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Lorenzo Pini

COPYRIGHT ©
Being as we firmly believe that the sharing of information, ideas 
and knowledge can help make the world a better place, 
circulation of this magazine is not only allowed but is actually 
encouraged and incentivized. You can pass the magazine on to 
your friends and acquaintances, print it, distribute it, include a 
download link for it on your website, share it on your social 
networks and so on, as long as distribution is always without 
charge and no amendments are made to the original. 
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• Easy access for cleaning and maintenance

• Made of stainless steel AISI 304 and fully wash-down with high-pressure water and detergent

• Control panel with user-friendly interface to control the recipes and the production parameters of the machine and  

  its accessories

• Hygienic design

• Quick die change with no tools

• Lubricating system with central unit placed on the cover, easily accessible from the carter

Via Martiri delle Foibe 13

35019 Tombolo (PD) - Italy

Phone: 0039 049 7968840

Fax: 0039 049 7968841

Email: info@pastatechgroup.com

Website: www.pastatechgroup.com

PASTA
TECHNOLOGIES
GROUP

PASTA
TECHNOLOGIES
GROUP

FA Cappelletti Forming MachineFAD Ravioli Forming Machine

Filled Pasta Line

FJS300 Special Forming Machine

Filled Pasta Equipment

Description
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Patrons
 
Pastaria has obtained the patronage of the most prestigious national and international pasta 
manufacturer associations.

Pastaria patrons
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Sponsors
 
The information and professional update resources that are part of the Pastaria network 
are freely distributed without charge thanks to the collaboration and support of leading 
companies operating on an international level to supply ingredients, semi-processed 
products, equipment and systems for manufacturing fresh/dried pasta, gnocchi and ready 
meals.

Pastaria sponsors
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Main sponsors
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Leading sponsors

Sponsors

LEBEN
INGREDIENTS
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Come to Fiera Pastaria and visit the stands 

of international suppliers of ingredients, 

flavourings, semi-finished products, machinery, 
equipment, accessories and services for the 
production of pasta.
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seminars, presentations and round tables 
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programme.
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For information: info@pastaria.it

A single trade fair for
all pasta factory suppliers.

Together at the eighth 
Pastaria Festival.
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The impact of drying 
processes on the 
organoleptic characteristics of durum 
wheat pasta

1
Vanessa Giannetti, Maurizio 
Boccacci Mariani
Sapienza University of Rome

Studying the aromatic profile represents an important qualitative assessment, on the 
basis of which the thermal history of pasta can be monitored through the presence 
in the finished product of compounds formed/degraded during the drying stage. The 
objective of the research, presented at the conference Dry pasta: quality, innovation 
and technological aspects of the process, held during the Pastaria Festival 2023, is 
to identify in the flavour, through a multivariate analysis, new process and/or product 
markers capable of discriminating the products based on their heat treatment.
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Introduction
Pasta falls under the scope of Italian Law no. 580 of 4 July 1967 as 
subsequently amended and supplemented, which sets out a fundamental 
rule, specifically that durum wheat semolina and water are the only two 
ingredients used to produce dried pasta sold in Italy. The above law 
underpins the quality standards of Italian pasta, contributing to 
maintaining its international reputation as a high quality product.
While such legislation sets out very specific requirements regarding the 
quality properties of the ingredient to be used, it poses no restrictions on 
the production technologies selected for pasta-making. Nevertheless, the 
quality of the pasta, as well as the properties of the ingredients used, is 
affected by process conditions, which may impact the components of the 
semolina in a wide range of ways including, for example, altering the 
aromatic profile of the finished product or influencing the outcome of the 
competition between starch and protein during cooking. As such, the 
various types of heat treatment significantly affect the quality of the end 
product. Pasta drying processes are mainly differentiated on the basis of 
the temperature applied and the process duration, distinguishing between 
the more traditional low-temperature drying process (LT-Lt, Low 
Temperature-Long time) on the one hand, and rapid-drying processes 
involving more modern technologies (HT/VHT-St, High Temperature/Very 
High Temperature-Short time) on the other.

Drying and pasta quality
The quality of a product, as defined by UNI EN ISO standards, is 
determined by a subjective component – i.e. what the consumer wants 
(perceived quality) – and an objective component, involving a set of 
technological quality and safety criteria pursued by the industries. A third 
component also contributes to determining the "overall quality" of a 
product, and specifically direct and transparent communication between 
the manufacturer and the consumer. The inclusion of voluntary statements 
on packaging is an example of such communication. It is clear, then, that 
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product quality results from the 
coexistence and convergence of a set of 
numerous, heterogeneous factors. 
As regards pasta, the factors that most 
contribute to its subjective quality are 
appearance, consistency of colour, 
firmness during cooking, texture, and 
price; its objective quality, on the other 
hand, are determined by the type of durum 
wheat used and the manufacturing 
process conditions applied. As such, each 
of these parameters determine a different 
quality standard for the finished product.
Of all the above factors, the choice of 
production process conditions is 
undoubtedly fundamental. This is because, 
despite being a technological parameter, it 
has a significant influence on various 
aspects of the finished product including, 
for example, firmness during cooking and 
the aromatic profile which, as already 
noted, contribute to the consumer's 
perceived quality.
Alongside food safety and nutritional 
properties, governed by the relevant 
legislation and underpinning the concept 
of quality for both the consumer and the 
manufacturer, organoleptic properties can 
play an essential role in consumer 
preference for one product over another. 
This is unsurprising given, first and 
foremost, that as well as satisfying the 
palate and olfactory system, flavour also 

contributes to providing information on the 
drying processes used during production 
which, as stated above, have a tangible 
effect on the end product. 
It is generally true to state that the more 
extreme drying technologies (HT/VHT-St) 
guarantee standard product quality, 
hygiene, a long shelf-life, firmness during 
cooking, and a reduction in the costs, 
times, and size of the dryers, therefore 
offering benefits to the consumer but, 
above all, to the manufacturer. That said, 
slow drying (LT-Lt) offers other, not 
insignificant, benefits. For instance, it 
preserves organoleptic properties such as 
aroma (perceivable through taste and 
smell) and appearance (identifiable by a 
consistent straw-yellow colour, attributable 
on the one hand to preservation of the 
carotenoids, and on the other to the fact 
that the Maillard reaction does not reach 
the more advanced stages, thus avoiding 
the production of by-products that give the 
finished product its characteristic brownish 
yellow colour). It also preserves the 
nutritional properties of the product (for 
example ensuring a higher content of 
essential amino acids such as lysine, 
thermolabile vitamins, and methionine). 
Additionally, it can only be applied if the 
ingredient is of excellent quality and, 
finally, the finished product contains a 
limited number (or lower concentration) of 
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by-products of the Maillard reaction, some 
of which can be potentially harmful. Given 
the notable benefits, the use of traditional 
drying may be considered an added value 
for the end product in terms of quality.
In light of this, monitoring the drying 
process could lead to a more 
comprehensive characterisation of the 
quality of the pasta, while also making it 
possible to consider the influence of 
temperature and duration of the process 
on the organoleptic and nutritional 
properties of the end product.

