lutein, which gives the 

yellow color to the pasta (Belitz & Grosch 1999., Pomeranz 1988). Most of the protein 

content is gluten and it is considered to be the most important factor in high quality pasta 

(Fennema 1996, Samaan et al, 2006). Gluten is a mixture of gliadin and glutenin and these 

proteins are responsible for the al dente chew ability and elasticity of the pasta (Sozer 2008). 

These are also the two most important requirements the consumer has on the pasta. 

Pasta is a popular food because of its ease of preparation, sensory appeal, low cost and storage 

stability (Martinez et al, 2007). Italy is the country where pasta is most popular and Italy is 

also a big exporter of pasta to other countries (Sissons et al, 2007). Even if pasta is commonly 

associated with Italy archaeological research shows that noodles (made of soft wheat) or pasta 

(made of durum), originated from China around 2000 B.C (Andersen 1993., Atwell, 2001). It 

is often claimed that the Italian explorer Marco Polo brought the idea of noodles back with 

him from China to Italy but at that time pasta already existed in Europe. Tools are found for 

pasta manufacturing in old Etruscan graves in northern Italy, dated to 400 B.C. In the 17
th

 

century the pasta came to Sweden and in the middle of the 18
th

 century Kajsa Warg wrote a 

recipe of “stufade maccaroni”.  

In this work, we are going to study the quality factors of pasta with focus on texture. What is 

more, the aim is to develop a method that could be used to quantify differences in pasta 

quality and this is done with the assistance of a texture analyzer TVT-150 XP from TexVol 

Instruments. Many different measurements were done with two types of methods on three 

different pastas. There were two regular pastas and one premium pasta.  

In the following section we start with some facts about food quality, describe the cereals and 

its relevant components and then how pasta is produced.  In the method section the methods 

and instruments are described that were used to test the pasta quality. 

 

1.1 Food quality 

There are four quality factors in food (Bourne, 2002). These are appearance (size, color and 

shape), flavor (taste and smell), texture (touch and sound) and nutrition (carbohydrates, 

protein, fat minerals and vitamins); the first three factors are also known as sensory factors. 

Nutrition is important but the sensory factors give people a sensory pleasure while eating 

which the nutrition factor does not give. Of the three sensory factors texture was the last to 

attract research attention. A survey by Muller (1969) shows that of 125 companies with 228 

food products in United Kingdom it was only 55% of the products that where texture tested. 

http://tyda.se/search/with%20the%20assistance%20of
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Szczesniak (1990) claims that there were five major reasons due to which texture analysis was 

an overlooked quality aspect for many years. These reasons were as follows:  

1. Not much biomedical research was needed because inability of chewing and feeling 

different textures in the mouth was not considered a health problem.   

2. Texture is often taken for granted. People do not comment on the texture unless it is 

far from their expectations. 

3. Consumers consider it difficult to describe texture and they are often just using general 

phrases like “it doesn´t taste good”.  

4. Bad texture is usually a sign of poor food quality but it does not necessarily imply that 

the food is unhealthy to eat, which would be indicated by bad odor and flavor.  

5. Texture cannot be added as easily as flavor, aroma and color to the food. Even quite 

an easy adding of gum in order to increase viscosity in the food includes a reaction 

mechanism that is not yet completely understood. 

Since Muller´s survey 1969 there has been a significant progress in texture analysis in food 

(Bourne M. 2002). However, much more work is still left to do to generate satisfactory 

instrumental measurements and processes to understand and ensure high textural quality of 

the food.   

There are many different definitions of texture in food. These definitions can be categorized 

into two groups, those that define texture for all sorts of food and those that define texture for 

a specific food. One general definition is that:  

“Texture is the composite of those properties which arise from the structural elements of food 

and the manner in which it registers with the physiological senses “(Bourne, 2002, p. 14, ref. 

to Sherman 1970).  

Another general definition is:  

“Texture is a human physiological-psychological perception of a number of rheological and 

other properties of food and their interactions” (Bourne, 2002, p. 14, ref. to McCarty, 1987)  

1.2 Texture analysis of pasta 

Pasta quality can be measured by appearance, texture and flavor (Sissons et al 2008). Today 

the quality of pasta is measured through the water uptake ability during cooking and sensory 

tests by firmness and stickiness, at least at the Kungsörnen industry. Many instruments have 

been invented to measure texture in food but not much comparative information is available. 

There is today an increasing international trade in pasta and durum wheat and that means that 

standardized methods in measuring durum and pasta quality are becoming more important.  

The American Association of Cereal Chemistry (AACC) has designed a method, AACC 

method 66-50, to evaluate firmness in cooked pasta. According to Sissons et al (2008) this 

method isn’t specific enough. In the study of Sissons et al (2008), two laboratories tested 
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pasta firmness with the same method, AACC 66-50 with the same instruments and there are 

similar results but the results were not exactly conformably. They think that this difference is 

attributed to variations in cooking methods and instrumental settings. This means that the 

method is open to too much for misinterpretation. Simmons et al (2008) means that further 

work is required to optimize each step in the cooking process and in the instrumental settings 

before this method can be used internationally.  

1.3 Wheat 

Wheat is one of the oldest and extensively grown of all crops (Pomeranz (Editor) 1988). It 

was first grown as a food crop around 10 000 years ago in the Middle East but nowadays 

wheat is cultivated all over the world except the hottest tropical regions. Wheat is named 

Triticum in Latin and is a genus of grass with 20 different species (Bra Böcker, 1999). Wheat 

is a tall one-year straw plant with 2 to 5 ears that are arranged in a bifarious way on top of the 

stem. The wheat kernel is usually thick, short and has a deep striation in the middle of the 

kernel. Wheat is used for food, feed and to produce ethanol (Bra Böcker, 1999). In the food 

area it is used among others to flour, starch, pasta and breakfast cereals. Common wheat, also 

known as bread wheat, Triticum aestivum, is the dominating species of wheat grown around 

the world.  

The yearly production of wheat around the world in 1996 was 557, 4 million tons (Bra 

Böcker, 1999). Durum wheat, Triticum durum, stands for 25-35 million tons per year (Durum 

Wheat, 2008). The main producers of durum wheat are EU, Canada, USA and Australia. As 

shown in figure 1, different types of wheat are used in different products. Wheat with lower 

protein content is used in cakes while durum with its high protein content is used for pasta 

production (Pomeranz (Editor) 1988)  

 

Figure 1. Different types of wheat and what they are used for. Pomeranz (Editor) 1988. 

http://tyda.se/search/conformably
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1.3.1 Wheat protein and its importance to pasta manufacturing 

The protein content and composition of the wheat semolina are important and they influence 

the pasta quality (Malcomson et al, 1993). The best type of hard wheat for pasta 

manufacturing is durum wheat (Triticum durum). Durum wheat consists of 12-16 % protein. 

