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Abstract 

 

Local or regional crop production is increasingly attractive to consumers due to a growing interest in 

environmental friendliness and sustainability. Heritage cereals are an example of this as they are suitable 

for organic farming. Moreover, they can also contribute to a healthy and balanced diet, which is what 

consumers are aiming for these days. For a more regular consumption of heritage cereals, it would be 

interesting to build on popular food products such as bread, pasta and biscuits. The aim of this study is to 

develop innovative recipes based on heritage cereals. To appeal to consumers, it was decided to focus on 

pasta and biscuits (shortbread and cookies). Following a design with three different cereals (Vete Helkorn, 

Ölands Vete and Kallunda Varvete Evolutionar), 12 biscuit samples and 10 pasta samples were selected 

for each type of cereal. For the biscuits, the modified ingredients were butter, flour, sugar and particle size, 
while for the pasta the modified ingredients were salt, olive oil and also particle size. Sensory and 

instrumental analyses were carried out on the samples. It can be concluded that the different types of cereals 

have an impact on sensory aspects as well as on extension. The use of the cereal Kallunda Varvete 

Evolutionar decreases the intensity of the colour and the number of visible particles in the pasta. 

Furthermore, for both biscuits and pasta, the ingredients influence many sensory attributes. For pasta, it is 

mostly the coarse particles that have an impact, while for biscuits, it is mostly the type of flour. Increasing 

the particle size of the flour increases the hardness and grittiness of the pasta. For biscuits, flour affects 

colour, thickness and many other attributes. For example, reducing the amount of flour gives a more yellow 

colour, causes a lower density and thickness and reduces the number of visible particles. However, only 

pasta is concerned by a significant impact of ingredients on texture. 
 

Keywords: heritage cereals, product development, shortbread, cookies, pasta, design, innovation, texture, 

sensory analysis 

Background 

Today, as part of a healthy and local diet, heritage cereals are increasingly attractive to consumers because 

of their nutritional and sensory properties. Indeed, these cereals make a positive contribution to the 

environment and to human health thanks to their many advantages. Among the heritage cereals, we can 

find einkorn, spelt, emmer, millet, Khorasan and many more.1 2 

 

Interested in sustainable and healthy food, consumers are increasingly turning their attention to products 

made from heritage grains. Bread, pasta and biscuits, being the most popular products, may be the products 

that could potentially be consumed most if they were made from heritage cereals.2  

Definition 

There is no universal definition of heritage cereals. This would facilitate the labelling of food products that 
have them. According to Giambanelli et al. (2013), ancient cereals are defined as “forms which are 

represented by populations not subjected to any modern breeding or selection, and sometimes retaining 

characteristics of wild ancestors, such as individual variability, height, brittle rachis, low harvest index and, 

in some taxa, hulled kernels”. For instance, they can be defined as cereals that have not been fundamentally 

changed over hundreds or thousands of years.1 

Nowadays, the consumption of modern cereals is important but decreasing in contrast to the consumption 

of heritage cereals. The differences between heritage and modern cereals are many and varied. First of all, 

there are differences in nutrition and composition. In addition, the production of these two types of wheat 

is different. Modern wheat is selectively cultivated and then refined and hybridised. Hybridisation is the 
act of crossing two different varieties of the same species.3 Ancient cereals, on the other hand, are natural 

and have not been modified over the years. Examples of ancient cereals include spelt, einkorn and emmer. 

Some grains date back thousands of years before modern wheat.1 
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All cereal based products may be based on heritage cereals. We find for example pasta, bread, cookies, 
pancakes, etc. Bread and pasta are the most consumed, at least once a week according to the study 

“Consumer Awareness, Attitudes and Preferences towards Heritage cereals”.2 These are then products that 

should be focused on for a more regular consumption of heritage cereals.  

Assets 

Heritage cereals have a number of advantages that are making them increasingly popular as part of a healthy 

diet.1 

Firstly, the higher protein, carbohydrate, mineral and vitamin content of heritage cereals compared to 

modern cereals is an important advantage. Indeed, all these elements have beneficial properties for health. 

For example, vitamins are essential for the body because they participate in growth and are involved in the 

muscular, nervous and immune systems... Secondly, heritage cereals can also have a positive impact on 

certain diseases. For example, they may be less toxic than modern cereals for people with coeliac disease. 
Celiac disease is an autoimmune disease characterized by a permanent intolerance to different gluten 

protein fractions contained in different types of cereals such as wheat, barley or rye. Ancient cereals may 

have lower immunogenic properties than modern cereals and therefore be less toxic to people with celiac 

disease. In addition, regular consumption of heritage cereals could reduce the risk of non-communicable 

diseases such as cardiovascular disease, type 2 diabetes and cancer. Finally, the heritage cereals consumed 

could protect against oxidative stress which plays an important role in the development of human diseases. 

However, for all the diseases mentioned, further research needs to be carried out in order to conclude on 

the beneficial role of heritage cereals on them.1 

 

Thirdly, modern cereals have attractive sensory properties that enable them to provide tasty and palatable 
products. For example, a sensory study showed that sourdough bread made from emmer and spelt received 

a higher score for its acidic taste than wheat bread.1 

 

Finally, heritage cereal crops are suitable for environmentally friendly and climate change resistant organic 

farming. Indeed, heritage cereals are adapted to organic production and are more resistant than modern 

cereals to certain extreme climatic conditions. Furthermore, the production of heritage cereals is mainly 

local or regional, which supports small and medium-sized farmers and millers and also allows for 

sustainability. 1 

 
Given the benefits of heritage cereals, there are many reasons to why consumers and farmers are showing 

increasing interest in them. Indeed, they offer new, tasty, locally produced and healthy products.  