The need for new quality markers
In order to ensure that the quality 
standards of a food product are met, 
parameters must be identified that can be 
monitored and measured objectively using 
common indicators and methodologies. 
With regard to pasta, traditional examples 
exist, such as colour and cooking 
performance. It may, however, be useful to 
identify new product and/or process 
quality markers, in order to also assess the 
organoleptic, nutritional, and technological 
aspects, often overlooked by conventional 
criteria. 
The literature features an increasing 
number of studies promoting innovative 
indicators – mainly selected from among 
the products of the Maillard reaction and 
the lipid peroxidation reaction – which 

affect pasta during the production process 
and, as such, may provide additional 
information with regard to overall quality. 
The role of furosine (ε-furoylmethyl-lysine), 
for example, as a heat treatment marker 
has been established for some time. 
Indeed, the latter can provide information 
both on the protein content of pasta – 
particularly with regard to lysine loss and, 
as such, the nutritional loss suffered – and 
on its AGE (advanced glycation 
end-product) content, associated with the 
onset of various conditions in humans.[1,2] 
Nevertheless, when extreme drying 
techniques are used, an estimate of 
furosine alone is no longer reliable for the 
purposes of the above assessments, as 
the Maillard reaction moves towards more 
advanced stages, and the Amadori 
products (indirectly quantified by way of an 
acid hydrolysis reaction that leads to the 
formation of furosine) transform into other 
compounds.[3,4] It is in the above context, 
specifically, that identifying additional 
markers can be helpful. Specific 
substances in the aromatic profile of 
pasta, in association with furosine and 
traditional indicators, can indeed serve as 
process markers, allowing samples to be 
distinguished based on the type of drying 
applied and, therefore, enabling the 
production process to be monitored. They 
may additionally, or alternatively, serve as 
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quality markers, providing added value to 
pasta that retain their sensory and 
nutritional qualities to a greater degree.[5,6]

The Maillard Reaction and lipid 
oxidation in pasta
The Maillard Reaction (MR) is a complex 
series of glycation processes that occur 
following the interaction between the 
carbonyl groups of reducing sugars and 
the amino groups of proteins, typically 
stimulated during heat treatment of foods.  
In the 1950s, American chemist John E. 
Hodge outlined the various processes in 
the reaction, dividing them into three 
distinct stages during which the starting 
compounds lose water molecules, 
transforming into more unsaturated 
products with the formation of combined 
systems.
The fundamental conditions for triggering 
the above reaction – and specifically the 
presence of reducing sugars and protein, 
the achievement of a high temperature and 
low water activity – are met during pasta 
production, and the MR is evident on 
various levels.  As such, the MR plays a 
fundamental role in the drying process, 
particular at the final stages when the 
percentage of water in the food decreases. 
Low-temperature, long-time treatments 
therefore generally only give rise to the 
initial stages of the MR, with the 

development of intermediate Maillard 
products that give the pasta an initial light 
colouring and notable aroma. Rapid 
drying, on the other hand, involves the final 
stage of the reaction being reached, with 
the formation of melanoidin, resulting in a 
dark yellow colour and large aromatic 
compounds, some of which may be 
unpleasant and toxic. 
An analysis of pasta produced at different 
temperatures and according to different 
drying times indicates a qualitative and 
quantitative difference between the MR 
products that develop in the flavour. Such 
products may, therefore, be effective 
candidates for use as process and/or 
product quality markers.[7]

The lipid peroxidation reaction, on the 
other hand, involves the multi-step 
chemical process in which oxidating 
agents (often reactive to oxygen) and free 
radicals attack lipids with double bonds 
(and unsaturated fatty acids in particular) 
present in the food matrix. The factors that 
encourage the reaction are exposure to 
light, availability of oxygen (air), heat and 
moisture, long storage periods, and the 
presence of organic and/or inorganic 
catalysts. This oxidative degradation 
process leads to the formation of aromatic 
compounds that give rise to unpleasant 
flavours and smells and, therefore, to the 
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deterioration of the original organoleptic 
properties, leading to loss of food quality. 
The composition (and, by extension, 
nutritional value) of dried pasta is 
determined by the ingredient and, 
therefore, by the durum wheat lipid 
content (and unsaturated fats in particular); 
as such, pasta is subject to lipid 
peroxidation. The use of low temperatures 
in the drying process – which results in a 
shorter shelf-life than higher temperatures 
– lends itself to greater oxidative 
degradation. As such, as with MR 
products, because the presence of lipid 
peroxidation products differs qualitatively 
and quantitatively in pasta dried at 
different temperatures, they may also be 
valid candidates for use as 
process/product markers.

Characterisation of flavour according to 
drying type
As mentioned previously, population of the 
flavour of pasta, and its source, will differ, 
qualitatively and quantitatively, based on 
the thermal history (and, therefore, the 
drying type) of the product analysed. 
According to studies carried out by our 
research group, pasta dried at a low 
temperature (LT-Lt) is mainly characterised 
by compounds resulting from lipid 
oxidation including, for example, hexanal, 
1-hexanol, 1-octen-3-ol, 1-heptanol, 

octanal, nonanal, 2-pentylfuran (generated 
by the oxidation of linoleic acid and oleic 
acid). As such, the characteristic classes in 
the flavour of pasta dried in the traditional 
way are alcohols, aldehydes and furanes.  
With regard to pasta dried at high 
temperatures (HT-St/VHT-St), on the other 
hand, the typical primary compounds are 
those resulting from the Maillard reaction, 
and specifically 2-furanmethanol, furfural, 
maltol, and Strecker aldehydes (e.g. 
acetaldehyde). As such, the characteristic 
classes of volatile substances in the 
flavour of pasta dried using more extreme 
methods are aldehydes, ketones and 
furanes.[8,9] The results are in keeping with 
the literature (all bibliographical references 
are included in our previously published 
works).
The experimental evidence obtained over 
the course of the studies is consistent with 
what has been outlined thus far, that 
drying under less extreme conditions gives 
rise to the development of aromas, but 
does not result in the more advanced 
stages of the Maillard reaction. This 
explains the abundance of compounds 
resulting from lipid oxidation, which occurs 
to a greater extent having not been 
blocked by the MR (and indeed, the 
shelf-lives of slow-dried pasta are shorter), 
while also explaining the limited presence 
of MR products resulting from the final 
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stages of the process (large molecules, 
often undesired). Maillard products take 
centre stage, on the other hand, in the 
flavour of pasta dried under more extreme 
conditions, in which the high temperature 
gives rise to greater progression of the 
MR, which reaches more advanced 
stages, thus blocking oxidative 
degradation.

Materials and methods
This study involved the analysis of one 
hundred samples of durum wheat 
spaghetti from five different brands (twenty 
samples per brand). The samples were 
obtained from large-scale retail 
supermarkets, and selected to ensure that 
at least ten packs from each brand came 
from different batches. The samples fall 
within the mid-range bracket available on 
the market (with prices of between € 1.50 
and € 2.00 per 500 g pack). Only two of 
the brands include information on the label 
concerning the production process 
adopted, but neither specify the stage of 
the process to which the information on 
the pack (provided voluntarily by the 
manufacturer) refers. 
Having been weighed and ground, the 
samples were analysed using GC-MS to 
determine their aromatic profile. Each 
sample was analysed in duplicate. The 

HS-SPME/GC-MS method used was 
previously developed and optimised by 
our research group.[10]

Results and discussion
This study forms part of a wider research 
project – embarked on a number of years 
ago by our working group – aimed at 
identifying new process and/or 
product/quality indicators that can 
distinguish between pasta according to 
the heat treatment used during production 
by characterising its aromatic profile and 
constructing chemometric classification 
models. In this context, the research set 
out here, which is still at an experimental 
stage, presents the status of the results 
obtained.
Following the gas-chromatography 
analysis of the samples, an initial 
qualitative assessment was performed, 
which involved drawing on the MiST (Mass 
spectrometry interaction STatistics) 
database to identify the characteristic 
compounds of the volatilome of each class 
of samples. The substances taken into 
consideration are those for which the 
probability of correct identification is 
relatively high, and specifically associated 
with an RSI ≥ 850. This enabled a list to be 
drawn up of the compounds that populate 
the flavour of each brand of pasta and, 
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where possible, each was associated with 
its source and characteristic smell, with 
reference to the literature. This phase of 
the study is still under way, however, with 
greater population planned for each class 
of samples. 
Two PLS-DA (Partial least 
squares-discriminant analysis) models 
were then constructed and validated. In 
the first model, the five classes associated 
with the five brands of pasta analysed 
were clearly separate in the multivariate 
space along the first three canonical 
variables (the directions of maximum 
discrimination), i.e. those that capture the 
dissimilarities among the samples (Figure 1 
left). An assessment of the weights of the 
variables that define the various 
components made it possible to identify 
the compounds most responsible for 
discrimination of the samples; this 
assessment indicates a very high number 
of substances responsible for the 
separation of the data.    As such, in order 
to be able to determine which among 
these substances were the most 
significant with regard to separation of the 
classes, a VIP (Variable importance in 
projection) scores analysis was carried 
out, which allows the VIP scores that 
explain how the various variables 
contribute to the discrimination to be 
assessed (phase of the study still 

