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Enrichment&in&fiber,&
proteins,&etc&

Yellow&color&
«Al&dente»&firmness&

Exclude&gluten&from&the&diet&of&
people&affected&by&celiac&disease&

ReadyQtoQeat&meals&

Cooking&quality:&&

•  Low&cooking&loss&
•  Al&dente&firmness&(degree&of&resistance&to&the&first&bite)&
•  Absence&of&s@ckiness&(force&with&which&it&adheres&to&other&materials)&
•  Low&bulkiness&(adhesion&rate&of&cooked&pasta&strands&among&them)&

•  Simplicity&of&formula@on&(only&2&ingredients)&&&

•  Low&cost&and&long&shelfQlife&(3&years)&

•  Easy&prepara@on&and&adaptability&to&different&tastes&
and&tradi@ons&&

•  Balanced&from&a&nutri@onal&standpoint&(sauces)&

•  Low&glyceamic&index&

•  From&a&basic&food&to&a&“func@onal&food”&&

Cooking&quality:&&

•  Low&cooking&loss&
•  Al&dente&firmness&(degree&of&resistance&to&the&first&bite)&
•  Absence&of&s@ckiness&(force&with&which&it&adheres&to&other&materials)&
•  Low&bulkiness&(adhesion&rate&of&cooked&pasta&strands&among&them)&
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•  Interac@on&@ll&complete&coagula@on&
•  Forma@on&of&an&undeformable&network&
•  Keeping&the&starch&materials&inside&the&pasta&
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STARCH)

•  Progressive&swelling&@ll&gela@nisa@on&
•  Par@al&solubilisa@on&
•  Dispersion&of&starch&materials&on&pasta&surface&

and&into&cooking&water&

Cooking)quality)

•  If&starch&gela@niza@on&prevails&on&protein&coagula@on&

POOR)COOKING)QUALITY)

•  If&protein&coagula@on&contains&starch&gela@niza@on&
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•  Processing&condi@ons&
•  If&protein&coagula@on&contains&starch&gela@niza@on&
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The)role)of)raw)materials)&)processing)

AFTER&EXTRUSION&GLUTEN&

DURUM%

WHEAT%

COMMON%
WHEAT%or%
%poor%
%quality%%
semolina%

Water 

Semolina 

KNEADING 

EXTRUSION 
45)÷)55°)C)max)

90)÷)120)atm)(~)10)MPa))

DRYING 
4)÷24)hours)and)more)

HT)cycles:)+ll)90°C;)LT)cycles:50`55°C))

Dried Pasta 

Transforming& semolina) `) a& mass& without&
cohesion&Q&into&a&&dough&that&is&shaped&into&
fresh)pasta)(characterized&by&30%&moisture&
content&and,&consequently,&by&a&short&shelfQ
life)& &and&stabilized&by&drying&in&dried)pasta)
(moisture& content=12.5%;& shelfQlife& >3&
years)&&

AFTER&DRYING&
(LT)&

The)role)of)raw)materials)&)processing)
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WHEAT%or%
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AFTER&DRYING&
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The)role)of)raw)materials)&)processing)

HT)drying)–)Issues:)
•  HeatQDamage:&&&&loss&of&lysine&bioavailability&

& &forma@on&of&new&molecules&(?)&
& &sensory&modifica@ons&

•  In&pasta&with&FUR&400&@&700&mg&/&100&g&prot.,&
the&amount&of&unavailable&Lysine&is&30&@&50%!& •  Gluten&tenacity&and&strength&&

•  Color&

•  Ash&content&

•  Par@cle&size&

•  Damaged&starch&

•  Amylase&ac@vity&

PARAMETERS))OF))SEMOLINA)QUALITY)

from%the%pasta>maker%point>of>view%

•  cooking&behaviour&

•  typical&yellow&color&

•  absence&of&defects&(black,&brown&specks&and&white&spots)&

PARAMETERS))OF)PASTA)QUALITY))

from)the)consumer)point`of`view)

The)role)of)raw)materials)&)processing)
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•  Gluten&tenacity&and&strength&&