Consumers   

Nowadays, the population is consuming more and more heritage cereals based foods because of their many 

advantages described in the previous section. Indeed, these foods seem to be healthy, beneficial to health 

and respectful of the environment. It has been shown that products with the claims "ancient", "natural" and 

“local” are more likely to be chosen by consumers because they tend to be locally and regionally produced.2 

 

According to a study of Swedish consumers from two different universities, spelt is the most well-known 

heritage grain variety, unlike Halland wheat. It is increasingly found in bakeries and pastry creations. 

Nevertheless, it has been shown that knowledge of cereals differs according to geographical location.2 
 

In general, consumers place a high value on the texture and taste of foods containing heritage grains. 

However, factors such as age and gender influence consumer attitudes and preferences.  For example, 

women are more interested in the origin of cereals and prefer to consume foods containing wholemeal flour 

than men. In addition, a study also showed that age influences attitudes toward heritage grains. Older people 

are more likely to spend more on heritage grain foods.2 
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Product development  

 

Market trends are changing very quickly and so are consumer expectations. It is therefore important to 

innovate as much as possible. Product development involves several methods. In this case, it was decided 

to create designs for shortbread, cookies and pasta.  

 

First of all, a design4 is a set of recipe variations to understand how the ingredients influence the product 

together. To do this, "high" and "low" levels were selected for some of the ingredients chosen in the pre-

tests. The levels should "stretch" the design so that we can still tell that it is a product (e.g. a cookie), but it 
does not necessarily have to be a good cookie. In addition, these "high" and "low" levels should be 

symmetrical to the normal value of the recipe.  

Analysis of products 

 

To study our products, several analyses can be carried out: sensory analysis, texture analysis and color 

measurements. In the following studies on the development of gluten-free pasta and biscuits5 6, sensory 

analysis, texture analysis and color measurements have been used.  

  Sensory analysis  

 

Sensory analysis7 is an analysis of products that requires the use of the human senses. This allows us to 

discover the influence of the different ingredients in the product as well as the different cereals on different 

attributes describing visual appearance, aroma, taste and texture. 

 

In view of the current health situation related to Covid-19, it was decided to use a consensus method bases 

on the traditional “flavour profile method”7, which involves several steps.  

 

Prior to evaluating the samples, attributes describing visual appearance, aroma, taste and texture were 

discussed for evaluation on the products. A consensus was reached on the definition of each attribute.  

 
In a second step, each extract was examined one by one by rating each attribute on an intensity scale from 

0 to 100, where 0 = no intensity and 100 = the highest possible intensity. Each assessor was asked to 

consider the positioning of each attribute along the intensity axis. Then, after discussion, a consensus was 

to be reached to determine a single intensity value for each attribute.  

 

Each assessor signed up for participation after being informed about the products and the terms of 

participation: voluntary participation, freedom to leave the test without giving a reason and the right to 

decline to answer specific questions.  

  Texture analysis  

 

Texture analysis was used to determine the influence of the different ingredients and grains on the 

extension, compression and rupture of the doughs and finished products from the design. 

 

During compression, the deformation was measured in mm. It corresponds to the change in size or shape 

of the dough. 8 The final load of compression and extension was measured on both doughs and pasta. It 
refers to the force, in Newtons, required to break the dough or the final products. 

Following the compression analysis, the adhesive force was obtained. When the dough is in contact with a 

surface, adhesive forces act on it. They refer to the forces of attraction between the different surfaces to 

make the dough rise when measuring the compression.9 
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Finally, the rupture load was obtained and used only for biscuits. It corresponds to the force, in Newton, to 

break shortbread and cookies.  

  Colour measurements  

 

The colour analyses provided information on the impact of the cereals and ingredients of the final products 

on the colour of the product. Following the color measurement, three values are obtained: L*, a* and b* 

which belong to the chromatic space called CIELAB. The L* corresponds to the brightness or luminosity, 

it takes values between 0 (black) and 100 (white). The parameter a* represents the value on a green → red 
axis while the parameter b* represents the value on a blue → yellow axis.10 

Aim  

 

To develop innovative recipes from heritage cereals that would appeal to consumers, it was decided to 

focus on pasta and biscuits. In addition to the visual assessment of the final product, sensory and texture 

analyses were performed.  

 

Research questions 

• Does the use of different heritage cereals have an impact on the texture, taste and visual appearance 

of the products developed?  

• How do the common ingredients in a recipe influence the texture and sensory aspects of the final 

products?  

Materials and Methods 

Materials 

Pre-trials 

 

In a first step, pre-tests were conducted to observe the impact of each ingredient in the different recipes. 

They will then be used to produce the designs. To do this, the recipes were run many times, changing the 
quantity of one or more ingredients each time. So, Ingredient levels 1 and 2 were found in order to select 

those that work. In this case, industrial flour bought in the supermarket was used. Then the visual 

appearance, taste and texture of each final product were noted on a table. The results of the pre-tests can 

be found in Appendix 1. 