ongoing). The VIP scores are scaled to an 
average value of 1: all compounds with a 
score greater than 1 represent the 
variables that most contribute to the 
discrimination of the samples; the higher 
the VIP scores, the greater the weight of 
the variable in the separation. The results 
obtained indicate that the model 
constructed can associate an unknown 
sample with one of the five brands 
considered.
A second PLS-DA model was 
subsequently constructed, this time with 
two classes: one class (class 1) consisting 
of the samples of the only brand of pasta 
analysed that expressly states on the label 
that the slow-drying production process 
has been used, and the second class 
(class 2) consisting of all other samples 
from the remaining four brands. It is 
probably fair to assume that the pasta 
from these four brands is not slow-dried, 
given that slow-drying is not mentioned on 
the label, and is a factor regarded today as 
adding value to the product. This model 
has been designed with a view to 
identifying specific markers for 
differentiating pasta dried at low 
temperatures (LT-Lt method) from those 
dried at a high temperature (HT/VHT-St). 
Figure 1(right) presents a graphic of the 
model in which the samples are shown 
along the only canonical variable capable 
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of distinguishing the data, as there are only 
two classes. The LT-Lt samples are 
situated at the top, beyond the border 
between the two classes, corresponding 
to the positive values of the canonical 
variable scores; the samples of the 
remaining four brands of pasta, 
meanwhile, are positioned at the bottom, 
corresponding to the negative score 
values (with the exception of certain 
samples, associated in part with positive 
score values, but nevertheless remaining 
below the dividing line).
As already discussed with regard to the 
previous model, in order to interpret the 
model and, therefore, identify the 
compounds most responsible for 
discriminating between the samples, the 
weights of the variables that define the 
canonical variable must be assessed 
(phase of the study still ongoing). This 
second PLS-DA model can be used to 
focus on the slow-dried products, indeed it 
can associate an unknown sample with 
one of the two classes: class 1 (LT-Lt) or 
class 2 (HT-St/VHT-St). While the model 
constructed is associated with 100% 
correct classification, discriminating 
significantly between the two classes, it is 
nevertheless subject to the critical issue of 
assuming that all dissimilarity between the 
aromatic profiles of the samples is 
associated with the type of drying used. 

This assumption is, however, certainly an 
approximation given that, as mentioned 
previously, other factors exist that 
contribute to determining the flavour 
(including, for example, the ingredient 
used). Nevertheless, it is true that the 
thermal history of the product is a 
significant factor in determining the 
aromatic profile, given the different 
impacts of the various heat treatments on 
the volatile compounds.

Conclusions
This study, which is still ongoing, involved 
a HS-SPME/GC-MS analysis of the 
aromatic profile of dried durum wheat 
pasta products on the market, and the 
chemometric processing of the data with a 
view to discriminating between the 
products that underwent LT-Lt drying and 
those dried using HT-St/VHT-St methods 
and, subsequently, to identifying new 
process and/or product markers to be 
associated with the conventional markers, 
in order to determine the overall quality of 
the pasta.
The two PLS-DA models constructed and 
validated both demonstrated 100% 
correct classification, offering optimal 
results. It should be noted, however, that 
the first model would benefit from greater 
population for each class of samples (the 
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model was constructed based on 20 
samples for each class, and validated 
based on cross-validation); the second 
PLS-DA model, with two classes, 
meanwhile, involves the assumption that 
the dissimilarity between the aromatic 
profiles of the samples is exclusively 
associated with the type of drying used, 
and that only one class of samples has in 
fact been slow-dried, as this is stated on 
the label. However, as there is no 
legislative requirement to include the 
production method on the packaging, the 
production method is unknown unless the 
manufacturers voluntarily include such 
information.
Nevertheless, the results are satisfying, 
positively responding to the aims of the 
study and succeeding in identifying – by 
means of VIP scores analysis – potential 
process/product markers that can offer 

added value to the pasta product in terms 
of quality.  With a larger population of data 
and ingredient samples, and more 
comprehensive information on the 
production process, the models and 
results achieved could certainly be 
improved upon.
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Each colour identifies a class (brand) of pasta. The "empty" symbols represent the samples used for 
the training set, while the "full" symbols represent the samples used for the test set. 

Figure 1 (LEFT) PLOT OF PLS-DA MODEL WITH FIVE CLASSES; (RIGHT) PLOT OF PLS-DA 
MODEL WITH TWO CLASSES. 
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Upvaluing of chestnut 
flour for gluten-free 
fresh pasta development

2
Davide Russo, Andrea 
Bresciani, Alessandra Marti
University of Milan

The article illustrates the work carried out for the degree thesis of Davide Russo 
(University of Milan), who won one of the 2023 Pastaria Awards. The thesis evaluated 
the effect of the addition, at two different enrichment levels (15% and 25%), of two 
varieties of chestnut flour (Balestrera and Rossera) from the Val Seriana to a gluten-
free formulation for the production of fresh pasta. In addition to the chemical and 
physical characterisation of the raw materials, the work involved the evaluation of 
the behaviour during cooking of the fresh pasta. The addition of chestnuts reduces 
optimal cooking time, water absorption capacity and consistency, as well as 
reducing losses during cooking.
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Introduction
Chestnuts (Castanea sativa Mill.) were once a primary energy source for rural 
and mountain populations in Italy.  Following a period of production crisis 
related to social and phytopathological aspects, Chestnut growing has been 
attracting renewed interest in the food sector in recent decades. Their nutritional 
characteristics, including the presence of fibre and compounds with an 
antioxidant activity, make chestnuts an interesting ingredient for the 
development of food products. In addition, the absence of gluten makes them a 
useful resource for gluten-free formulations.
There are few works in scientific literature regarding the use of chestnut varieties 
as an ingredient for the production of pasta (regular or gluten-free), a product 
popular worldwide because it is practical, nutritious and appetizing, as well as 
for its ability to deliver bioactive compounds (Mercier et al., 2016; Wahanik et 
al., 2018).
The aim of this thesis project was to evaluate the technological performance of 
two varieties of chestnuts (Balestrera and Rossera) in the production of 
gluten-free foods (snacks and fresh pasta), at two enrichment levels (15 and 
25%). The use of chestnut flour in gluten-free formulations would make it 
possible not only to improve the nutritional composition and sensory attributes 
of gluten-free products, but also to boost the use of hitherto underused crops. 
The two chestnut flours were first characterised from a chemical and physical 
point of view, and their rheological and functional properties were then 
evaluated. This was followed by the production and characterisation of two 
types of products: crackers and fresh pasta. In keeping with this call, only the 
results regarding the fresh pasta study will be presented here.

Materials and methods

Materials
The chestnut flours were supplied by the Misma Chestnut Growers’ Association 
(Pradalunga, Bergamo), while the gluten-free mix (composed of corn strarch, 
rice flour, guar flour and carboxymethyl cellulose) was supplied by Molino 
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Quaglia S.p.A. (Vighizzolo d’Este, Padua). 