The proteins in wheat semolina can be divided into five groups, albumins (15% of protein), 

globulins (3% of protein), monomeric gliadin (33% of protein), polymeric glutenin (16% of 

protein) and the residue 33 %( Lamacchia et al, 2006, Atwell, 2001). Proteins consist of 

amino acids (Atwell, 2001).  Each amino acid has an amino group, carboxyl acid group and a 

hydrocarbon group (R-group). The carboxyl acid group and the amino acid group in the 

proteins are bound together with peptide bonds that link the amino acids together in long 

chains. The R-group does not contribute to the peptide bond but is on the other hand involved 

in interactions with other protein chains.  

In this work I have focused on gliadin and glutenin, which are the proteins that are most 

important in pasta manufacturing. 

Gliadin is a monomer protein that is stucked together with peptide bonds and disulphide 

bridges (Fennema, 1996).  When these disulphide bridges come in contact with water, as they 

do in pasta dough manufacturing, they will break and the gliadin molecule will be unfolded. 

The ends of the former disulphide bridges are revealed and can create new bridges with the 

glutenin, in other words, cross-link with glutenin. These new bridges make the gluten network 

stronger. 

Glutenin is a larger polymer protein that is composed of low-molecular weight and high-

molecular weight subunits that are linked together with disulphide bridges and cross bondings 

(Fennema, 1996). These disulphide bridges will also break in contact with water and reveal 

their ends and make it possible for new bridges to arise. When both gliadin and glutenin are 

hydrated with water new disulphide bridges will be found between them and this is the 

process and interaction that will compose the gluten network that’s so important in pasta 

manufacturing. See figure 2.  The dough´s elasticity is due to the ability of glutenin subunits 

to establish intermolecular hydrogen bondings, whereas gliadin increases the dough’s 

viscosity (Atwell, 2001).  

When pasta is cooking it is important that the gluten network is at a medium strength to get an 

optimum cooking quality (Pomeranz (Editor) 1988). That’s because if the network is too 

weak the pasta will become mushy and if it is too strong the pasta will be too fragile when it 

is dried. Another parameter to improve the cooking quality is to have higher protein content. 

Even the tolerance to overcooking is increased with increased protein content. Another 

important thing to get a high cooking quality is to have the right ratio between the different 

sizes of glutenin subunits. It´s better to have more big subunits than more smalls ones. The 

ratio between glutenin and gliadin is also important. High pasta hardness is associated with 

high glutenin and low gliadin contents.  
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Figure 2. Describes how the gluten network is established. 

(http://images.google.se/imgres?imgurl, used by permission).  

1.3.2 Starch in wheat 

Of the kernel weight 80% is composed by the endosperm. The endosperm consists of thin-

walled cells with starch granule surrounded by proteins (Andersen 1993. Most of the 

carbohydrates in wheat are starch. Starch in wheat consists of two different molecules of 

glucose, amylose and amylopectin, and small amounts of non-digestive food fiber.  

Unlike protein, starch consists of only one building block and that is glucose (Atwell, 2001). 

Glucose is a six –carbon sugar and has the chemical formula of C6H12O6. Glucose can exist in 

a linear form but in starch it exists in a ring form. The ring is stuck together by a bond 

between the first and fifth carbon when the ring is closed. The glucose rings can then be 

attached to each other with α-1,4-bondings and α-1,6-bondings, where the number in the 

bonding denotes which carbons that are connected to each other.  

Amylose is a linear chain composed by up to 5000 glucose units stuck together by α-1,4-

bondings and amylopectin is a highly branched chain composed by up to one million glucose 

units stuck together with α-1,4-bondings and α-1,6-bondings(Kulp & Ponte 2000). The 

structure of amylase and amylopectin is shown in figure 3a, b. 

 

Amylose 

Figure 3a. Schematic description of the amylose molecule with its α-1,4-bondings 

(http://images.google.se/imgres, used by permission)     

http://images.google.se/imgres?imgurl
http://images.google.se/imgres
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Amylopectin 

Figure 3b. Schematic description of the amylopectin molecule with its α-1,4-bondings and α-

1,6-bondings. (http://school.chem.umu.se/Experiment/pics/popcorn03.gif, used by 

permission) 

In common wheat starch contains of 25% amylose and 75 % amylopectin (Atwell, 2001). In 

their native form amylose and amylopectin are contained in starch granules. In these granules 

the amylose is in an amorphous form and the amylopectin is in a crystalline form. These 

granules are shaped like lenses and exist in two different sizes, 1-3 µm and 20-45 µm in 

diameter (Hoseney, 1986).  

1.3.3 Durum Wheat 

Durum wheat is usually milled into granular products called semolina (Kulp & Ponte, 2000). 

This is the major ingredient in pasta. The objective of durum milling for pasta manufacturing 

is to get as much semolina as possible with a minimum of flour production. (Pomeranz 

(Editor) 1988, Kulp & Ponte 2000). It is also more cost-effective since semolina has a higher 

selling price.  

Test weight is an important factor when milling durum wheat to semolina (Pomeranz (Editor) 

1988). Test weight is a measurement of the weight of a given volume (Atwell, 2001).  Many 

countries used the unit kilograms per hectoliter (kg/hl) when measuring the test weight. Good, 

sound wheat has a test weight around 80-83 kg / hl and weak wheat around 55-60 kg / hl. 

Another method is to measure the weight of 1000 wheat kernels. Durum wheat has 1000-

kernel weight between 30-40 g. Pomeranz refers to Geddes (1934) who says that: “the higher 

the test weight the greater is the percentage of endosperm and, in general, the greater the 

yield of semolina”. If the kernel is plump, fully matured and undamaged by the environment 

and by diseases the test weight is high (Pomeranz (Editor) 1988). Another important factor is 

protein content in durum wheat. In pasta manufacturing, it is necessary that protein content is 

above 12% otherwise the product quality becomes very poor. Durum wheat has protein 

content between 9-18%.  