Design  

 

In a second step, designs for the pasta and biscuits were made.  

A design was made by choosing 10 recipe variants for fresh pasta, 6 for biscuits and 6 for shortbread. To 

check whether the variations are feasible, they were made using the heritage cereals that we milled into 
flour from cereal kernel. Indeed, a heritage cereal flour was used to make the designs to confirm the recipes 

and thus the "low" and "high" levels defined previously. The design tests for the cereal Ölands Vete can be 

found in Appendix 2 and Appendix 3 for Vete Helkorn. 
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Biscuit design 

 

Shortbreads 

 

For the design of the shortbread, 6 recipes were chosen which gave different final products in the pre-tests. 
Among these 6 recipes, the following were used: the normal recipe, a recipe in which the amount of butter 

has been increased, a recipe in which the amount of butter has been increased and the amount of sugar has 

been decreased, a recipe in which the amount of butter and flour has been increased, a recipe in which the 

amount of sugar has been increased and the amount of flour has been decreased, and finally a recipe in 

which the size of the flour particles has been increased. These 6 recipes were made with the three types of 

cereals, which equals 18 final samples. 

A decision was made to vary the amount of sugar and butter by 50 grams and to vary the amount of flour 

by 100 grams from the amount specified in the normal recipe. For example, in the case of the recipe in 

which the amount of butter was increased from 75 grams to 125 grams, see table 1.  

 
 

 

 

 

 

 

 

 

 

 
 

 

 

In the table, the coloured boxes correspond to the quantities that have been modified from the original 

recipe. 

 

After making this design with flour from the three heritage cereals, it was confirmed that the results were 

as expected.  

 

Cookies 

 

To make the design of the biscuits, 6 recipes were kept from the pre-tests. Among these 6 recipes, the 

following were used: the normal recipe, a recipe in which the amount of flour was decreased, a recipe in 

which the amount of butter and sugar was increased, a recipe in which the amount of butter and flour was 

increased, a recipe in which the amount of butter and flour was decreased and finally, a recipe in which the 

size of the flour particles was increased. These 6 recipes were made with the three types of cereals, which 
equals 18 final samples. 

 

However, as a result of designing with flour from heritage cereals, some of the resulting recipes did not 

meet expectations. For example, the dough in which the amount of flour was reduced could not be used. It 

was therefore decided to replace it with a recipe in which the amount of sugar was increased. Also, when 

the recipe with less flour and butter was made, the biscuits were very flat and sticky. They didn't look like 

biscuits. It was therefore decided to change the quantities, which resulted in products that can be considered 

as biscuits.  

 

As a result of these changes, a new design with 6 recipes was obtained. These 6 recipes include the normal 
recipe, a recipe in which the amount of sugar has been increased, a recipe in which the amount of butter 

and sugar has been increased, a recipe in which the amount of butter and flour has been increased, a recipe 

Table 1 : Design of the shortbreads 
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in which the amount of butter and flour has been decreased and finally a recipe in which the size of the 

flour particles has been increased.  
 

In this new design, the amount of butter and sugar varies by 25 grams and the amount of flour by 70 grams, 

see Table 2.  

 

 

 

 

 

 

 

 

 

 

 

Fresh pasta design 

The fresh pasta design includes 10 recipes previously tested in the pre-test and giving correct final products. 
Among these 10 recipes, the following are used: the normal recipe, then a recipe where the amount of salt 

has been increased, another where the amount of salt has been increased even more, then a recipe where 

the amount of olive oil has been increased and a recipe where the amount of olive oil has been increased 

more.  

Then four recipes varying both ingredients at the same time: one recipe where the amount of olive oil and 

salt were increased with the lowest levels, one recipe where salt and olive oil were increased in large 

quantities, one recipe where salt was added in small quantities and olive oil in large quantities, and one 

recipe with salt in large quantities and olive oil in small quantities. Finally, one recipe was made with large 

flour particles. It was decided to increase the amount of salt by 2g and 4g compared to the amount specified 

in the normal fresh pasta recipe. As for the olive oil, 2 tablespoons and 4 tablespoons may be added to the 
recipe compared to the normal recipe. For example, in the recipe with a lot of salt and olive oil, 4g of salt 

and 4 tablespoons of olive oil have been added to the recipe, see Table 3. 

These 10 recipes were made with the three types of cereals, which equals 30 final samples. 

The normal recipe calls for 300g of flour. A normal recipe design was tested with 300g of heritage grain 

flour. However, the dough was very floury and impossible to pass through the pasta machine. So, it was 

decided to change the amount of flour to 250g. All the recipes in the design were therefore changed to use 

250g of heritage flour, see Table 3. 

After making this design with flour from heritage cereals, it was confirmed that the results were as expected.  

Table 2: The final design of the cookies 

Table 3: The design of the pasta 
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Methods 

Sensory analysis 

In order to carry out the sensory analysis of the products in our design, the consensus method was used 

because of the current health situation. Under better conditions, i.e. in the absence of the current pandemic, 

methods with statistical analysis could have been carried out and more participants could have been 

involved in the sensory analysis. The selected sensory panel consisted of seven assessors, three of whom 

were part of the analytical panel. The sensory analysis was divided into two days: one day for the pasta and 

one day for the biscuits.  