Characterisation of chestnut flour
The humidity, protein, starch, ash, fibre 
and lipid content was determined using 
the official AACC methods (2001).
The gelatinisation and retrogradation 
properties of the starch were evaluated 
using a Micro Visco-Amylo-Graph 
(Brabender GmbH & Co. KG Duisburg, 
Germany), an instrument that measures 
variations in the viscosity of a suspension 
of starch/flour and water following the 
heating and cooling phases in controlled 
conditions. The test was conducted by 
mixing 12 g of chestnut flour in 100 ml of 
distilled water, correcting those values 
based on the humidity of the samples 
(base 14%). The operating conditions were 
as follows: temperature profile: 30 
°C-95°C-30 °C; rotation speed: 250 
revs/min; sensitivity: 300 cmg; temperature 
gradient: 7.5 °C/min.
The gelification properties were evaluated 
by preparing a gel, using the Micro 
Visco-Amylo-Graph, on a sample of 15 g 
chestnut flour in 100 ml distilled water 
(correction 14%), with the operating 
conditions indicated in the previous 
paragraph. At the end of the test, the gel 
was placed in two Petri dishes (diameter: 
55 mm; height: 15 mm) stored at 4°C for 3 
and 72 hours. At the analysis time 

considered, the samples were subjected 
(after being left at room temperature for 30 
mins) to a double compression test (TPA) 
using a TA.XT-plus texture analyser (Stable 
Micro Systems Ltd., Godalming, UK), 
equipped with a 100 N load cell and using 
a P/75 probe. The following parameters 
were used during the test: return distance: 
30 mm; return speed: 10 mm/second; 
contact force: 5 gf.

Fresh pasta production
The fresh pasta was produced using the 
gluten-free mix on its own or mixed with 
the two chestnut varieties at two 
enrichment levels (15% and 25%).
The fresh pasta was prepared by mixing 
water and flour (hydration 70%) in a 
KitchenAid mixer (model 5KSM150, 
Benton Harbor, MI, USA) to obtain a 
smooth, even dough. After resting for 15 
minutes, the dough was divided into 
portions of approx. 50/60 g and laminated 
using the KSMPSA attachment of the 
mixer. The fettuccine ribbons were then 
produced, with the following 
characteristics: length 100 mm, width 
13.5 mm and thickness 2 mm. Two 
different lots of pasta were produced for 
each formulation.

Characterisation of fresh pasta
The optimal fresh pasta cooking time was 
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determined by a panel of 8 tasters. An 
evaluation was then conducted of the 
amount of water absorbed during 
cooking, losses during cooking and 
consistency, using the AACC 66-50.01 
official method. Specifically, the structural 
characteristics of the fresh pasta were 
determined using a TA.XT-plus texture 
analyser (Stable Micro Systems Ltd., 
Godalming, UK), equipped with a 100 N 
load cell. For each production lot, 5 
measurements were repeated on 5 
fettuccine ribbons placed parallel to one 
another; the test was conducted after a 
set time of 5 minutes from the moment 
the pasta was drained.  

Statistical analysis
The significant differences between the 
two chestnut varieties were evaluated 
using a t-test (Statgraphics Plus 5.1; 
Statpoint Inc., Warrenton, VA, USA). The 
differences between the 5 fresh pasta 
formulations were evaluated using 
one-way analysis of variance and Tukey’s 
HSD test (Statgraphics Plus 5.1; Statpoint 
Inc., Warrenton, VA, USA). To assess the 
effect of the variety and of the level of 
enrichment, two-way analysis of variance 
was used (Excel, Microsoft Building 99, 
Redmond, Washington, USA).

Results and discussion

Chemical composition of the chestnut 
flours
The chemical composition of the chestnut 
flours (Table 1) shows that the Balestrera 
variety has a higher protein and starch 
content than the Rossera variety, which 
has a higher fibre and total lipid content. 
No significant differences were found in 
ash content.

Gelatinisation and retrogradation 
properties of the starch
The results presented in Figure 1 and Table 
2 show significant differences between the 
two varieties of  chestnuts. 
Specifically, the Rossera variety has a 
gelatinisation start temperature of 50 °C 
and the Balestrera variety of 65 °C. As 
regards peak viscosity, the maximum 
swelling point of the starch granules, the 
values reached by the Balestrera sample 
were higher than those of the Rossera 
variety (201 BU and 166 BU respectively). 
This difference is probably due to the 
higher starch content of the Balestrera 
variety. Any differences in 
amylose/amylopectin distribution can be 
ruled out.
The two varieties also behaved differently 
during the 95°C temperature maintenance 
phase. The higher breakdown value 
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recorded for the Balestrera variety could 
indicate greater stability of the starch 
granules during the cooking of the finished 

product (Yildiz et al., 2013). There were 
also differences between the varieties in 
final viscosity after cooling, with higher 
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Table 1 CHEMICAL COMPOSITION OF THE TWO CHESTNUT VARIETIES

Balestrera Rossera

Moisture 8.9 ± 0.1 8.6 ± 0.2

Carbohydrates* 71.2 69.5

Total starch 43.08 ± 1.0 38.47 ± 1.5

Proteins 6.9 ± 0.4 5.5 ± 0.4

Lipids 3.3 ± 0.2 4.5 ± 0.2

Total fibre 7.8 ± 0.5 10.1 ± 0.5

Ash 1.8 ± 0.1 1.8 ± 0.1

All the figures are shown as an average ± standard deviation (g/100 g s.s.), with the exception of carbohydrates*, calculated by 
difference
All the figures are shown as an average ± standard deviation (g/100 g s.s.), with the exception of carbohydrates*, calculated by 
difference
All the figures are shown as an average ± standard deviation (g/100 g s.s.), with the exception of carbohydrates*, calculated by 
difference

Figure 1 GELATINISATION AND RETROGRADATION PROPERTIES OF CHESTNUT FLOURS
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final and setback viscosity values for 
Balestrera than for Rossera. Specifically, 
setback viscosity indicates the level of 
reassembly of the amylose molecules 
released from the swollen starch granules 
during the cooling phase and the tendency 
to form a cohesive gel (Charles et al., 
2004). 

Gelification properties
Gelification properties differ between the 
two varieties. Hardness - the maximum 
peak during the first compression phase - 
was significantly higher for the Balestrera 
variety after storing for 72 hours. This 
result appears consistent with the greater 
retrogradation tendency of this sample 
(Figure 1). As regards the other parameters 
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Table 2 DATA OBTAINED USING THE MICRO-VISCO-AMYLO-GRAPH

Balestrera Rossera Test t

Gelatinisation start 
temperature (°C)

65.25 ± 0.5 50.35 ± 6.3 ns

Maximum viscosity (BU) 201.00 ± 5.7 166.50 ± 2.1 p ≤ 0.05

Peak temperature (°C) 84.05 ± 4.6 94.85 ± 1.2 ns

Breakdown (BU) 39.00 ± 1.4 23.50 ± 3.5 p ≤ 0.05

Final viscosity (BU) 331.5 ± 4.9 198.50 ± 0.7 p ≤ 0.001

Setback (UB) 158.50 ± 2.1 54.00 ± 4.2 p ≤ 0.01

The figures are shown as an average ± standard deviation. Statistical analysis conducted using t-test to evaluate significance 
between the two varieties (p ≤ 0.05); ns indicates no significance
The figures are shown as an average ± standard deviation. Statistical analysis conducted using t-test to evaluate significance 
between the two varieties (p ≤ 0.05); ns indicates no significance
The figures are shown as an average ± standard deviation. Statistical analysis conducted using t-test to evaluate significance 
between the two varieties (p ≤ 0.05); ns indicates no significance
The figures are shown as an average ± standard deviation. Statistical analysis conducted using t-test to evaluate significance 
between the two varieties (p ≤ 0.05); ns indicates no significance

Table 3 GEL TEXTURE PROPERTIES WITH STORAGE AT 4 °C

Balestrera 
(3 h)

Rossera
(3 h)

Test t
Balestrera 

(72 h)
Rossera

(72 h)
Test t

Hardness (N) 1.34 ± 0.1 0.85 ± 0.1 ns 2.96 ± 0.1 1.22 ± 0.0 p ≤ 0.05

Adhesiveness (N/s) -93.67 ± 5.1 -112.5± 12.6 ns -99.57 ± 8.8 -136.7 ± 16.9 ns

Elasticity (%) 0.81 ± 0.01 0.84±0.01 ns 0.84 ± 0.03 0.88 ± 0.03 ns

Cohesiveness (%) 0.73 ± 0.01 0.75±0.01 ns 0.76 ± 0.01 0.78 ± 0.06 ns

d. Analisi statistica condotta mediante t test per valutare significatività tra I dati sono espr d. Analisi statistica condotta mediante t test per valutare significatività tra 
le due varietà (p ≤
I dati sono espr e significatività tra 
le due varietà (p ≤
I dati sono espressi come media ± deviazione standar e significatività tra 
le due varietà (p ≤
I dati sono espressi come media ± deviazione standar e significatività tra 
le due varietà (p ≤ 0,05), ns indica l’assenza di significatività
I dati sono espressi come media ± deviazione standar
le due varietà (p ≤ 0,05), ns indica l’assenza di significatività
I dati sono espressi come media ± deviazione standard. Analisi statistica condotta mediante t test per valutarThe figures are shown as an average ± standard deviation. Statistical analysis conducted using t-test to evaluate significance 
between the two varieties (p ≤ 0.05); ns indicates no significance le due varietà (p ≤ 0,05), ns indica l’assenza di significatività
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considered during the double compression 
test (adhesiveness, cohesiveness and 
elasticity), no significant differences were 
observed between the two varieties.