1.3.4 Durum Milling 

When milling durum wheat into semolina several steps are needed and these are cleaning, 

tempering, milling and purifying (Kulp & Ponte 2000). At first the kernels is cleaned from 

http://school.chem.umu.se/Experiment/pics/popcorn03.gif
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foreign particles like stones, insects and other grains that will otherwise decrease the semolina 

quality and harm the rolls in the mill. Then it is time for tempering. The durum wheat kernel 

is very hard and therefore it must be tempered to a moisture content of 16% before grinding. 

This is done so that the separation of bran and endosperm can take place. The tempered 

durum wheat is ground on different breaking rolls so that the kernel will open and the bran 

releases from the endosperm. After this the endosperm is milled to semolina, and the semolina 

is purified, which means that semolina is separated from the flour and bran particles.         

When durum wheat is milled about 65-70 % becomes semolina, 10 % becomes flour and 25-

20 % is bran (Kulp & Ponte 2000). The semolina fraction contains a range of sizes; from 

around 100 to 650 µm 65-70 % of this is in the size around 250 µm. 

Different wheat classes vary much in kernel hardness (Atwell, 2001). This depends of the 

strength of the adhesion between protein and starch in the endosperm. In durum and other 

hard wheat this adhesion is stronger than that of the soft wheat.  The starch is found in the 

cells of the endosperm in a form called starch granules. In the space between these starch 

granules there are gluten proteins. In the hard wheat milling it can occur that the starch 

granules break before the starch- protein interactions breaks. When this happens the starch is 

called damaged starch. There will be much starch damage if the durum kernel is milled to 

usual flour particle size. Too much damaged starch is not good for the pasta manufacturing; 

therefore this is one reason why the durum is milled into semolina and not usual flour.   

1.3.5 Granulation 

The particle size of the semolina is important since it has an effect on the absorption of water 

in the pasta dough and therefore also secondary on the drying of the pasta (Pomeranz (Editor) 

1988, Kulp & Ponte 2000). This influences the quality of the pasta. Fine particles absorb more 

water than coarser particles and therefore it is desirable to have as small range in particle size 

as possible. Otherwise the biggest particles become white specks in the pasta. A common size 

for semolina that will be used to produce long pasta, such as spaghetti, is finer than 630 µm 

and for short pasta such as macaroni finer than 350 µm. More coarsely milled semolina than 

630 µm is used to produce Couscous and semolina flour is used to produce noodles. If the 

particle size is too small but the semolina is still used in pasta manufacturing the starch will 

leach out into the cooking water and then the pasta will be mushy (Atwell, 2001). This is 

because of the granules are more damaged in these small particles than in the bigger particles. 

 

1.4 Manufacturing of pasta 

The best quality pasta is made of hard wheat with a low enzyme activity and a yellowish color 

(Andersen, 1993). As we have already described, the best type of hard wheat for pasta 

manufacturing is durum wheat (Triticum durum).  Semolina is granulated product that comes 

from the endosperm of the durum wheat; what is more, semolina is the main ingredient in 

pasta.  
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For production of high-quality pasta it is important that the size of the semolina granulates is 

not too big or too small (Kulp & Ponte 2000). Another important requirement for high-quality 

pasta is that the enzyme activity is as low as possible; otherwise, for example, lypoxygenases, 

will oxidize the carotenoid pigment lutein and this will make the pasta colorless (Pomeranz, 

1988). Yet another important requirement for semolina is that it needs less water to form 

dough. The water that has been added must be removed in the drying process and if there is 

less water in the beginning the drying process will be easier. It should be noted that pasta can 

also be manufactured of other types of hard wheat besides durum, as the Swedish company 

Kungsörnen does. This pasta has a little greyer color and a shorter optimum cooking time. 

Pasta manufacturing can be divided into three steps: dough making, extruding and drying 

(Andersen 1993).  

The manufacturing process starts with mixing semolina and water (Smewing, 1997). Then the 

mixture is kneaded to dough and during this time several chemical and physical 

transformations occur (Fennema, 1996). The gluten protein absorbs water and becomes 

partially unfolded. This facilitates hydrophobic interactions which result in formation of 

thread-like polymers. These polymers interact with each other with hydrophobic interactions 

and hydrogen bondings and create a sheet-like network that will hold the dough together and 

make the dried pasta strong. Eggs are sometimes added but this is mostly for coloring or 

nutrient richness (Andersen 1993). Other colorings that can be used are spinach for green 

pasta and tomato for red pasta. During the kneading the proteins (mostly gliadin and glutenin) 

in the flour absorb water and form a network of gluten (Andersen P.E. 1993). This network is 

important to the end quality of the pasta. The last thing that is done before extruding is that 

the dough is mixed in a vacuum container (Andersen P.E. 1993). This is done in order to 

make the dough solid and free from air bubbles that may decrease mechanic quality and color 

of the pasta (Kulp & Ponte 2000). 

Then it´s time for extruding, which means that the dough is kneaded even more and after that 

the extruding screw pushes the dough through the die. In the pasta manufacturing, it is 

common that various small dies are used, see figure 4. The dies are mounted in a bigger 

bronze wheel so more dough can go through the dies per minute. This will greatly enhance the 

capacity of the extruder. The dies will make the pasta into desirable shapes like spaghetti, 

gnocchi or wheels as shown in figure 4. On the other side of the die there is a knife that cuts 

the pasta in desirable lengths. The die can affect the cooking quality of the pasta because the 

die molds the surface of the pasta dough while extruded (Atwell, 2001). If the surface is 

uneven the surface area is larger, which causes a shorter cooking time and if the surface is 

even the cooking time is longer. The best dies are made of bronze but these may lack in 

durability, therefore they are often coated with Teflon. 
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Figure 4. Bronze die used in pasta manufacturing. 

(http://www.nydailynews.com/money/2009/01/26/2009-01-

26_where_pastas_die_is_cast.html, used by permission) 

After extruding it is time to dry the pasta and this is the most demanding phase of pasta 

manufacturing (Belitz & Grosch 1999). During the drying the water content drops from 31% 

to 11-13%.  At first the surface of the pasta is dried a little so the pasta won’t stick to each 

other. However, it is important that the surface of the pasta does not harden prior to the center 

because this will make the pasta inclined to develop cracks, fractures and become check 

(Belitz & Grosch, 1999, Smewing, 1997). In this context, check means that the pasta becomes 

skew. If the pasta is dried too slowly these conditions allow microbiological growth that can 

make the product spoiled or even hazardous (Smewing, 1997). On the other hand, if the pasta 

is dried too fast it will become fragile. The drying process is different for each pasta product, 

but macaroni and other small pasta shapes are usually dried on a band and spaghetti is dried 

on rods (Andersen P.E. 1993).  