 
During the sensory analysis, the pasta was cooked in two stages. Indeed, the day before the analysis, the 

pasta was made and pre-cooked in boiling salted water (3L of water and 3 grams of salt) for 2 minutes. 

Then, on the day of the analysis, they were cooked again for 1 minute to test them hot and thus to have a 

better overview of the taste and smell.  The pasta was served in a small individual container with a handful 

amount.  

For the cookies and shortbread, each evaluator had one biscuit to evaluate taste, appearance, aroma and 

texture. 

 

As described earlier in the background section, the consensus method was used to describe the visual 
appearance, aroma, taste and texture of the products. Definitions have been agreed for each attribute, see 

tables 4 & 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Definition of attributes for shortbread and cookies 

Table 5: Definition of attributes for fresh pasta 
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Preference assessment  

At a seminar on heritage cereals, participants had the opportunity to test some samples of cookies and pasta. 

The test procedure was as follows: participants were asked to taste the three samples offered for the two 
types of products and then to indicate their favourite sample. 

 

During the coffee break, the numbered samples were placed on a table. Participants were invited to taste 

them and then place the token corresponding to their favourite sample in a closed box. At the end of the 

coffee break, the tokens were counted. 

Texture analysis 

Texture analyses were carried out on the doughs and the final products obtained after the designs were 

made. For the pastes, extension and compression were analysed. For the final products, breakage was tested 

for biscuits while extension was tested for doughs. All measurements were performed using the Ametek 

Brookfield CTX texture analyser (US).  

The values obtained for the different indicators (peak load, deformation peak, final load, adhesive force, 

rupture load, deformation rupture) were recorded in a table. All measurements were performed three times 

to obtain better accuracy and to be able to use statistic evaluation, see Appendix 4. 

Colour analysis 

The colour was measured at 3 points on the surface of the biscuits and doughs using a colorimeter 

(Spectrophotometer CM-600d, made in Japan). The following parameters were recorded: L*, a*, b*. 

Statistics 

The data of texture analysis and colour measurements were evaluated in Microsoft Excel Version X, 

version 16.43 and mean values and standard deviations were calculated for each indicator. To identify 

significant differences between the different cereals and recipes, t-tests were performed on the resulting 

data. The results of the t-test can be found in Appendix 5. Different letters indicate a significant difference 

while identical letters imply that there is no significance.  

 

To see if there was a correlation between the texture and sensory analyses, the Pearson correlation was 

used. It was decided that a value greater than or equal to 0.7 in the Pearson test indicates a correlation. In 

addition, it was also decided to measure the correlation only between attributes that are related (e.g. between 
hardness and deformation).  
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Results and discussion 

Results 

Sensory analysis  

The values obtained in the sensory analysis were grouped into "spider web" figures. The results of the 

different products were divided by cereal (Vete Helkorn, Ölands Vete and Kallunda Vete Evolutionar) and 

by major category (appearance, aroma, taste and texture).  

  Shortbreads 

   Appearance 

  

 

 

In figures 1, 2 and 3, it can be seen that the reduction in the quantity of flour has a real impact on the various 

attributes measured: the colour is more yellow than for the other shortbreads, the thickness and density are 

lower and the number of particles is smaller.  

 

For the cereals Ölands Vete and Kallunda Varvete Evolutionar, the higher particle size leads to an increase 

in the number of visible particles. Surprisingly, this is not the case for the cereal Vete Helkorn.  

 

Regarding colour and density, the results are very different between the three cereals. It can then be said 
that the type of cereal can impact the influence of the ingredients on the different attributes.  

   Aroma 

 

 

 
 

 

 

Figures 1, 2 & 3 

Figures 4,5 & 6 
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Figures 4, 5 and 6 show that for the same recipe, increasing the sugar and decreasing the flour leads to an 

increase in the aroma of butter and caramel.  
 

Surprisingly, increasing the amount of butter in a recipe has no particular impact on the aroma. Similarly, 

increasing the particle size of the flour does not change the aroma of the product.  

   Taste 

   

 

Naturally, adding more sugar to a recipe increases its sweetness, while adding more butter results in a 

stronger butter taste. This can be seen in the figures 7, 8 and 9. Increasing the flour, on the other hand, 

decreases the sugar and butter taste and increases the cereal taste.  

 

For the same recipe, increasing the sugar and decreasing the flour results in a much more intense sugar and 

butter taste than the other recipes and a much less intense grain taste. It is the increase in butter and decrease 

in sugar combined that results in a stronger cereal taste. 

 

   Texture 

 

Blatantly, in figures 10, 11 and 12, the reduction in flour makes the shortbread fatter, chewier and stickier. 

Surprisingly, however, increasing the butter in a recipe does not make the biscuits stickier or fatter. 

Naturally, the increase in particle size makes them more easily discernible by consumers.  

 

 

 

 

 

 

   

Figures 7, 8 & 9 

Figures 10, 11 & 12 
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  Cookies 

   Appearance 

   

 

The reduction of flour in the cookie recipe has a real impact on the different attributes measured: the colour 

is more yellow than for the other cookies, the thickness and density are lower and the number of particles 

is smaller. This can be seen in the figures 13, 14 and 15. 

 

The increase in butter and flour combined results in a greater density and thickness of the cookies than 

other recipes.  

 

Naturally, particle size increases the number of perceived particles. 