•  Color&

•  Ash&content&

•  Par@cle&size&

•  Damaged&starch&

•  Amylase&ac@vity&

PARAMETERS))OF))SEMOLINA)QUALITY)

from%the%pasta>maker%point>of>view%

•  cooking&behaviour&

•  typical&yellow&color&

•  absence&of&defects&(black,&brown&specks&and&white&spots)&

PARAMETERS))OF)PASTA)QUALITY))

from)the)consumer)point`of`view)

•  The&higher&the&extracNon&rate,&the&higher&the&ash&content&and&amylase&acNvity&
•  The&finer&the&parNcle&size,&the&higher&the&damaged&starch&content&

Coarse&semolina&

αQamilases&&=&0.13Q0.20&UI/g&
Damaged&starch&=&4.7&–&5.5%&

αQamilases&&=&0.13Q0.20&UI/g&
Damaged&starch&=&>&10&%&

αQamilases&&=&0.4Q0.7&UI/g&
Damaged&starch&=&7Q10&%&

ReQmilled&semolina&

Semolina&

The)role)of)raw)materials)&)processing) The)role)of)processing:)debranning)
!  Principle:& Sequen@al&and&controlled&removal&of&grain&layers&by&

abrasion&(pearling)&

•  Decrease&in&ash&content&
•  Decrease&in&amylase&ac@vity&

!  Advantages:&

abrasive&rolls&covered&by&innova@ve&material:&
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CHANGES)OF)CHEMICAL)AND)TECHNOLOGICAL)INDICES))PROMOTED)BY)
DEBRANNING))

(Control:)non)debranned)kernels))

from:&Pagani&et&al,&2002&

Control&

MT&drying&cycle&

LT&drying&cycle&

HT&drying&cycle&

Mar@&et&al.&unpublished&

Pasta)from)refined)semolina)

The)role)of)raw)materials)&)processing)

Industrial&pasta& Ar@sanal&pasta& “Tradi@onal”&pasta&

Min& Max& Average& Median&
Industrial&pasta&(n=20)& 340& 620& 441& 435&

ArNsanal&pasta&(n=13)& 70& 500& 176& 130&

MT&drying&cycle&

LT&drying&cycle&

HT&drying&cycle&

Mar@&et&al.&unpublished&

Pasta)from)refined)semolina)

The)role)of)raw)materials)&)processing)

Ar@sanal&pasta& “Tradi@onal”&pasta&
Pasta)from)wholegrain)semolina)

MT&drying&cycle&

Min& Max& Average& Median&
Refined&semolina&pasta&(n=20)& 340& 620& 441& 435&

Wholegrain&pasta&(n=13)& 195& 836& 595& 678&

Industrial&pasta&

“The&e@senses&results&
demonstrate&that&the&low@
temperature&dried&pasta&can&be&
easily&discriminated&from&the&
high@temperature&dried&samples.&&
The&high&temperature&treated&
samples&were&perceived&more&
biWer&and&were&characterized&by&
e@nose&sensors&specific&for&
aromaNc&compounds.”&&

MarN&et&al.&J&Food&Science,&2017,&82,&2583@2590&

E`nose) E`tongue)

The)role)of)raw)materials)&)processing)

•  Gluten&tenacity&and&strength&&

•  Color&

•  Ash&content&

•  Par@cle&size&

•  Damaged&starch&

•  Amylase&ac@vity&

PARAMETERS))OF))SEMOLINA)QUALITY)

from%the%pasta>maker%point>of>view%

•  cooking&behaviour&

•  typical&yellow&color&

•  absence&of&defects&(black,&brown&specks&and&white&spots)&

PARAMETERS))OF)PASTA)QUALITY))

from)the)consumer)point`of`view)

The)role)of)raw)materials)
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Measuring)gluten)strength))

Test) Principle) Time)
)required)

Sample))
amount)

Gluten&Index&
It&measures&the&amount&of&wet&gluten&remaining&
on&a&specially&constructed&sieve&aser&
centrifuga@on&under&standardized&condi@ons&

~15&min& 10g&

Glutograph&
It&measures&the&extensibility&and&elasicity&of&
washed&wet&gluten,&isolated&from&flour/semolina&