Characterisation of fresh pasta
During the preparation of the gluten-free 
fresh pasta, it was observed that as the 
proportion of chestnut flour added 
increased, the time necessary for the 
development of a smooth dough 
decreased: compared to the control mix, 
which had an optimal dough-forming time 
of 8 minutes, the doughs with the addition 
of 15% and 25% chestnut flour had 
dough-forming times of 4.5 and 4 minutes 
respectively. This result could be due to 
the smaller amount of the base mix, 
containing pre-gelatinised flours/starches 

and hydrocolloids, both of which are 
essential for the formation of a cohesive 
dough with gluten-free matrices: 
pre-gelatinised flours/starches and 
hydrocolloids are able to absorb water 
quickly at room temperature, but require a 
greater mechanical effort to obtain a 
smooth, even dough.
The images of the fresh pasta produced in 
this work, shown in Figure 2, suggest that 
regardless of the variety and the 
percentage of the addition used, it is 
possible to produce a fresh pasta able to 
maintain its structures (and therefore to 
stay intact) during production and after 
cooking.
The quality during cooking of the fresh 
pasta, evaluated using official methods, is 
shown in Table 4. The reformulation of 
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Figure 2 IMAGES OF THE FRESH PASTA BEFORE AND AFTER COOKING

Raw

Cooked

Control
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fresh pasta with chestnut flour resulted in a 
significant reduction in the amount of 
water absorbed, the consistency and the 
effort required to cut the cooked product. 
Specifically, the “variety” variable proved 
significant in terms of consistency, work 
and losses during cooking, with the 
Balestrera variety able to produce a fresh 
pasta characterised by less significant 
losses during cooking, and greater 
consistency and workability than pasta 
prepared using the Rossera variety. The 
enrichment level also had a significant 
impact on the indexes considered. 
Specifically, higher chestnut flour content 
resulted in lower water absorption, losses 
during cooking, consistency and 
workability. Finally, the variety interaction 
of variety by enrichment level did not 
prove significant.

During the cooking of the fresh pasta, an 
increase was observed in the loss of solids 
compared to the control sample, as also 
demonstrated by Littardi et al., (2020) for 
wheat-based pasta; the values shown in 
the table show that both the pastas 
enriched with 15% chestnut flour lost 
more solids during cooking than the pasta 
produced with higher enrichment levels 
(25%); these results can be attributed to 
the different optimal cooking times of the 
two pastas, which are 3.5 minutes and 1.5 
minutes respectively. The cooking times of 
the experimental samples are in line with 
the values shown in previous works, which 
found that optimal cooking times 
decreased as the chestnut flour 
enrichment levels rose (Oniszczuk et al., 
2019; Kosovic et al., 2016).
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Table 4 CHARACTERISATION OF GLUTEN-FREE FRESH PASTA

Water absorption 
(%)

Cooking losses
(g/100g)

Texture (N) Work (gf/cm)

Control 65.81 ± 2.30c 5.28 ± 0.74b 5.9 ± 0.53c 51.36 ± 9.47d

Balestrera 15% 62.56 ± 0.85b 6.29 ± 0.31d 3.74 ± 0.31b 34.85 ± 5.49b

Rossera 15% 63.24 ± 1.02b 6.75 ± 0.96d 4.03 ± 0.60b 41.08 ± 8.02c

Balestrera 25% 53.38 ± 1.88a 4.51 ± 0.15a 3.06 ± 0.27a 28.97 ± 3.43a

Rossera 25% 54.14 ± 1.05a 4.93 ± 0.57ab 3.34 ± 0.62 a 32.26 ± 6.45ab

Analysis of varianceAnalysis of varianceAnalysis of varianceAnalysis of varianceAnalysis of variance

Variety ns p ≤ 0.05 p ≤ 0.05 p ≤ 0.001

Integration p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001

Interaction ns ns ns ns
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Conclusions
The addition of chestnut flour appears 
promising for the production of 
gluten-free fresh pasta. The 
compositional and nutritional 
characteristics and the wealth of 
biocomponents chestnuts contain 
provide ample justification for the new 
role the fruit is taking on in the modern 
diet. The comparison between the two 
chestnut varieties grown in Val Seriana 
(Bergamo)—Balestrera and Rossera—
shows that despite the differences in the 
chemical and physical composition of 
the two, there are no particular 
differences in their functional and 
rheological properties. Differences 
emerged with regard to the 
gelatinisation and retrogradation 
properties of the starch and the gel 
formation properties. The characteristics 
of the Balestrera and Rossera varieties 
make them suitable for the production 
of fresh pasta, even with enrichment 
levels of 25%. Future studies might 
consider the characteristics of other 
cultivars, with a view to identifying those 
best suited to the processes of 
transformation into grain-based 
products and the use of pasta making 
processes involving heat treatments 
such as desiccation or pasteurisation.
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The scenario outlined by ISTAT in “Prospects for the Italian economy in 
2023-2024” suggests the likelihood of a further fall in inflation. This is 
based on reduction forecast in energy prices and other imported 
materials, already under way, and a gradual relaxation in the hitherto 
restrictive monetary policies implemented on several occasions by the 
European Central Bank (ECB). These circumstances are expected to lead 
to a slight recovery of trade with foreign countries, and to a more 
decisive rise in domestic demand, driven by private consumers (+1.4% 
in 2023 and +1% in 2024), who can now benefit from a gradual (although 
partial) recovery of household purchasing power and consolidation of 
employment levels.
Investment, in contrast, is expected to witness a distinct slowdown 
compared to the preceding two-year period, with a 0.6% growth rate 
forecast for both years. The only driving factor is the gradual 
implementation of the National Recovery and Resilience Plan (PNRR), 
which is still, however, set to end in 2026. 
It should also be considered that, in the wider international context, the 
most recent conflict in the Middle East has introduced a new factor of 
risk (and uncertainty) that has the potential to upset raw materials 
markets, which in recent years have already had to cope with an 
extraordinary series of impacts as a result of the domino effect triggered 
by the sharp rise in the prices of energy products. Before the start of the 
war between Israel and Palestine, the squeeze on oil supplies on the part 
of OPEC+ producers had pushed up crude oil prices, resulting in a rise in 
inflation across the whole energy sector. As tension lessened, prices 
gradually fell back, starting from October, and are now more stable, 
foreshadowing more moderate rises in the other commodities.
Another aspect to consider is the growth of the global economy, which 
will probably be weaker than had been expected. According to the World 
Bank, these characteristics are likely to result in disinflation with regard 
to raw materials, including agricultural materials and foodstuffs.
On the other hand, offer conditions across all soft commodities and 
basic food products have improved on the whole, with the exception of a 
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PRICES AND TRENDS OF CERTAIN FOOD RAW MATERIALS (DECEMBER 2023)PRICES AND TRENDS OF CERTAIN FOOD RAW MATERIALS (DECEMBER 2023)PRICES AND TRENDS OF CERTAIN FOOD RAW MATERIALS (DECEMBER 2023)PRICES AND TRENDS OF CERTAIN FOOD RAW MATERIALS (DECEMBER 2023)PRICES AND TRENDS OF CERTAIN FOOD RAW MATERIALS (DECEMBER 2023)

National fine 
common wheat

Price (€/ton) Monthly variation Annual variation Forecast
National fine 

common wheat 247.5 0.2% -28.9% ▼

Fine durum wheat 
from North Italy

Price (€/ton) Monthly variation Annual variation Forecast
Fine durum wheat 

from North Italy 372.5 0% -20.8% ▼

00 type common 
wheat flour

Price (€/ton) Monthly variation Annual variation Forecast
00 type common 

wheat flour 575 0.9% -21.2% =

Semolina above 
min. leg. req.