   Aroma 

   

 

It is observed in figures 16, 17 and 18 that no ingredient has a real impact on the aroma. 

 

In general, the "caramel" aroma is less perceived than the "butter" aroma.  

 

The "caramel" aroma is slightly less intense when using the Kallunda Varvete Evolutionar cereal than when 
using the other two cereals. 

 

 

 

 

 

 

 

Figures 13, 14 & 15 

Figures 16, 17 & 18 
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   Taste 

   

 

Surprisingly, the results obtained in figures 19, 20 and 21 are quite similar between each recipe: a very 

intense taste in butter and sugar. Cookies with more butter or sugar are not perceived as more buttery or 

sweeter than "normal" cookies.  

 

The combined reduction of butter and flour results in a slightly more intense taste in sugar but less intense 

in cereals. 

    Texture 

 

Blatantly, the reduction in flour makes the shortbread fatter, chewier and stickier. Surprisingly, however, 

increasing the butter in a recipe does not make the biscuits stickier or fatter. This can be seen in the figures 

22, 23 and 24. 

 

Naturally, the increase in particle size makes them more easily discernible by consumers.  

  Comparison between shortbread and cookies 

Regarding visual appearance, the same results are obtained for cookies and shortbread. The decrease in 

flour and the increase in butter have a strong impact on the different attributes.  

 

However, there is no real impact of the ingredients on the aroma for cookies and shortbread.  

 

Concerning the taste, we observe a significant impact of the ingredients for the shortbread while none is 

observed for the cookies.  

 

For shortbread and cookies, the reduction in flour causes a change in texture while butter has no impact.  
 

 
 

 

Figures 19, 20 & 21 

Figures 22, 23 & 24 
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Finally, the increase in particle size has no real impact on the different attributes except for the perception 

of the particles.  

  Pasta 

Appearance 

 
 

 

 

Unsurprisingly, in figures 25, 26 and 27, for all three cereals, the increase in flour particle size leads to an 

increase in the number of visible particles and thus the intensity of the pasta colour.   

 

Surprisingly, the addition of olive oil does not influence the colour of the pasta compared to the normal 

recipe.  

 

The type of cereal used seems to influence the appearance of the pasta with high salt content. The same is 

true for pasta with a lot of salts and olive oil.  

Aroma 

 

 

 

Figures 28, 29 & 30 

First of all, figures 28, 29 and 30 show that the combined addition of salts and olive oil has an influence on 

the fresh grass aroma.  

 

Surprisingly, for all three cereals, the increase of the flour particle size has no influence on the pasta aroma 

since the values are almost similar to those of the normal recipe.   

The type of grain used influences the aroma of "old", "grain" and "starch". The aroma of the pasta does not 

depend on the added ingredients but rather on the cereals used.    

Figures 25, 26 & 27 
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Taste 

  
 

Figures 31, 32 & 33 

Surprisingly, salt was not perceived in the samples containing a lot of salt for the 3 cereals in figures 31, 

32 and 33. This can be explained by the cooking of the pasta. Indeed, they were cooked for 2 minutes the 
day before the sensory analysis and then 1min30 the same day to evaluate them hot. The NaCl dissolved 

in the cooking water which explains the absence of a salty taste.   

 

The rancidity and "cereal and flour" taste does not depend on the sample but on the type of cereal used - 

the cereals give a different taste to the pasta.  

Texture 

 
  

Figures 34, 35 & 36 

Clearly, increasing the particle size of the flour increases the grainy texture of the pasta. This can be seen 
in the figures 34, 35 and 36. 

Surprisingly, the pasta is not stickier when oil is added in large quantities for the cereals Vete Helkorn and 

Öland Vete. This is because the texture (softening and stickiness) of the pasta varies according to the type 

of cereal used and does not depend on the added oil or salt.  

The samples with larger flour particles are much harder compared to the other recipes.  
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Preference assessment 

The results of the preference assessment are shown in Table 7. The number of participants is not the same 

for pasta and biscuits because the test took place in the afternoon, which did not favour the appeal of pasta. 
 

Table 7: Results of the preference test 

For the cookies, there is a perfect equality between the cookies in which the amount of butter and sugar has 

been increased and the cookies in which the amount of butter and flour has been increased. On the other 

hand, the "normal" cookies were the least popular.  

 

With regard to pasta, it can be observed that the participants preferred the sample with a higher salt content. 

Pasta with a larger flour particle size was not appreciated.  

 

This test only allows us to know the preferences of the seminar participants. It does not allow any 
conclusions to be drawn. This would have required more than 100 participants.  

Texture analysis and colour measurements 

As previously mentioned, correlations between the texture and sensory analyses were performed using the 

Pearson test and presented in figures. All samples are included in each figure.  

  Shortbreads 

The t-test between the cereals allows us to see if the type of cereal has an impact on the texture. In the case 

of shortbread, the type of grain has no impact on compression, extension, breakage or colour. No significant 

differences were observed, see Appendix 5 (b).  

 

The t-test between the recipes allows us to conclude whether the samples differ significantly and whether 

the ingredient can be said to have had an impact on the texture. 