~15&min& 10g&

Alveograph&
&It&measures&resistance&to&3QD&extension&of&a&thin&
sheet&of&dough&prepared&at&a&constant&hydra@on&
level&(43.3%)&

~50Q60min& 250g&

GlutoPeak&
It&measures&torque&and&@me&&
required&for&gluten&aggrega@on&&

~5&min& 8.5Q10g&

Measuring)gluten)strength:)the)Glutograph)test)

"  Extensibility:&the&gluten&network&deforms&
instead&of&break&

"  Elas@city:&the&gluten&network&is&able&to&resume&its&
shape&aser&being&stretched&

It&measures&the&extensibility)and)elas+city)of)washed)wet)gluten,&
isolated&from&flour/semolina&

The&measuring&system&consists&of&two&parallel,&
round,&corrugated&plates&mounted&at&a&defined&
distance&opposite&to&each&other.&&
&
The&sample&is&put&in&between&these&two&plates.&&
&
While&the&upper&plate&stands&s@ll,&the&lower&one&
is&turned&with&a&constant&force&Q&independent&of&
shear&angle&and&sample.&&

K)–)FORZA&TANGENZIALE&RISULTANTE&NELLO&
SFORZO&DI&TAGLIO&DEL&CAMPIONE&DI&GLUTINE&
α – ANGOLO&DELLO&SFORZO&CORRESPONDENTE&A&
0Q1000&BU&

PIATTO&FISSO


CAMPIONE&GLUTINE


PIATTO&GIREVOLE


K 
α

Measuring)gluten)strength:)the)Glutograph)test)

It&measures&the&extensibility)and)elas+city)of)washed)wet)gluten,&
isolated&from&flour/semolina&

#&

#
&

"  Extensibility:&the&gluten&network&deforms&
instead&of&break&

"  Elas@city:&the&gluten&network&is&able&to&resume&its&
shape&aser&being&stretched&

Measuring)gluten)strength)

GLUTOGRAPH&GLUTEN&

DURUM%

WHEAT%

COMMON%
WHEAT%or%
%poor%
%quality%%
semolina%

Resistant&to&extension


Extensible&and&elas>c&gluten


#&

#&

Measuring)gluten)strength:)the)Glutograph)test)

High&loss&values&correspond&to&low&firmness&and,&likely,&to&“weak”&
material&structures&whereas&low&values&are&representaNve&of&high&
firmness&and&strong&(sNff)&structures&

Measuring)gluten)strength)

Test) Principle) Time)
)required)

Sample))
amount)

Gluten&Index&
It&measures&the&amount&of&wet&gluten&remaining&
on&a&specially&constructed&sieve&aser&
centrifuga@on&under&standardized&condi@ons&

~15&min& 10g&

Glutograph&
It&measures&the&extensibility&and&elasicity&of&
washed&wet&gluten,&isolated&from&flour/semolina&

~15&min& 10g&

Alveograph&
&It&measures&resistance&to&3QD&extension&of&a&thin&
sheet&of&dough&prepared&at&a&constant&hydra@on&
level&(43.3%)&

~50Q60min& 250g&

GlutoPeak&
It&measures&torque&and&@me&&
required&for&gluten&aggrega@on&&

~5&min& 8.5Q10g&
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Measuring)gluten)strength:)the)Alveograph)test)
It&measures&resistance)to)3`D)extension)of&a&thin&sheet&of&
dough,&prepared&at&a&constant&hydra@on&level&

P"="Tenacity"(resistance"to"extension)

L"="extensibility

W"="baking"strength"(curve"area)

Ie"="P200/P,"elasAcity"index"(P200:"pressure"4"cm"from"the"start"
of"the"curve,"Ie"will"be"0"if"the"extensibility"is"shorter"than"4"cm)


Measuring)gluten)strength)

GLUTOGRAPH& ALVEOGRAPH&GLUTEN&

DURUM%

WHEAT%

COMMON%
WHEAT%or%
%poor%
%quality%%
semolina%

Measuring)gluten)strength)

Test) Principle) Time)
)required)

Sample))
amount)

Gluten&Index&
It&measures&the&amount&of&wet&gluten&remaining&
on&a&specially&constructed&sieve&aser&
centrifuga@on&under&standardized&condi@ons&