Pasta was earlier usually dried at 55-100°C but nowadays pasta can be dried at as high 

temperatures as above 100°C (Kulp & Ponte, 2000). This is called very-high-temperature 

drying (VHTD) and the advantages of this sort of drying are that the pasta’s drying time is 

significantly reduced, the end-product quality is improved and operating costs are reduced. 

The improved end-product quality parameters are a decrease of stickiness and increase of 

firmness (Lamacchia et al, 2006, Baiano & Conte, 2006). A possible explanation for this is 

that the high temperature drying changes the structure of the protein in the pasta (Lamacchia 

et al, 2006). The higher temperature causes new bonding between the pasta proteins and 

aggregates these proteins into large and insoluble polymers. These larger protein polymers 

restrict the water uptake by the starch during cooking and therefore also prevent the starch 

granules from leaching amylose. It is the leach of amylose that mainly affects the stickiness, 

the more leached amylose the stickier the pasta is. The larger protein polymers also make the 

gluten network stronger and this result in an increased firmness in the cooked pasta.  

Microwave technology is also successfully used to dry macaroni and other small pasta shapes 

(Kulp & Ponte, 2000). The drying time for these shapes is less than 2 hours and the 

advantages are, besides reduced drying times, improved product color and cooking quality as 

well as reduced microbiological growth and operating costs.  

After these three manufacturing steps it is time for packaging (Kulp & Ponte, 2000). There are 

many different shapes of packages and they are designed to keep the product free from 

http://www.nydailynews.com/money/2009/01/26/2009-01-26_where_pastas_die_is_cast.html
http://www.nydailynews.com/money/2009/01/26/2009-01-26_where_pastas_die_is_cast.html
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contamination, protect it from moisture, make the product more ”attractive” and convey 

information of the product to the consumer. Polyethylene bags or cardboard boxes are the 

most common materials used as pasta packages.  

 

2. OBJECTIVE 

The aim of this project was to develop a proper method to quantify differences in pasta 

quality, with focus on texture. This kind of method can then be used to optimize product 

development and control. The pasta quality was measured with a texture analyzer from 

TexVol Instruments, an instrument that has been successfully used for measuring bread 

texture. 

 

3. MATERIAL AND METHODS 

In this chapter it will be explained what kind of pasta that was used, how the measurements 

were performed and how the texture analyzer works.  

3.1 Pasta brands. 

It was determined that pasta from three different brands was going to be used in the study. 

These were: Kungsörnen spaghetti, Luigi Tomadini spaghetti 5 and De Cecco spaghetti 12. 

Kungsörnen spaghetti is made of 50 % durum wheat and 50 % wheat with high protein 

content and the other two pasta brands are made of 100% durum, see table 1 for additional 

information. The pasta from Kungsörnen and Tomadini had a similar price at the grocery 

store whereas De Cecco had a higher price. The pasta from De Cecco has a reputation to be 

high quality pasta at a good price. De Cecco pasta is also slightly thicker, about 3 mm in 

diameter And the other two brands have a diameter of 2 mm 

Table 1. Additional information of the three pasta brands. 

Pasta Content % durum Optimal Cooking time (min) Price Protein content  % 

Kungsörnen 50 8  19 sek/kg                              12  

De Cecco 100 12  32 sek/kg                              13 

Tomadini 100 7  22 sek/kg                              12 

 

3.2 Texture analyzer TVT-150 XP. 

Different texture analyzers are quite common in the food industry especially in bakery, diary 

and meat industry (TexVol, Johan Bjurenwall). In this work, the pasta quality is measured 

with TexVol TVT-150 XP from TexVol Instruments, see Figure 5 and appendix 1. It is a 

texture analyzer that with the assistance of a 72 mm cylinder probe will measure the texture of 
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the cooked pasta. TVT-150 XP measures elasticity, resilience, hardness, adhesiveness and 

other parameters of the pasta that is placed in an aluminum cup, as shown in figure 6.  

 

 

Figure 5. This is how the Texture analyzer TexVol TVT-150 looks like. It´s assisted with a 

computer.   

 

 

Figure 6. Close-up picture of the TVT-150 and the aluminum cup. 

It should be pointed out that the TVT-150 is primarily designed to measure bread quality; 

therefore pasta measuring in the aluminum cup requires a special settlement so that the 

cooked pasta won´t “float” away. 
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3.2.1 How to measure the quality parameters 

At this time there are not so many approved methods to evaluate pasta quality with a texture 

analyzer so the development of a functional pasta quality evaluating method has been in large 

part a study in trial and error. My supervisors and I have had many discussions and ideas 

about how we can design this quality evaluating method and I have tried many different ways 

of measuring the pasta.  In this work, the focus is on the quality parameters hardness, 

elasticity, resilience and adhesiveness, which will be explained and defined in the following 

text. These parameters were chosen because they are relevant for pasta texture and, what is 

more, they were the parameters that the texture analyzer could measure. . Figure 7 shows how 

the parameters can be obtained from the Force-Distance diagram.   

Hardness 

Pasta hardness is determined as the peak force of the compression (TexVol Instruments), the 

unit of hardness is gram, g. The unit g is universal in these types of instruments and in the 

food industry, that’s why the unit g is used. It measures the force when the right levels of the 

instrumental settings are obtained. 

Elasticity 

Elasticity can also be called viscoelastic stress relaxation and it is defined as the decrease of 

stress with time in a strained material (TexVol Instruments). The pasta is compressed to a 

beforehand decided distance and then held at that compression while changes in forces in the 

pasta are measured. This will give a value of how elastic the pasta is. The elasticity has unit 1 

because it measures the ratio between two forces, these are: peak force when the probe goes 

down and the force that tries to push up the probe whilst this is standing still.  

Resilience  

Resilience is the value of how well the pasta can regain its original form/structure in the cup 

(TexVol Instruments). Resilience can be determined by calculating the area during the 

withdrawal of the compression divided by the area of the compression as shown in figure 7. 

Resilience has unit 1 as it is measured as a ratio between two areas. 

 

Adhesiveness 

Adhesiveness is a measure for the force that is needed to pull the probe away from the pasta 

(TexVol Instruments). This is a difficult parameter to measure for pasta because sometimes 

pasta straws are stuck to the probe and if this happens you are just measuring the number of 

straws attached to the probe. Adhesiveness can be calculated from the area 3 in figure 7.  
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Figure 7. The diagram shows how the different quality parameters are calculated (TexVol 

instruments).    