 
 

 

Figures 37, 38 & 39 

 Cookies Pasta 

Recipe Normal Butter + / 

flour +  

Butter + / 

sugar +  

High 

particles 

Olive oil 

++ 

Salt ++  

Number 

of votes 

1 8 8 1 4 6 
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Figure 37 shows the correlation (0,781) between the sensory analysis attribute "grainy" and the texture 

analysis compression final load for the Vete Helkorn cereal. Butter and flour content or larger flour particle 
size seem to impact the grainy appearance and compression of the shortbread. Indeed, higher values were 

observed by a higher content of the ingredients. A high content of sugar seemed to lower the graininess 

and compression value. However, following the t-test, no significant difference was observed between the 

recipes, so it is not possible to say that the design parameters have a significant impact on grainy and 

compression. 

  

Figure 38 shows the correlation (0,936) between the sensory analysis attribute "color" and shortbread 

lightness for the Vete Helkorn cereal. It can be observed that an increase in the amount of sugar and a 

decrease in the amount of flour combined can slightly impact the color and brightness as slightly lower 

values are obtained. However, the t-test does not indicate a significant difference between this recipe and 
the others and may therefore not have a significant impact on these measurements. 

  

Figure 39 shows the correlation (0,792) between the sensory analysis attribute "particles" and lightness for 

the cereal Vete Helkorn. It can be observed, as in figure 38, that an increase in the amount of sugar but a 

decrease in the amount of flour have an impact on the perception of particles and brightness. Indeed, the 

values obtained for this recipe are lower. However, the t-test does not indicate a significant difference 

which means that the ingredients do not have a significant impact on these measures. 

 

 

 

 

 

 

 

 

Figures 40 & 41 

Figure 40 shows the correlation (0,991) between the attribute "sticky" from the sensory analysis and the 

adhesive force for the cereal Kallunda Varvete Evolutionar. According to the diagram, an increase in the 

amount of sugar combined with a decrease in the amount of flour has a strong impact on the stickiness and 

adhesive force of the shortbread. The values obtained for the "sugar + / flour -" recipe are clearly higher 
than for the others. However, the impact of sugar and flour cannot be confirmed as significant on these 

parameters as the t-test does not show a significant difference between the recipes, although there is a clear 

trend. 

  

Figure 41 shows the correlation (0,911) between the attribute "colour" and lightness for the Kallunda 

Varvete Evolutionar grain. In the diagram, lower values are observed for the recipe "sugar + / flour -". A 

variation in the amount of sugar and flour would therefore affect the colour and brightness of the shortbread. 

However, following the results of the t-test, it cannot be confirmed that these two ingredients have a 

significant impact on the measured parameters.  

  Cookies 

The t-test between the cereals allows us to see if the type of cereal has an impact on the texture. In the case 

of cookies, the type of cereal only has a significant impact on extension as there is a significant difference 

between the three cereals, see Appendix 5 (b). 
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The t-test between recipes allows us to conclude whether or not the different ingredients have a significant 

impact on texture.  

Figures 42, 43 & 44 

Figure 42 shows the correlation (0,734) between the attribute "sticky" and the adhesive force for the cereal 

Vete Helkorn". The amount of butter and flour seem to impact both parameters. Indeed, an increase in the 
quantities of these two ingredients allows to decrease the stickiness and the adhesive force while a decrease 

in the quantities allows to obtain higher values of the parameters. However, the results of the t-test do not 

allow to say that the impact of sugar and flour is significant. 

  

Figure 43 shows the correlation (0,832) between the attribute "chewy" and the final load of the compression 

for the cereal Kallunda Varvete Evolutionar. It can be observed that a combined decrease of butter and 

flour can have a slight impact on the chewiness and extension as slightly higher values are obtained. On 

the contrary, an increase in particle size has an impact on the softness and compression by obtaining slightly 

lower values. However, according to the results of the t-test, it is not possible to conclude on a significant 

impact of these ingredients on the parameters. 

  

Figure 44 shows the correlation (0,710) between the attribute "grainy" and the final load of the extension 

for the Kallunda Varvete Evolutionar grain. In this figure, we can see an impact of the coarse particles on 

the grainy and the extension. Indeed, higher values can be observed. Following the t-test, it is possible to 
conclude on the significant impact of coarse particles on extension and graininess. 

 

   

Figures 45, 46 & 47 

Figure 45 shows the correlation (0,774) between the attribute "colour" and lightness for the cereal Kallunda 

Varvete Evolutionar. It can be seen from the figure that no ingredient affects both parameters. The values 

obtained are very similar. This can be confirmed by the t-test which shows no significant difference 

between the recipes. 
  

Figure 46 shows the correlation (0,778) between the attribute "particles" and a* which corresponds to the 

colours from green to red for the Kallunda grain Varvete Evolutionar. There is a very strong impact of 

large particles resulting in increased values for particle perception and colour. However, this impact is not 

considered significant following the t-test. 
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Figure 47 shows the correlation (0,719) between the attribute "particles" and b* which corresponds to the 

colours from blue to yellow for the Kallunda Varvete Evolutionar grain. As in figure 46, a strong impact 
of large particles is observed on both parameters, resulting in an increase of the values obtained. However, 

this impact is not significant according to the t-test. 

Fresh pasta 

The t-test between the cereals allows us to see if samples with different type of cereals are significantly 

different.   

 

As far as fresh pasta is concerned, significant differences can be observed between the different cereals for 

pasta extension. Thus, the type of cereal used does not have a significant impact on the compression and 

extension of the dough and on the colour of the fresh pasta, see Appendix 5 (b).  
 