~15&min& 10g&

Glutograph&
It&measures&the&extensibility&and&elasicity&of&
washed&wet&gluten,&isolated&from&flour/semolina&

~15&min& 10g&

Alveograph&
&It&measures&resistance&to&3QD&extension&of&a&thin&
sheet&of&dough&prepared&at&a&constant&hydra@on&
level&(43.3%)&

~50Q60min& 250g&

GlutoPeak&
It&measures&torque&and&@me&&
required&for&gluten&aggrega@on&&

~5&min& 8.5Q10g&

Measuring)gluten)strength:)the)GlutoPeak)test)

"  Rapid&(<5&min)&
"  SmallQscale&(<10g)&
"  High&shearQbased&(up&to&3,000&rpm)&
"  No&sample&prep&
"  Easy&to&clean&

It&measures&the&gluten)aggrega+on)
proper@es& Descrip+on)how)to)run)the)new)test&

1.&Insert&the&paddle&into&the&device&(Fig.&1)&

2.&10g&solvent&(water)&will&be&weighed&out&in&the&sample&cup&&

3.&The&cup&will&be&placed&in&the&instrument&(Fig.&2)&&

4.&The&sample&is&added&with&a&hopper&into&the&cup&(Fig.&3)&

5.&The&measuring&head&is&placed&in&the&star@ng&posi@on&(Fig.&4)&

6.&The&instrument&starts&automa@cally&and&mixes&the&sample&

7.&The&sosware&will&automa@cally&record&and&display&the&data&

Measuring)gluten)strength:)the)GlutoPeak)test)

"  Rapid&(<5&min)&
"  SmallQscale&(<10g)&
"  High&shearQbased&(up&to&3,000&rpm)&
"  No&sample&prep&
"  Easy&to&clean&

It&measures&the&gluten)aggrega+on)
proper@es&

•  Aser&a&@me&(dependent&on&the&property&of&
the&sample),&the&gluten&aggregates&

•  A&uniform&gluten&network&is&formed,&which&
results&in&a&strong&increase&in&torque&

•  Further&mixing&destroys&the&network,&the&
torque&decreases&&

Measuring)gluten)strength:)the)GlutoPeak)test)

"  Rapid&(<5&min)&
"  SmallQscale&(<10g)&
"  High&shearQbased&(up&to&3,000&rpm)&
"  No&sample&prep&
"  Easy&to&clean&

It&measures&the&gluten)aggrega+on)
proper@es&

MarN&et&al.&J&Cereal&Science&66,&89@95&

•  Maximum&Torque&is&correlated&to&gliadin&
content&(r=0.70;&p<0.001;&n=19)&

•  AggregaNon&Nme&and&Energy&are&
correlated&to&glutenin&(r=0.72;&p<0.001)&
and&GMP&(r=0.77;&p<0.001;&n=19)&
content&

GLUTENINS 

GLIADINS 
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Measuring)gluten)strength:)the)GlutoPeak)test) Measuring)gluten)strength:)the)GlutoPeak)test)

BEFORE&PEAK&& AFTER&PEAK&@PEAK&

Marti et al, Cereal Chem. 91, 542–547  

GLUTEN&

Poor%
%quality%%
semolina%

Good%
%quality%%
semolina%

Measuring)gluten)strength:)the)GlutoPeak)test)

Good  
pasta-making performance: 

W>250 *10-4 J 

Poor  
pasta-making performance: 

W<180 *10-4 J 

Marti et al, Cereal Chem. 91, 542–547  
N= 30 durum wheat varieties 

Medium  
pasta-making performance: 

180<W<250 *10-4 J 

Good  
pasta-making performance: 

W>250 *10-4 J 

Poor  
pasta-making performance: 

W<180 *10-4 J 

Measuring)gluten)strength:)the)GlutoPeak)test)

"  N=30 samples 

"  LT drying 

Measuring)gluten)strength:)the)GlutoPeak)test)