 3.2.2 Test method 

There are two types of test methods on the texture analyzer; these are single cycle and hold 

until time. In the single cycle method the probe goes down in the aluminum cup and then right 

up again as shown in figure 8. Many quality parameters such as hardness, adhesiveness and 

resilience can be obtained at the same time using the single cycle method.  
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Figure 8. Shows how a normal Single cycle looks like.  

“Hold until time” method is constructed so that the probe goes down in the cup 

(compression), it is held down for a period of time that is predetermined (relaxation)and then 

the probe goes up again (withdrawal) .The measuring cycle is shown in figure 9.  

 
Figure 9. Shows how a normal Hold until time cycle looks and its three different phases 

during the measurement.  

All the measurements were made with both the Hold until time and Single cycle.   
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3.3 Developing the method. 

The method development process is central in this work, and it includes several subsequent 

steps as shown in figure 10. 

 

Figure 10. An overview of the different phases in the method development. 

In step one it was important to find out how much pasta that was needed in each measurement 

in the texture analyzer. The next step was about what is the optimal way to cook pasta. Step 

three was to test different probes, two different types of probes were tested. In step five, six 

and seven the optimum settings of the texture analyzer were evaluated. The last step was to 

decide which type of pasta was to be used in this study. 
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4. RESULTS 

In this chapter, the results of the method development procedure will be reported. These are 

among others amount of pasta, cooking procedure and instrumental settings. After that the 

result from the measurement of different parameters such as hardness, resilience and elasticity 

from the two different methods, single cycle and hold until time are reported.  

4.1 Amount of pasta  

First 70 g of dried pasta was tested but that was too much because the volume of the pasta 

increased while cooking. Then other lesser amounts of dried pasta were tested, and finally 45 

g was determined to be the optimum amount to continue measurements with, see table 2. The 

selection was made by visually estimating the volume of cooked pasta in the aluminum cup. It 

was important that the volume wasn`t too much because this may cause that: s hardness value 

measured by the TVT-150 XP would be more than its maximum value. What is more, there is 

no sharp lower limit of pasta volume 45 gram dried pasta in the aluminum cup was when the 

cup was around half full.   

Table 2. Shows different amounts of dried pasta that were tested. The test was made by 

visually estimating the volume of cooked pasta in the measuring cup.  

Amount of dried pasta /g 25 35 45 55 65 70 

Optimal visual estimate No  No Yes No No No 

 

4.2 Cooking procedure  

In the next step, 45 g of dried pasta was weighed on a scale, the pasta was broken in the 

middle and placed in a pot with 8 dl of boiling reagent grade water. The pasta was cooked 

without lid and was cooked as long as the recommended cooking time. Then the pasta was 

placed in a colander for eduction before it was placed in the aluminum cup. Different times 

for eduction were tested and most of the measurements were made after 2.5 min eduction, see 

table 3. The selection was made by visually estimating the pasta characteristics. After 2.5 

minutes eductions time the pasta was a little dry on the outside but not yet cold. This was also 

an adequate estimation because it allowed a reasonable time to get the sample ready for the 

measurement. After the eduction the cup was placed in the texture analyzer and the 

measurement was started. 

 

Table 3. Shows time for eduction in minutes that where tested. The selection was made by 

visually estimating the pasta characteristics. 

Time for eduction  min 1.5 2 2,5 3 4 5 

Optimal visual estimate No  No Yes No No No 
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4.3 Probe testing 

The diameter of the aluminum cup was 76 mm and at first a probe with the diameter of 60 

mm was used. After a while it was obvious that this probe was too little because the pasta was 

pushed against the walls of the aluminum cup so that the test result became incorrect. 

Therefore a new probe with the diameter of 72 mm was ordered from TexVol. This probe was 

working better and the rest of the measurements were done with this probe. All results and 

discussion are based on the measurements with the 72 mm probe. 

Because pasta is a non-homogeneous food there are some difficulties when measuring the 

pasta in a texture analyzer. It is because of the pasta straws will fold themselves in random 

ways each time they are placed in the aluminums cup. When the pasta is placed in the 

aluminums cup some air will be trapped between the straws which will also influence the 

result. Therefore measurements were also made with pasta covered with water but this 

method was not adequate because no results of adhesiveness could be obtained. 

4.4 Instrumental settings  

The crucial instrumental settings that were optimized during the development procedure were: 

test speed, trigger force and compression. 

Test speed 

One important setting is the test speed of the probe. If the test speed is too high the pasta has 

no time to reposition itself and the air between the pasta straws has no time to escape. All 

measurements were made with a test speed of 0,5 mm / second, that was found to be the 

maximum speed that allows the air to be removed from the pasta structure. It is possible to 

use a lower test speed but then the whole measurement takes too long time. 

Trigger force 

Another important setting of the TVT-150 XP is the trigger force.  This means that the 

instrument will start the measurement when it senses the predetermined force from the pasta. 

When the predetermined force is attained, the probe will go down until the predetermined 

compression in the cup is reached. All measurements had a trigger force of 500g. This is quite 

much but on the other hand perhaps some bias will be eliminated. 

Compression 

The compression of the pasta is also an important setting during the measurement. The aim of 

this setting is to emulate the same compression that is applied when chewing the cooked 

pasta. If the compression is too small the result of the measurement does not correspond to the 

chewing compression, and if the compression is too big the pasta will be pushed up against 

the wall of the aluminum cup which will make the result of the measurement incorrect 

because some pasta “escapes” the measurement.   

4.5 Kungsörnen pasta in single cycle mode 

The cooking time for Kungsörnen spaghetti was varied and the cooked pasta was measured 

with the single cycle method. Kungsörnen spaghetti has its optimum cooking time at 8 
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minutes. This measurement was done in order to study how the different parameters change 

when the cooking time changes. With the single cycle method the three parameters, hardness, 

adhesiveness and resilience can be measured and the results are reported in the next sections. 

4.5.1 Hardness 

Hardness was measured for the same pasta but at different cooking time. The pasta was 

cooked between 5-14 min and the results are shown in figure 11 as well as in table 4.  

 

 

Figure 11. Kungsörnen pasta with different cooking times, optimum cooking time is 8 min. 

Table 4 Kungsörnen pasta cooked at different time, optimum cooking time is 8 min. 