The t-test between recipes allows us to conclude whether or not samples differ and thereby if the different 

ingredients have a significant impact on texture.  

   

Figures 48, 49 & 50 

Figure 48 shows the correlation (0.843) between the attribute "hardness" obtained in the sensory analysis 

and of the "adhesive force" of compression in the texture analysis for the pasta obtained with the Vete 

Helkorn cereal. The pasta containing large flour particles seems to have higher values of "hardness" and 

"adhesive force" compared to the other pasta. However, the difference is significative.  The size of the flour 

particles may have an influence on the texture on both the hardness of the pasta and on the adhesive force. 
However, when comparing with the t-test values, we do not observe a significant difference between "High 

particles" and the other recipes. Moreover, a very high amount of olive oil also influences the hardness and 

the adhesive strength since the values obtained are low compared to the values of the other recipes. The t-

test indicates that there is no significant difference, which could be explained by almost similar values of 

"adhesive force".  

 

The same results can be observed for the attribute "Hardness" and the "Final Load" of the compression 

(0.759) for Vete Helkorn cereal (Figure 49). Thus, the size of the flour particles may have an influence on 

the hardness of the pasta and the final load of the dough of the pasta. In comparison with the results of the 
t-test, the differences are significant with the doughs of the normal recipe and those with a very high amount 

of salts. However, they are not significant with pasta containing a lot of olive oil and pasta with a high 

amount of olive oil and salts. In addition, a very high amount of olive oil also influences the hardness and 

the final load since the values obtained are low compared to the values of the other recipes.The results of 

the t-test indicate that there is no significant difference between the recipes.   

Figure 50 shows the values of the attribute "Grainy" obtained in the sensory analysis of the pasta and the 

"Final Load" of the dough compression for the cereal Öland Vete (correlation: 0.763). Pastas with higher 

flour particles seem to have generally higher values than other pasta recipes. Looking at the t-test results, 

the differences are indeed significant with the other recipes. 
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Figures 51, 52 & 53 

The correlation (0.704) between the attribute "Sticky and doughy" of the sensory analysis and the "Final 

Load" of the pasta extension, with Öland Vete cereals, can be observed in figure 51. For the pasta with a 

high amount of salt and olive oil, the values are lower compared to the other recipes. Thus, the combined 

addition of salts and olive oil may have an influence on the sticky and pasty texture of the pasta as well as 

on the final load of the pasta extension. Looking at the t-test results, the differences are significant with the 

other recipes except for the normal recipe. The impact is therefore relatively significant. 

 

Figure 52 shows the correlation (0.905) between the attribute "grainy" and the final load of the pasta 
extension. Higher values for both indicators can be observed for pasta with larger flour particles. Thus, 

larger flour particles may have an influence on the grainy texture of the pasta and the final load of the pasta 

extension. The t-test values obtained indicate that the differences are significant with the other recipes 

except for the normal recipe. Thus, the impact of the large flour particles is significant.  

 

Finally, Figure 53 shows the correlation (0.907) between the attribute "Hardness" from the texture analysis 

and the dough compression deformation values for Kallunda Varvete Evolutionar cereals. It can be seen 

that the addition of salt or olive oil has a significant impact on the hardness of the pasta. Conversely, the 

deformation values during dough compression are similar. The t-test values, based on the deformation, 

indicate that the differences are not significant.  
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Discussion 

Sensory and texture analysis 

Articles "Sensory profiles of cooked grains from wheat species and varieties"11 and " Evaluation of wheat 

and emmer varieties for artisanal baking, pasta making, and sensory quality"12 presenting sensory analyses 

obtained between food products composed of different cereals show differences for all sensory aspects 

between the different cereals. Indeed, for example, in the second article cited, significant differences 

between emmer varieties for roughness, granulometry, firmness and cohesion of pasta were obtained. The 

results obtained in these articles coincide with the results obtained for pasta, since in the sensory analysis, 

differences were observable between the 3 types of cereals for each attribute. However, for biscuits, the 
type of cereal had only a slight impact on the aroma or the visual appearance of the product.  

 

For shortbreads and cookies, it was found that the reduction in flour causes a change in texture while butter 

has no impact. However, in the "A new sensory tool to analyse the oral trajectory of biscuits with different 

fat and fibre contents"13 analysis, increasing and decreasing the amount of butter plays a role in the texture 
of the biscuits, particularly in terms of their crispness and crunchiness. The flour used in this analysis is 

industrial flour. It can then be concluded that the use of heritage cereals reduces the impact of fat on the 

texture of the biscuits.  

 

Finally, the following study "Mealworms as Food Ingredient-Sensory Investigation of a Model System"14 

concluded that large flour particles have a significant impact on the sensory aspects of the products (texture, 

smell, colour). Indeed, the larger the size of the flour particles, the greater the perceived coarseness and 

crispness. This is consistent with the results obtained for pasta in the sensory analysis but not for biscuits 

(shortbreads and cookies). Furthermore, in this study, increasing the amount of salt increased the salty taste 
and increasing the amount of oil had an impact on the colour of the pasta. These results do not coincide 

with those obtained for pasta for either salt or olive oil. This can be explained by the pre-cooking of the 

pasta, carried out the day before the sensory analysis.   