Partial Least Squares Regression (PLSR), n = 120 

Marti et al, LWT 64, 95-103 

•  Maximum&Torque&is&able&to&predict&the&protein&content&and&farinograph&water&absorpNon&
•  AggregaNon&energy&index&is&able&to&predict&the&convenNonal&parameters&related&to&dough&

mixing&stability,&tenacity,&strength,&and&resistance&to&extension&&

Measuring)gluten)strength:)the)GlutoPeak)test)
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Measuring)gluten)strength:)the)GlutoPeak)test)

Marti et al, Cereal Chem. 91, 542–547  

Marti et al. J Cereal Science 66, 89-95 

Bouachra et al, J Cereal Sci 76, 8-16 

Malegori et al, J Cereal Sci accepted 

Measuring)gluten)strength)

GLUTOGRAPH& GLUTOPEAK&ALVEOGRAPH&GLUTEN&

DURUM%

WHEAT%

COMMON%
WHEAT%or%
%poor%
%quality%%
semolina%

19
80
& Pasta&from&durum&

wheat&semolina& 20
00
&

GlutenQfree&pasta&

20
15
& Wholegrain&pasta&

To
da
y&

PreQcooked&pasta&

The)role)of)raw)materials)

Malegori&et&al.,&2018&

Weakening&of&gluten&network&

19
80
& Pasta&from&durum&

wheat&semolina& 20
00
&

GlutenQfree&pasta&

20
15
& Wholegrain&pasta&

To
da
y&

PreQcooked&pasta&

• &Worsening&of&cooking&quality&

Weakening&of&gluten&network&

!  Solu+ons:) • &Formula+on:)

Using&high&quality&semolina&

Adding&vital&gluten&&

• &Processing:)

PreQprocessing&(debranning,&air&classifica@on)&

Kneading&&

Shaping&

The)role)of)raw)materials)&)processing)

!  Principle:& Sequen@al&and&controlled&removal&of&grain&layers&by&
abrasion&(pearling)&

•  Selec@ve&separa@on&of&the&outer&layers&of&the&
kernels&which&rich&in&bioac@ve&compounds&

•  Addi@on&of&less&quan@ty&of&material&with&the&

same&content&of&bioac@ve&compound&

!  Advantages:&

Stereo-microscope images of purple wheat kernel before A) and after the first B) or second C) 

debranning step  

The)role)of)processing:)debranning)

PQCF&
100%&&

Wheat&flour&

PQF1&
85.8%&WF&
14.2%&F1&

PQF2&
80.0%&WF&
21.1%&F2&

PQCB&
79.6%&WF&
20.4%&CB&

Formula+on)of)enriched)pasta)in)bran)(P`CB))or)in)debranning)frac+ons)(P`F1;)P`F2).)

Fiber)content)
8.5%)

The)role)of)processing:)debranning)
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PQCF&
100%&&

Wheat&flour&

PQF1&
85.8%&WF&
14.2%&F1&

PQF2&
80.0%&WF&
21.1%&F2&

PQCB&
79.6%&WF&
20.4%&CB&

Formula+on)of)enriched)pasta)in)bran)(P`CB))or)in)debranning)frac+ons)(P`F1;)P`F2).)

Fiber)content)
8.5%)

The)role)of)processing:)debranning)

Figure&from&Poutanen,&2012,&Trends&in&Food&Science&&&Technology&25,&58@62&

!  Principle:&

!  Advantages:&

The&combina@on&of&air&currents&with&centrifugal&force&
can&separate&flour&par@cles&into&different&frac@ons&
according&to&size&and&density&

•  To&obtain&frac@ons&with&higher&contents&of&
compounds&of&interest.&&

•  Addi@on&of&less&quan@ty&of&material&with&the&

same&content&of&bioac@ve&compound&

The)role)of)processing:)air`classifica+on)

19
80
& Pasta&from&durum&

wheat&semolina& 20
00
&

GlutenQfree&pasta&

20
15
& Wholegrain&pasta&

To
da
y&

PreQcooked&pasta&

• &Worsening&of&cooking&quality&

Weakening&of&gluten&network&

!  Solu+ons:) • &Formula+on:)

Using&high&quality&semolina&

Adding&vital&gluten&&

• &Processing:)

PreQprocessing&(debranning,&air&classifica@on)&

Kneading&&

Shaping&

The)role)of)raw)materials)&)processing) The)role)of)processing:)kneading)
!  Aim:&