Cooking time/min 5 6 7 8 9 10 11 12 13 14 

Hardness mean value 

/(g) 2728 3293 4117 4692 4585 4874 5749 6201 10688 9515 

Standard Deviation 

(SD)/g 210 337 528 67 436 184 1221 1659 3345 3843 

 

The results show that the hardness increases gradually from cooking time 5 to 8 minutes, 

stays quite constant between cooking time 8-10 minutes and after that the hardness increases 

with a maximum at cooking time 13 minutes. It can also be noted that the results show the 

lowest standard deviation at the cooking time 8 minutes, which is also the recommended time. 

4.5.2 Adhesiveness 

The adhesiveness was measured for the same pasta but at different cooking time. The results 

are shown in figure 12 and table 5.  
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Figure 12. Kungsörnen pasta cooked at different time, optimum cooking time is 8 min. 

Table 5. Kungsörnen pasta cooked at different time, optimum cooking time is 8 min. 

Cooking time/min 5 6 7 8 9 10 11 12 13 14 

Adhesiveness mean 

value  64,6 43,1 39,3 37,8 31,5 50,2 50,7 65,2 119,1 99,2 

SD 27,2 16,6 35,7 18,2 5,1 16,5 19,4 29,8 44,1 86,2 

 

The values of the adhesiveness measurement are quite high when the pasta is cooked for just 

5-6 minutes, then stable between 7-9 minutes before the value increases with its maximum 

value at 13 min. The fairly large standard deviations can be related to that it was difficult to 

make reproducible measurements. 

4.5.3 Resilience 

The results of the resilience measurements can be seen in figure 13 and table 6. The results 

are lower at the beginning and then they rise a little before they are more or less stabile. 
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 Figure 13. Kungsörnen pasta cooked at different time, optimum cooking time is 8 min. 

Table 6. Kungsörnen pasta cooked at different time, optimum cooking time is 8 min. 

Kungsörnen (min) 5 6 7 8 9 10 11 12 13 14 

Mean value (g) 0,37 0,41 0,47 0,49 0,49 0,49 0,5 0,49 0,48 0,45 

SD 0,02 0,01 0,02 0,01 0,01 0,01 0,01 0,02 0,03 0,08 

 

The obtained values are quite constant over cooking time range. The pasta cooked for 5-7 min 

is still quite hard so the resilience of these pasta straws is less than for the pasta cooked 

between 8-12 min. The pasta that is cooked for 13-14 min has a lower resilience value than 

the pasta cooked for 8-12. The value for SD is quite low when measuring this parameter.  

4.6 Results for Single cycle tests for three different pastas 

After the measurements with Kungsörnen pasta were done, measurements were also made on 

De Cecco- and Tomadini pasta. The different pasta were prepared by using their respective 

optimum cooking time which was 12 min for De Cecco, 7 min for Tomadini and 8 min for 

Kungsörnen pasta. Measurements were done 2, 6, 10, 14 and 19 minutes after the pot was 

taken from the stove. These measurements were done in order to study what happens with 

hardness, adhesiveness and resilience for the three different pasta brands over time.  

4.6.1 Hardness, Single cycle  
As shown in figure 14 and table 7, the value of the hardness decreases with time for all of the 

three pasta brands. The De Cecco-pasta has the highest value whereas Kungsörnen and 

Tomadini have more or less the same value.  

0

0,1

0,2

0,3

0,4

0,5

0,6

0 5 10 15

R
e

si
lie

n
ce

Cooking time (min)

Resilience

Resilience



28 
 

 

Figure 14. The hardness of three different type of pasta cooked at their optimum cooking 

time. 

Table 7. The hardness of three different type of pasta cooked at their optimum cooking time. 

Kungsörnen 

resting time/ min 2 6 10 14 19 

Hardness mean 

value /(g) 4451 3345 2831 2633 2858 

SD 611,1 226,8 293,9 62,6 150,6 

      

Tomadini (min) 2 6 10 14 19 

Mean value (g) 3836 3058 3025 2727 2683 

SD 157,3 71,7 197,6 121,9 96,6 

      

De Cecco (min) 2 6 10 14 19 

Mean value (g) 4590 3 763 3 246 3 068 3 089 

SD 312,9 301,1 158,8 155,8 136,9 

 

4.6.2 Adhesiveness, single cycle 

The adhesiveness for Tomadini and Kungsörnen pasta increases with time see figure 15 and 

table 8. This can be related to the fact that the pasta tends to become stickier with time. The 

De Cecco pasta has also increasing adhesiveness with time until 14 minutes of rest and after 

that the values decrease. 
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Figure 15. The adhesiveness for three different type of pasta cooked at their optimum cooking 

time. 

Table 8. The adhesiveness for three different type of pasta cooked at their optimum cooking 

time. 

Kungsörnen 

resting time/min 2 6 10 14 19 

Adhesiveness 

mean value  24,3 433,6 1 259,9 2 094 3 976 

SD 15,2 151,4 630,3 287,8 353,5 

      

Tomadini (min) 2 6 10 14 19 

Mean value (g) 43,6 815,1 1 875 2 234,1 6129 

SD 33,7 78,5 236,2 878,7 436,4 

      

De Cecco (min) 2 6 10 14 19 

Mean value (g) 41,3 199,5 753 2873 2716 

SD 28,3 122,3 259,1 878,2 634,1 

  

4.6.3 Resilience, Single cycle 

All parameters for single cycle measurements are measured at the same time so that’s because 

the diagram for adhesiveness and resilience are so similar but on a reversed way, however   

the results of the resilience measurement can be quite similar to the reality. As shown in 

figure 16 and table 9 all results for resilience is fairly uniformly decreasing with time besides 

the last measuring of De Cecco pasta. The last value for the Tomadini pasta is even below 

zero. 
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Figure 16. The resilience for three different type of pasta cooked at their optimum cooking 

time. 

Table 9. The resilience for three different type of pasta cooked at their optimum cooking time. 

Kungsörnen 

Resting time/min 2 6 10 14 19 

Resilience mean 

value  0,5 0,42 0,3 0,19 0,01 

SD 0,012 0,015 0,075 0,031 0,059 

      

Tomadini (min) 2 6 10 14 19 

Mean value (g) 0,46 0,34 0,22 0,18 -0,23 

SD 0,015 0,015 0,036 0,085 0,068 

      

De Cecco (min) 2 6 10 14 19 

Mean value (g) 0,54 0,48 0,39 0,14 0,16 

SD 0,006 0,026 0,033 0,111 0,073 

 

4.7 Hold until time. 

After the single cycle measurements were done, similar measurements with the hold until 

time-mode were made on the three different pasta brands. These measurements were done 

because all parameters could not t be measured with the single cycle mode. The parameters 

that were measured with hold until time-mode were hardness and elasticity. Another reason 

why the method hold until time was used was that the repeatability and standard deviation of 

the results were not satisfying when the single cycle method was used. 
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During the Hold until time mode the pasta is first compressed to 28% of its height before the 

probe reaches a resistance of 500g. When this is done the probe stands still for 20 s during 

which time the pasta is relaxed. After this the probe goes up again and the pasta can return, if 

possible, to its original form. This isn´t likely to happen because the pasta straws are more 

attached to each other than before the measuring these three phases are shown in figure 9. 