General discussion 

This study has some limitations. First of all, during the sensory analysis, choices had to be made in order 

to facilitate the procedure. For example, it was decided to keep only one value following the consensus. 
Several values and replicates would have allowed a better precision and statistical analyses could have been 

applied afterwards. Indeed, in some cases it would have been better to maintain a scale rather than the 

average value. Furthermore, the sensory analysis of the pasta is questionable because it was pre-cooked the 

day before and then reheated in boiling water before analysis. This pre-cooking may alter the perception 

of certain attributes such as saltiness. Finally, few people were able to participate in the sensory analysis 

because of the current situation with covid-19. The results are therefore less representative.   

 

In a second step, the statistical analyses were only carried out using the Excel tool. This is a simple software, 

but it would have been interesting to use a specific statistical software like R-studio.   
 

Thirdly, the use of the machine to measure extension, compression and rupture was a breakthrough. Indeed, 

we had never used a machine of this type for texture analysis. We had to research how to use it and watch 

tutorials. Thus, the measurements may be questionable and should be taken with caution. 

 

Finally, the wheat milling machine was not very accurate and therefore could produce irregular flour 

particle sizes. Thus, some analyses may be disturbed by a different particle size.  
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Conclusion 

In this paper, we ask two questions:  Does the use of different heritage cereals have an impact on the texture, 

taste and visual appearance of the products developed? How do the common ingredients in a recipe 

influence the texture and sensory aspects of the final products?  

 
Firstly, regarding the shortbread, it can be said that the type of cereal used has an impact on the appearance 

of the product because the results concerning colour and density are very different between the three cereals 

used. To take one example, the "butter + flour +" sample has a much more yellow colour with the Ölands 

Vete cereal than with the other two cereals used. On the contrary, the “butter +” sample has a less yellow 

colour with this cereal.  For all other sensory aspects as well as for texture, no impact of the different types 

of cereals can be visualised. On the other hand, the ingredients only have an impact on the sensory aspects. 

Reducing the amount of flour gives a more yellow colour, causes a lower density and thickness and reduces 

the number of visible particles. It also makes the shortbread stickier, chewier and fatter. Sugar and butter 

impact the sweetness and butteriness respectively, as well as the cereal taste. Finally, naturally, the increase 

in the number of particles leads to an increase in the visible particles. So, we can see trends for sensory 
analysis as we can see trends for texture analysis. However, it is not possible to conclude on a significant 

impact of the ingredients on the textural aspects. 

For cookies, the type of cereal has an impact on the aroma of the biscuits but also on the extension. Indeed, 

the "caramel" aroma is slightly less intense when using the Kallunda Varvete Evolutionar cereal than when 

using the other two cereals. Otherwise, no impact of the cereal type on the other sensory and textural aspects 

can be observed. On the other hand, only certain ingredients have an impact on the sensory aspects. As 

with shortbread, reducing the amount of flour gives a more yellow colour, causes a lower density and 

thickness and reduces the number of visible particles. It makes them stickier, chewier and fatter. However, 

butter and sugar do not have an impact on the buttery or sweet taste. Butter also has no impact on the texture 

of the cookies measured in the sensory analysis. Finally, increasing the particle size leads to an increase in 
the number of visible particles. Pearson's correlation and t-test also confirmed the impact of large particles 

in increasing granularity and extension. Moreover, only this impact is significant, the other ingredients do 

not have a significant impact on texture, although trends can be observed. 

 

Finally, concerning the pasta, the sensory analysis showed that the type of cereal used has an impact on the 

aroma, appearance and taste of the pasta. Indeed, different values were obtained between each cereal in the 

sensory analysis, which validates this finding. For the appearance attribute, the lowest values were obtained 

with the Kallunda Varvete Evolutionar cereal. The use of this cereal reduced the intensity of the colour and 

the number of visible particles in the pasta. For the sample with a lot of olive oil, the cereal taste is increased 
with the cereal Vete Helkorn, compared to the other cereals. Regarding the aroma, the use of Vete Helkorn 

cereal in the sample with a lot of olive oil also increased the "old" and cereal aroma. The t-test values allow 

to conclude that the differences between the cereals are mainly visible during the extension of the pasta 

during the texture analysis. 

Furthermore, the ingredients have no impact on the texture and sensory aspects of the pasta except for the 

large flour particles. Indeed, during the sensory analysis, large flour particles have an impact on the texture 

(harder and more granular), appearance (larger number of visible particles) and taste (during the seminar). 

Indeed, during the seminar, the pasta sample with large flour particles corresponds to the least appreciated 

sample. An increase in particle size increased the taste of cereals and flour with Vete Helkorn and Öland 

Vete. The Pearson correlation and t-test values show that coarse flour particles have a significant impact 
on the grainy texture and on the final charge during dough compression and pasta extension. A combined 

increase in the amount of salt and oil decreased the sticky texture as well as the final load of the pasta 

extension. In the sensory analysis, this combined increase increased the fresh grass aroma. 
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Appendix 1 : Pre-tests of shortbreads, cookies and pasta 
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Appendix 2 : Testing shortbreads and pasta designs with Ōlands Vete cereal 
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Appendix 3 : Testing cookies and pasta designs with Vete Helkorn cereal 
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Appendix 4 : Results of the texture analysis for shortbreads, cookies and pasta 
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Appendix 5 : Results of the t-test for shortbreads, cookies and pasta 

a) By recipes 
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b) By cereals  
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