Price (€/ton) Monthly variation Annual variation Forecast
Semolina above 

min. leg. req. 702.5 0% -14.3% =

Eggs M
Price (€/100 pcs) Monthly variation Annual variation Forecast

Eggs M
17.85 1.4% -6.3% ▼

Pork hams for 
Prosciutto 12 kg 

and over

Price (€/kg) Monthly variation Annual variation ForecastPork hams for 
Prosciutto 12 kg 

and over 5.08 -0.4% 0.8% ▼

Beef – veal meat 
half-carcass, 
prime quality

Price (€/kg) Monthly variation Annual variation ForecastBeef – veal meat 
half-carcass, 
prime quality 7.07 1.6% 2.9% =

Raw milk
Price (€/100 kg) Monthly variation Annual variation Forecast

Raw milk
55.16 12.6% -8.1% =

Centrifuged butter
Price (€/kg) Monthly variation Annual variation Forecast

Centrifuged butter
5.52 3.8% -1.4% ▼

Grana Padano 
aged for 9 months 

or more

Price (€/kg) Monthly variation Annual variation ForecastGrana Padano 
aged for 9 months 

or more 8.81 0.7% -6.6% ▼

Extra virgin olive 
oil

Price (€/kg) Monthly variation Annual variation Forecast
Extra virgin olive 

oil 9.1 7.9% 49.2% =

Source: Centro Studi Economici Pastaria elaboration based on various data sources. Grain, flours and semolina:
Granaria, Bologna; Eggs: CCIAA, Forlì; Pork and beef: Commodity Exchange, Modena; Milk, butter and Grana Padano: 
Commodity Market, Milan; OIive oil: CCIAA, Bari.

Source: Centro Studi Economici Pastaria elaboration based on various data sources. Grain, flours and semolina:
Granaria, Bologna; Eggs: CCIAA, Forlì; Pork and beef: Commodity Exchange, Modena; Milk, butter and Grana Padano: 
Commodity Market, Milan; OIive oil: CCIAA, Bari.

Source: Centro Studi Economici Pastaria elaboration based on various data sources. Grain, flours and semolina:
Granaria, Bologna; Eggs: CCIAA, Forlì; Pork and beef: Commodity Exchange, Modena; Milk, butter and Grana Padano: 
Commodity Market, Milan; OIive oil: CCIAA, Bari.

Source: Centro Studi Economici Pastaria elaboration based on various data sources. Grain, flours and semolina:
Granaria, Bologna; Eggs: CCIAA, Forlì; Pork and beef: Commodity Exchange, Modena; Milk, butter and Grana Padano: 
Commodity Market, Milan; OIive oil: CCIAA, Bari.

Source: Centro Studi Economici Pastaria elaboration based on various data sources. Grain, flours and semolina:
Granaria, Bologna; Eggs: CCIAA, Forlì; Pork and beef: Commodity Exchange, Modena; Milk, butter and Grana Padano: 
Commodity Market, Milan; OIive oil: CCIAA, Bari.
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number of shortages due to contingent 
production deficits. A number of potential 
factors of imbalance remain, associated 
for the most part with the geopolitical risk 
posed by the two on-going wars, which 
could result in renewed, largely 
speculative price volatility. Save for 
modest shifts, agricultural produce prices 
have remained relatively stable, based on 
figures from the last twelve months, 
confirming a drop compared to the levels 
of one year ago. There has been a 
sharper fall in the prices of food products, 
in a situation in which a number of factors 
that pushed prices up–such as the 
non-renewal of the Black Sea Grain 
Initiative, the Indian ban on the export of 
non-basmati rice and the intensification of 
weather and climate phenomena caused 
by El Niño–were offset by an 
improvement in supply prospects, in 
particular for maize, soybeans and wheat.

According to the World Bank projections, 
following a 7% drop in 2023, first trading 
agricultural prices are expected to fall by 
a further 2% in the two-year period, given 
that stocks are expected to be sufficient 
to compensate for any negative events 
such as decreases in production and 
adverse weather conditions. As regards 
grains and seed oils, the stock-to-use 
ratio–an indicator constantly monitored 
by markets–is falling further, but remains 
at a “comfortable” level, according to 
operators, well above the critical 
threshold of 20% that marked the 
10-year-period 2005-2014.
Following the 11% reduction experienced 
over the last 12 months, grain prices are 
expected to fall further, around 3% in 
2024 and 5% the following year.
On the durum wheat market in particular, 
the annual price gap stands at around 
20%, although the world harvest–
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PRICE MONITORINGPRICE MONITORINGPRICE MONITORINGPRICE MONITORINGPRICE MONITORING

FAO Food Price 
Index

    Price    
(2014-2016=100)

Monthly variation Annual variation ForecastFAO Food Price 
Index

120.4 0% -10.6% ▼

Hard Red Winter 
US Gulf port

Price (USD/ton) Monthly variation Annual variation ForecastHard Red Winter 
US Gulf port 283.55 -4.9% -32.9% ▼

Mais, U.S. No. 2 
Yellow FOB US 

Gulf port

Price (USD/ton) Monthly variation Annual variation ForecastMais, U.S. No. 2 
Yellow FOB US 

Gulf port 211.26 -8.4% -34.2% ▼

Fao Food Price Index, Hard Red Winter, Mais: November 2023Fao Food Price Index, Hard Red Winter, Mais: November 2023Fao Food Price Index, Hard Red Winter, Mais: November 2023Fao Food Price Index, Hard Red Winter, Mais: November 2023Fao Food Price Index, Hard Red Winter, Mais: November 2023
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estimated by the International Grains 
Council (IGC) at around 31.4 million 
tonnes–was down 9.1% compared to the 
previous harvest as a result of the severe 
drought in Canada (-30%). In Europe, 
forecasts confirm a production of approx. 
7 million tonnes (-5.5%), but mass 
exports planned by Turkey, at competitive 
prices, in addition to the pressure of other 
suppliers in the Black Sea Region, should 
be able to contain the effects on prices.
Current prices for maize and soft wheat 
also reflect this downward trend on the 
part of operators, with European markets 
remaining subject to strong pressure from 
Ukrainian grains and the competitive 
pressure of Russia, once again the 
world’s top exporter of wheat. The 
massive presence of Ukraine on 
European markets also explains the 
bearish dynamics observed with regard to 
poultry, egg and sugar prices. Olive oil is 

one of the few agrifood products bucking 
the trend. The tensions caused by 
another year of falling production in 
Spain, the world’s largest producer and 
exporter of olive oil, have already pushed 
prices of extra virgin oils up to record 
levels of over €9 /kilo, leading to a repeat 
of last year’s inflationary scenario. As 
regards dairy products, the drop in 
profitability on European dairy farms due 
to high production costs and the 
restrictions imposed for compliance with 
environmental regulations are further 
limiting production capacity in the EU. No 
significant swings in prices are expected 
over the coming months. A rise is 
possible, on the other hand, in palm oil 
prices, which fell by more than 10% in 
2023 in view of a drop in global 
production due to the dry climate caused 
by El Nino, and a rise in demand, also for 
the production of biodiesel.