4.7.1 Hardness, Hold until time. 
The different pasta brands indicate similar hardness in these measurements. What can be seen 

is that the hardness for De Cecco is slightly higher the first 10-12 minutes, which is shown in 

figure 17 and table 10. 

 

Figure 17. The hardness for three different type of pasta cooked at their optimum cooking 

time and measured with the Hold until time method. 

Table 10. The hardness for three different type of pasta cooked at their optimum cooking time 

and measured with the Hold until time method. 

Kungsörnen (min) 2 6 10 14 19 

Mean value (g) 1 374 1 166 1036 1 006 971 

SD 71,9 40,2 47,9 65,6 76,7 

      

Tomadini (min) 2 6 10 14 19 

Mean value (g) 1 304 1128 1 035 1036 1 047 

SD 66,8 53,1 45,2 52,9 62,1 

      

De Cecco (min) 2 6 10 14 19 

Mean value (g) 1 648 1 252 1156 1 066 1 011 

SD 104,7 71,9 108,7 47,3 57,8 
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4.7.2 Elasticity 

Elasticity is another word for viscoelastic stress relaxation. In this measurement the pasta is 

compressed to a certain distance and held at that compression. Under this time the changes in 

force can be measured. When looking at figure 18 and table 11 it can be seen that the 

elasticity is decreasing with the resting time.  

 

Figure 18. The elasticity for three different type of pasta cooked at their optimum cooking 

time and measured with the Hold until time method. 

Table 11. The elasticity for three different type of pasta cooked at their optimum cooking time 

and measured with the Hold until time method. 

Kungsörnen (min) 2 6 10 14 19 

Mean value (g) 0,83 0,82 0,8 0,79 0,76 

SD 0,014 0,013 0,015 0,012 0,01 

      

Tomadini (min) 2 6 10 14 19 

Mean value (g) 0,82 0,81 0,8 0,78 0,75 

SD 0,01 0,01 0,013 0,014 0,037 

      

De Cecco (min) 2 6 10 14 19 

Mean value (g) 0,85 0,84 0,81 0,79 0,78 

SD 0,005 0,013 0,01 0,014 0 
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5. DISCUSSION  

In this chapter, the results from measurements with the TVT-150 XP instrument are evaluated 

and discussed.  

5.1 Kungsörnen pasta in single cycle mode 

5.1.1 Hardness 

The obtained results for hardness may not be so relevant for the texture experience due to the 

fact that they were mostly measured on pasta that was not cooked at optimal cooking time. 

However, these results are interesting as they show how the hardness changes along the 

cooking time. It should be noted that the obtained results are based on the same amount of 

cooked dried pasta, so when the cooking time increases the volume of the pasta also increases 

and this will change the parameters. Due to the many different parameters that contribute to 

the result, it is hard to rationalize something that is specifically relevant for the pasta in this 

measurement. Among other things, the standard deviations for the different measurements are 

sometimes as big as 40 % of the mean value. This means that this method is not especially 

reliable.  

An unexplained phenomenon is that the hardness of the pasta increases with the cooking time, 

as we would expect the opposite. Probably this is because the volume of the pasta increases 

with time and this fact interferes with the hardness measurement.  

5.1.2 Adhesiveness 

The measurements show that adhesiveness has its minimum at 7-9 minutes, which coincides 

with the recommended cooking time. The increase of the adhesiveness when the cooking time 

is longer is probably because the amount of amylose leaking out from the starch granule, 

which increases when pasta is exposed to boiling water a longer time. It is the amylose that 

makes the pasta sticky. The results of the adhesiveness measurement for pasta cooked 9-13 

min seems quite correct because you can assume that the pasta is getting more and more 

mushy and stickier when more starch leaks out.   

It´s hard to say something concrete about the values of the adhesiveness when cooking time is 

shorter because the pasta cooked for 5-7 min is quite stiff and hard to place “correctly” in the 

aluminum cup, which may cause biased results. But these values seem very aleatoric because 

the standard deviation is as big as 87% of the mean value for the pasta cooked for seven and 

fourteen minutes.  

5.1.3 Resilience 

The results of the resilience measurement show relatively good precision as shown in table 6. 

The results can also be related to the texture experience: the pasta cooked for 5-7 min is still 

quite hard so the resilience of these pasta straws is less than for the pasta cooked between 8-

12 min. The pasta that is cooked for 13-14 min has a lower resilience value than the pasta 

cooked for 8-12. This is probably because of that the pasta cooked for 13-14 min is mushier 

after been so much overcooked. An important quality parameter of pasta is that it stands for a 
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couple of minutes of overcooking, a fact that can be seen in the studied Kungsörnens pasta, 

which shows relatively constant resilience values after 8-12 minutes cooking time. 

 

5.2 Single cycle tests for three different pastas 

5.2.1 Hardness 

As shown in figure 14 and in table 7, the value of the hardness decreases with time. This is 

probably because the temperature of the pasta is still high even after the water is removed. 

After about 10-12 minutes of rest the hardness becomes constant, which may be due to the 

decreasing temperature of the pasta. The value of hardness for De Cecco pasta is a bit higher 

and that can mean three things: (1) the recommended cooking time for De Cecco is slightly 

lower compared to the other pastas so the cooked De Cecco pasta is more al dente or, (2) De 

Cecco pasta has higher quality and therefore its harder or, (3) a combination of these two. 

5.2.2 Adhesiveness 

The adhesiveness for Tomadini and Kungsörnen pasta increases with time. This can be related 

to the fact that the pasta tends to become stickier with time. The De Cecco pasta has also 

increasing adhesiveness with time until 14 minutes of rest and after that the values decrease. 

What this means is hard to tell. In de Cecco pasta the standard deviation for measurements at 

14 and 19 minutes are relatively high, this could indicate that the two last values are not 

accurate enough. The pasta from Kungsörnen seems to have the “best” plot. The strange 

results of the Tomadini and De Cecco are after 14 minutes and then hopefully you have 

already eaten the pasta.   