!  Issues:&

•  Dosing&the&raw&materials&
•  Water&distribu@on&
•  Protein&hydra@on&

•  Compe@@on&of&fiber&and&proteins&for&water&

!  Solu@ons:&

•  Homogenous&water&distribu@on&within&the&flour&

PREMIX)

Water 

Semolina 

KNEADING 

SHAPING 

DRYING 
4)÷24)hours)and)more)

HT)cycles:)+ll)90°C;)LT)cycles:50`55°C))

Dried Pasta 

!  Aim:&

!  Issues:&

•  Dosing&the&raw&materials&
•  Water&distribu@on&
•  Protein&hydra@on&

•  Compe@@on&of&fiber&and&proteins&for&water&

!  Solu@ons:&

•  Homogenous&water&distribu@on&within&the&flour&

•  Water&distribu@on&towards&unhydrated&semolina&par@cles&&

Advantages)
•  No&mechanical&ac@on:&limited&oxida@on&to&the&top&layer&&&
•  No&dirty&materials&in&the&system&&
•  Easy&to&clean&

BELTMIX)

The)role)of)processing:)kneading)
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GlutenQfree&pasta&
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& Wholegrain&pasta&
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PreQcooked&pasta&

• &Worsening&of&cooking&quality&

Weakening&of&gluten&network&

!  Solu+ons:) • &Formula+on:)

Using&high&quality&semolina&

Adding&vital&gluten&&

• &Processing:)

PreQprocessing&(debranning,&air&classifica@on)&

Kneading&&

Shaping&

The)role)of)raw)materials)&)processing)
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!  Aim:&

!  Issues:& •  Weakening&of&gluten&network&by&fiber&

!  Solu@ons:&

•  alignment&of&protein&fibrils&

The)role)of)processing:)shaping)

Water 

Semolina 

KNEADING 

SHAPING 

DRYING 
4)÷24)hours)and)more)

HT)cycles:)+ll)90°C;)LT)cycles:50`55°C))

Dried Pasta 

•  &(Par@al)&gluten&development&
•  &Forma@on&of&an&homogeneous&mixture&
•  &Shaping&the&product&

Extrusion&

&&&&&&&30)%)H2O))
)))))))2)÷)3)min)
)))))45)÷)55°)C)
)))))90)÷)120)atm)
)))))))9)÷)12)MPa)

SheeNng&

32)÷)33)%)H2O;)5)÷)20)min;)20)÷)30°)C)
No)over)pressure)

(but&in&the&contact&point&of&rolls)&

LOW&PRODUCTIVITY&
(100÷1000&kg/h)&

HIGH&PRODUCTIVITY&
(1000÷10000&kg/h)&

!  Aim:&

!  Issues:& •  Weakening&of&gluten&network&by&fiber&

!  Solu@ons:&

•  alignment&of&protein&fibrils&

•  &(Par@al)&gluten&development&
•  &Forma@on&of&an&homogeneous&mixture&
•  &Shaping&the&product&

•  sample&A:&extrusion&
•  sample&B:&shee@ng&
•  sample&C:&extrusion&+&shee@ng&

The)role)of)processing:)shaping)

Take)home)points)

•  &Pasta&cooking&quality&is&defined&by&both&the&characteris@cs&of&the&raw&materials&and&the&processing&

condi@ons.&

•  Some&processing&condi@ons&(e.g.&HT&drying)&can&improve&the&cooking&quality&of&pasta&made&from&raw&

materials&with&poor&technological&quality&but&they&can&not&delete&the&differences&among&semolina&

samples&with&different&pastaQmaking&ap@tude.&

•  While&formula@ng&healthy&cereal&based&products,&industries&need&to&balance&nutri@onal&value&(i.e.&

fiberQenrichment&level)&with&product&quality.&&

•  Non&conven@onal&rawQmaterials&can&be&used&but&balanced&formula@on&(high&protein&semolina),&

peculiar&preQprocessing&(debranning)&and&pastaQmaking&condi@ons&(shee@ng,&LT&drying)&are&needed&to&

counteract&their&poor&technological&proper@es.&

aetc.es 

Gracias!)