Pastaria International DE 1/2024 • 56

http://www.pastariahub.com/
http://www.pastariahub.com/
http://www.pastariahub.com/
http://www.pastariahub.com/
http://www.pastariahub.com/
http://www.pastariahub.com/
http://www.pastariahub.com/
http://www.pastariahub.com/
http://www.pastariahub.com/


http://www.italgi.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.italgi.it/?source=PASTARIA_DIGITAL_MAGAZINE
mailto:italgi@italgi.it


Wheat, the main food 
source of the human 
race

4
Luigi Cattivelli
Crea Genomics and Bioinformatics 
Research Centre (Fiorenzuola d’Arda)

Processed into semolina or flour, it is the main ingredient in pasta. We are going to 
talk about wheat, describing in this paper its nutritional and agronomic aspects, in 
its myriad varieties, both ancient and modern.
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Wheat
By “wheat” we mean around 20 cultivated 
or wild species and subspecies, closely 
related to each other and belonging to the 
genus Triticum. But if we limit ourselves to 
cultivated wheats used for human 
consumption, we have:
• monocot (T. monococcum) which was 

the first wheat cultivated by Neolithic 
man around 12,000 years ago, in the 
so-called fertile half-moon when 
agriculture was born;

• emmer (T. turgidum subspecie 
dicoccum), which was cultivated in the 
time of the ancient Romans (the Latin 
word “farina” (flour) comes from the Latin 
word “far” (emmer);

• durum wheat (T. turgidum subspecie 
durum) which replaced emmer as of the 
end of the Roman Empire;

• T. turgidum subspecie turanicum (known 
commercially as kamut® or “khorasan 
wheat”), a subspecies very similar to 
durum wheat that evolved in the area of 
present-day Iran;

• spelt (T. spelta);
• soft wheat (T. aestivum).
Last but not least, it is important to know 
that some cultivated forms of wheat have 
dressed seeds, i.e. at harvest time the 
seeds appear wrapped in glumes that 
have to be removed (husking) before 

milling to produce flour; monocot, emmer 
and spelt are dressed wheats. Types of 
wheat in which the glumes spontaneously 
separate from the seed at harvest are 
called naked seeds; durum wheat, soft 
wheat and T. turanicum are examples of 
naked seeds. 
Overall, we have six types of cultivated 
wheat, three of which are dressed and 
three naked, as well as other types of 
wheat that are either wild or no longer 
cultivated.
For each of the cultivated species, we can 
find ancient local populations (wheat 
varieties that were cultivated in Italy until 
the early 1900s), so-called ancient 
varieties (wheat selected by researchers 
from the early 1900s until the 1960s) and 
modern varieties (from the 1960s 
onwards). 

Why choose modern wheat?
For the past 10,000 years, man has 
constantly selected better grains, first on a 
totally empirical basis and then, since the 
early 1900s, by putting genetic and, more 
recently, genomic knowledge to good use. 
On empirical grounds, man has selected 
the cultivated forms by differentiating them 
from the wild ones (in the latter case, the 
seeds fall from the ear once ripe, a 
characteristic that is extremely useful for 
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the dissemination of the offspring seeds 
but which renders seed collection 
arduous), subsequently preferring the 
naked forms, particularly the varieties with 
large seeds, for the sake of convenience, 
since the naked seeds do not have to be 
husked. In the last 100 years, great strides 
have been made in the genetic 
improvement of wheat, leading to the 
selection of modern wheats through a 
succession of new varieties.
Work on the genetic improvement of wheat 
was initiated in the early 1900s by 
Nazareno Strampelli (1866-1942). His 
efforts led to the creation of dozens of soft 
and durum wheat varieties, some of which 
were very successful internationally, such 
as Senatore Cappelli durum wheat (1915) 
or Mentana (1923) and San Pastore (1931) 
soft wheat. In the period prior to World 
War II, the adoption of the varieties 
selected by Strampelli brought about 
significant increases in production. After 
Strampelli’s pioneering work, Norman 
Borlaug, a geneticist working at CIMMYT 
(the International Maize and Wheat 
Improvement Center in Mexico) selected 
modern wheat varieties that lifted many 
countries in Central and South America 
and Asia out of hunger, a varietal renewal 
that has been referred to as the “green 
revolution”. 

The underlying reason for all the genetic 
improvement work was, and still is, the 
need to increase production per unit of 
surface area in a sustainable context; it is 
important to remember that without the 
increases in production over the last 
century, there would be not be enough 
food for everyone today. Increased 
agricultural production can be achieved 
through the use of improved cultivation 
techniques (including the use of fertilisers 
and crop protection products) or through 
the selection of genetically more 
productive plants. In the case of wheat, 
the huge increase in production in Italy (the 
yield per hectare has at least tripled since 
the early 1900s) and in the rest of the 
world is at least 50% attributable to 
genetic improvement, and in the decades 
to come, the role of genetic improvement 
will be even greater.
Genetic improvement has impacted 
various characteristics. Modern wheat is 
much shorter than ancient wheat and is 
therefore resistant to lodging (the loss of 
the upright position of the plant during the 
ripening phase, which makes harvesting 
very difficult, limits production and impairs 
quality). It also benefits from the use of 
fertilisers. Wheat crops in the early 1900s 
were over 150 cm high, while the height of 
today’s wheat is around 70-80 cm. 

Pastaria International DE 1/2024 • 61



All over the world from

years

CAPITANIO CAMILLO & C. S.a.s.

WWW.CAPITANIO.IT

COMO HEADQUARTER: via Bisbino 1 | 22070 Grandate (CO) | Tel. +39 031564621 | Fax + 39 031564631 | info@capitanio.it

TORRE ANNUNZIATA BRANCH:  via Mortelleto 1 | 80058 Torre Annunziata (NA) | Tel. +39 0818611436 | Fax + 39 0818621405 | marco@capitanio.it

http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
http://www.capitanio.it/?source=PASTARIA_DIGITAL_MAGAZINE
mailto:info@capitanio.it
mailto:marco@capitanio.it


Plants more suited to the Italian 
environment have been selected through 
the introduction of earliness factors that 
enable wheat to ripen before the summer 
heat, thereby avoiding the shrivelling of the 
caryopses due to a combination of high 
temperatures and dryness. Modern wheat 
is more resistant to diseases, especially 
fungal ones, a characteristic that enables a 
reduction in the use of 
phytopharmaceuticals and improves the 
healthiness of the product and the 
sustainability of the crop. For example, 
there have been recent issues of soft 
wheat varieties with a higher resistance to 
ear fusarium, a serious disease that 
causes the accumulation of mycotoxins 
that are a major risk factor for human 
health. Under the same agronomic 
conditions, modern wheat has a lower 
protein and gluten content than ancient 
wheat, but its gluten has much better 
technological characteristics that make 
bread softer and maintain the al dente 
texture of pasta. 