5.2.3 Resilience 

All parameters for single cycle measurements are measured at the same time so that’s because 

the diagram for adhesiveness and resilience are so similar but on a reversed way, however   

the results of the resilience measurement can be quite similar to the reality. As shown in 

figure 16 all results for resilience are decreasing with time except for the last measurement of 

De Cecco pasta. It is probably the same reason here that at the diagram for adhesiveness that 

the mean value of the measurement for 14 minutes is to high and the measurement for 19 

minutes is too low.  

These shown results may indicate that this method does not give reliable results when the 

instrument is used for determining pasta texture. Otherwise I think the diagram is quite correct 

because it is shown that the resilience is decreasing. The first minutes the pasta is still quite 

hot so the pasta is getting mushier because of that it is still “cooking”. Then the pasta is 

getting colder and I think that the elasticity can be quite high at this point but the resilience is 

still decreasing.  
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5.3 Hold until time. 

5.3.1 Hardness 

The results from hardness measurements can mean that De Cecco has a better hardness 

quality or just the fact that pasta made in Italy has a lower optimum cooking time, in other 

words more al dente, compared to pasta made in Sweden. The Tomadini pasta is also made in 

Italy but its hardness results are similar to the Kungsörnen pasta. This can mean that 

Tomadini pasta has a lower hardness quality or just a higher optimum cooking time compared 

to other Italian pasta. Another thing that can be very important in this measurement is that the 

De Cecco pasta has higher protein content than the other two pasta brands. The De Cecco 

pasta has 13 % protein whereas Tomadini and Kungsörnen have 12% protein each. As I wrote 

in my introduction higher protein content enhances the pasta cooking quality. One thing that 

also can influence the results is the ratio between the different sizes of subunits of glutenin but 

those types of discussions are just speculations as this kind of experiments were not included 

in the present study. 

 The results of SD in these measurements are as its highest 8% of mean value. The results for 

the measurements of hardness in both single cycle- and hold until time- mode are very similar 

but on different levels in hardness. This is probably because that the methods have different 

ways to calculate the hardness values. 

 

5.3.2 Elasticity 

Elasticity is another word for viscoelastic stress relaxation. In this measurement the pasta is 

compressed to a certain distance and held at that compression. Under this time the changes in 

force can be measured. When looking at figure 18 it can be seen that the elasticity is 

decreasing with the resting time. This is probably true because the pasta is getting colder and 

therefore becomes less elastic. Another reason can be that the pasta becomes stickier with 

time and therefore the pasta straws are more adhered to each other and, consequently, pasta 

shows lower elasticity. 

The result of this work is quite hard to summarize. Some seem to have higher accuracy and 

precision as they are in the resilience measurements but other results are more scattered and 

therefore it is more difficult to draw conclusions. 

I think that some part of this problem is related to the fact that the computer software for the 

TexVol instrument is not primarily t designed for pasta measurements. Another part of the 

problem is that the pasta isn´t a homogenous material. There are many air bubbles between 

the straws and the straws are placed differently for each measurement which makes every 

measurement unique.  

With this in mind, I think that we need instruments that are more adapted for measurements of 

the pasta texture.  
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But if we look at the results of the measurement for all pasta brands in both single cycle and 

hold until time I can see that the De Cecco pasta shows slightly better results. It has higher 

mean values of hardness, resilience and elasticity and lower adhesiveness results than the 

other two brands. When you have all these measurements before you I believe that you can 

say that the De Cecco spaghetti has better texture characteristics than the other two, although 

it’s hard to say why.  

One reason may be that the De Cecco pasta has higher protein content, which can be 

associated with better cooking quality. Another reason can be that the De Cecco pasta has a 

better ratio between glutenin and gliadin and the ratio between different sizes of subunits of 

glutenin. A third reason can be just that the De Cecco spaghetti is more al dente than the other 

two brands. With a more al dente structure probably the result for hardness, resilience and 

elasticity will be higher and the result for adhesiveness will be lower because when the 

cooking time is shorter there is not that much leakage from the damaged starch.  

 



37 
 

6. CONCLUSIONS  

The aim of this project was to develop a proper method to quantify differences in pasta 

quality, with focus on texture. I think that I’ve come up with some good ideas and some of the 

steps in the method seem to be quite promising.  For example step one, two, three, four and 

five. These steps are on the other hand quite simple to find an answer to after all the 

measurements that are done. 

I don’t think that my scattered results are dependent upon these first five steps. Step six and 

seven may need a little more research. The instrument settings that were used in these steps 

are satisfactory but they may be optimized.  

In step eight I picked three pasta brands and these are diverse pastas. Kungsörnen is done with 

50/50 durum/hard wheat and it is inexpensive like the Tomadini pasta that is done with 100% 

durum. The De Cecco pasta is premium pasta with 100 % durum and is considered very good 

pasta at a reasonable price.  

With all this in mind I can conclude most probably this type of equipment that was used is not 

optimal for texture analysis of pasta. In other words, I believe that it is very important to 

construct a new way of measuring the pasta, perhaps a kind of method where you can make 

the measurement using just a few straws. Another important thing that can help to get better 

measurements is to develop computer software that is more targeted for pasta. The one that 

was used in this work was more adapted for bread. A new more user-friendly and pasta 

targeted version of the software is under construction so hopefully the new one is better.  

It could also be very interesting to do an organoleptic evaluation on the measurements to see 

if the differences in the results also can be found in the organoleptic test. With this it could be 

tested if the measured results are reliable. 

It would also be interesting to look at the gluten network in an electron microscope. With this 

information I think it´s easier to understand what’s happening during cooking and what role 

the gluten network plays in optimum cooking quality.  
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Figure 7:  TexVol Instruments. Texture Analyzer, User`s Guide, version 3.8.0. Viken, 

Sweden.   

 

Appendix 1 

TexVol Instruments is a company located In Viken, Sweden (TexVol, 2009). TexVol is 

specialists in developing analytical instruments for the food industry. Urban Girhammar 

founded the company when he did his PhD thesis and realized that there were no reliable 

methods for measuring volume on dough and bread. TexVol introduced its first volume of 

measuring instrument in the year 2000 and the company is now working on different 

developments of present instruments that will assist the food industry even more (TexVol, 

2009). Lantmännen R&D and TexVol work in close collaboration, if and when there are 

problems with the texture analyzer. In this project work Veronika Hedenberg was assisting.  
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