Wheat composition and 
nutritional value
Wheat has been the basis of the Western 
world’s diet for around 10,000 years. Its 
extraordinary success has been due to its 
technological and nutritional 

characteristics. Wheat seeds are rich in 
starch, protein, fibre, minerals, vitamins 
and antioxidant compounds, but the 
distribution of these nutrients within the 
seed is not homogeneous. Starch and 
protein are concentrated in the endosperm 
(the white part of the seed), while fibre, 
vitamins (A, B1, E, K), polyunsaturated 
fatty acids, minerals (calcium, phosphorus, 
magnesium, iron, zinc, copper) and 
bioactive compounds are concentrated in 
the aleurone layer (the layer of cells that 
surrounds the endosperm), in the outer 
tegument and germ, so only a daily 
consumption of wholegrain products 
guarantees the intake of all the nutrients 
present in wheat seeds. 
Fibre is a nutritionally important 
component due to its role in regulating 
various physiological functions of the 
human body, in particular the proper 
functioning of the gastrointestinal tract. 
Whole-grain products are also 
distinguished by the presence of bioactive 
compounds: these are chemically 
heterogeneous compounds with an 
antioxidant and/or anti-inflammatory 
action, which can positively influence 
health by contributing to the prevention or 
treatment of various chronic-degenerative 
diseases. 
Starch is the main component of wheat 
caryopses and flour, which makes 
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wheat-based foods predominantly 
high-energy products. In a balanced diet, 
45-60% of the calories in the daily ration 
should come from carbohydrates, at least 
¾ of which should be in the form of 
complex carbohydrates (starch). In light of 
the most recent dietary recommendations, 
it is clear that wheat products are an 
excellent source of carbohydrates, which 
are essential for effective human nutrition.
Protein plays a primary role in the 
nutritional success of wheat. Many of the 
organoleptic characteristics of flour-based 
foods, such as the porosity of biscuits, the 
softness of bread and even the tenacity of 
al dente pasta, are due to the particular 
protein composition of wheat. 
Approximately 80% of the proteins 
contained in a wheat seed are gliadins and 
glutenins, two families of proteins present 
in the endosperm of the seed. When 
gliadins and glutenins are mixed together 
in the presence of water, they generate a 
protein mesh called gluten. Gluten is a 
matrix with unique properties: it is both 
elastic and extensible and these 
characteristics vary depending on the 
specific composition of the gliadin and 
glutenin families present. These properties 
explain the ability of a dough made with 
flour and water to rise, trapping the carbon 
dioxide produced in the leavening process 
and generating a more or less soft 

product, but also its ability to trap starch 
granules and retain them when cooking 
the pasta dough in boiling water, 
producing al dente pasta.

Coeliac disease and non-
coeliac gluten sensitivity
Gluten proteins are also responsible for the 
intolerances and allergies. Coeliac disease 
is an intestinal disorder caused by a 
permanent intolerance to gluten, which 
appears in genetically-predisposed 
individuals. Coeliac disease is the most 
widespread food intolerance in Italy and is 
estimated to affect around 1% of the 
population. The only treatment available 
for coeliac disease is the total exclusion of 
gluten from the diet for life. 
Notwithstanding the limitations of a 
gluten-free diet on the quality of social life, 
it is indispensable for the remission of the 
symptoms associated with coeliac disease 
and for preventing serious complications in 
sufferers. The gluten-free diet is, therefore, 
a therapy that consists of foods that are 
naturally free from this protein (fruit, 
vegetables, pulses, meat, fish, potatoes 
and other tubers and certain cereals) and 
foods specially formulated for coeliacs 
with “deglutinised” (gluten-free) raw 
materials. The main cereals allowed for 
coeliacs are rice, maize, sorghum and 
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millet, in addition to pseudocereals 
(amaranth, buckwheat and quinoa). These 
seeds do not contain gliadins and 
glutenins, and are therefore gluten-free. In 
contrast, all types of wheat (including 
monocots, emmer and kamut®), barley and 
rye contain gliadins and glutenins and are, 
therefore, not suitable for coeliacs, even in 
their wholemeal versions.
The nutrition claim “gluten-free” may only 
be added to the label if the gluten content 
of these products is below 20 ppm 
(equivalent to 20 mg per kg of product).
Recently, a gluten toxicity different from 
coeliac disease has been codified and 
defined as non-coeliac (gluten sensitivity), 

a condition associated with non-specific 
abdominal problems, but without the 
intestinal lesions typical of coeliac disease. 
This clinical picture goes into remission 
with the elimination of gluten/wheat from 
the diet. But it is still unknown exactly 
which compounds trigger this reaction. 
Recent studies identify amylase-trypsin 
inhibitors (ATIs) and so-called FODMAPs 
(fermentable oligo-, di-, monosaccharides 
and polyols) as other possible causes or 
concomitant triggers of gluten sensitivity. 
The response to wheat elimination is 
usually rapid and brings about significant 
clinical improvements in a matter of days. 
It is important to emphasize that the 
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gluten-free diet cannot and must not be 
considered as a trend: it is not a slimming 
diet nor is it lighter than the gluten diet, but 
it must be considered as a therapy, i.e. a 
health aid for a chronic systemic disease 
for those who are unlucky enough to suffer 
from it.

Ancient and modern varieties
Today, there has been a revival of ancient 
types of wheat, to which positive 
characteristics have often been attributed, 
to the detriment of modern wheat. Hard 
wheats such as Timilia or Russello (two 
local Sicilian populations) or Cappelli (the 
first variety of durum wheat released by 
Strampelli in 1915), or soft wheats such as 
Gentil Rosso or Verna (two local 
populations cultivated in central and 
northern Italy in the 19th century) are being 
cultivated once more, and products made 
from the flour of these ancient grains are 
increasingly found on the market. But what 
is the effective difference in the seed 
composition – and hence the flour – of 
ancient versus modern wheat?
Modern wheat has less protein and 
therefore also less gluten than ancient 
wheat. Protein content depends on both 
genetic and agronomic factors (nitrogen 
fertilisation), but in general a negative 
correlation is observed between increased 

production and protein content in the 
seeds. Agronomic conditions being equal, 
ancient, less productive wheat has more 
protein and more gluten, but there is 
nonetheless a certain genetic diversity 
whereby individual varieties (both modern 
and ancient) may deviate from the general 
trend. An important difference between 
ancient and modern wheat resides in the 
quality of the gluten.Generally speaking, 
genetic improvement has led to an 
increase in gluten strength, and the 
selection of wheat with tenacious gluten 
has been motivated by the consumer’s 
increasing propensity for soft breads and 
al dente pasta. 
Although modern wheat generally has 
more tenacious gluten than ancient wheat, 
it is important to point out that modern 
wheat varieties, of soft wheat in particular, 
are by no means all the same. There is a 
range of selected varieties for producing 
flours with various technological properties 
suitable for different uses (biscuits, 
different types of bread/pizza, highly 
leavened cakes, etc.). Modern soft wheat 
varieties are, in fact, ranked in four product 
classes, based on protein content and 
gluten tenacity characteristics. Ranging, 
therefore from “biscuit” wheat 
characterised by a particularly low protein 
content (<11%) and weak gluten to 
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“strong” wheat, characterised by a 
particularly high protein content (>14%).
All wheat contains gluten and short protein 
tracts (epitopes) capable of triggering a 
coeliac reaction in sufferers. There is some 
evidence that diploid wheat varieties 
(monocot) have fewer toxic epitopes than 
tetraploid wheat (durum, emmer) and that 
tetraploid has fewer than hexaploid wheat 
(soft wheat and spelt), but no kind of 
wheat can be consumed by people with 
coeliac disease. Recent studies show that 
the content of epitopes capable of 
inducing the coeliac response is highly 
variable in both ancient and modern 
wheats, and there is no trend towards an 
increase in these epitopes as a result of 
genetic improvement. 
In conclusion, in discussing ancient and 
modern wheat, some practical 
considerations should be made. Due to 
their low productivity (about half that of 
modern wheat), ancient wheats require a 
much larger surface area to produce the 
same amount of flour, and this is clearly in 
contrast with the principles of 
environmental sustainability. In Italy, the 
approximately 600,000 hectares cultivated 
with modern soft wheat are sufficient to 
produce around 40% of the flour used 
annually. If the whole Italian area of soft 
wheat were cultivated with ancient wheat, 
national soft wheat production would fall 

to around 15-20% of the nation’s 
requirements, and the remaining 85% 
would have to be met by importing 
modern wheat from abroad. The same 
applies to durum wheat, where domestic 
production covers approx. 60% of national 
requirements. Of course, these 
considerations do not imply that ancient 
wheat should disappear, but that it should 
be considered an opportunity only for 
marginal areas (where the productive 
difference between ancient and modern 
wheat is smaller) and promoted for its 
historical/cultural value but not for 
non-demonstrated agronomic or nutritional 
characteristics.

Note
To find out more: Luigi Cattivelli, Pane 
nostro. Grani, farine ed altre bugie. Edizioni 
Il Mulino, 2023.
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