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Pasta: an evolving product
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Pasta cooking quality: the role of raw material Ei Simplicity of formulation (ony 2 ngredients) Cooking quality:
d h ff f . *  Low cost and long shelf-life (3 years) + Low cooking loss
and the effect of processing + Easy preparation and adaptability to different tastes  + Al dente firmness (degree of resistance to the first bit)
and traditions *  Absence of stickiness (force with which it adheres to other materials)
. + Balanced from a nutritional standpoint (sauces) * Low bulkiness (adhesion rate of cooked pasta strands among them)
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Cooking quality Cooking quality
GuTen awren
+ ¥ starch gelainization prevails on protein coagulation
. T>eoc
+  Formation of an undeformable network [Cooking quality: +  Formation of an undeformable network: o
« Keeping the starch materials inside the pasta + Keeping the starch materials inside the pasta
+  Low cooking loss PPOOR COOKING QUALITY
* Al dente firmness (degree of resistance to the first bite)
STARCH = Absence of stickiness (force with which it adheres to other materials) STARCH | i + If protein coagulation contains starch gelatinization
*  Low bulkiness (adhesion rate of cooked pasta strands among them)
oo T>e0c . Toe0C
E Excess of water d E Excess of water
*  Progressive swelling till gelatinisation *  Progressive swelling till gelatinisation
* Partial solubilisation *  Partial solubilisation
* Dispersion of starch materials on pasta surface « Dispersion of starch materials on pasta surface 600D COOKING QUALITY.
and into cooking water andinto cooking water
Cooking quality @ The role of raw materials
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@ The role of raw materials & processing @
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@ The role of raw materials & processing @

GLUTEN ‘
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semolina 1 1 cohesion - into a dough that is shaped into semolina 1 1
| | fresh pasta (characterized by 30% moisture 1
content and, consequently, by a short shelf- J \
1 1 life) and stabilized by drying in dried pasta 1 .
. N (moisture content=12.5%; shelf-life >3 y
years)
@ The role of raw materials & processing @ @ The role of raw materials & processing @
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@ The role of raw materials & processing @

HT drying - Issues:

« Heat-Damage: loss of lysine bi

formation of new molecules (2) .
sensory modifications

the amount of unavailable Lysine is 30 - 50%!
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@ The role of raw materials & processing @

PARAMETERS OF PASTA QUALITY

from the consumer point-of-view

PARAMETERS OF SEMOLINA QUALITY
from the pasta-maker point-of-view

Gluten tenacity and strength + cooking behaviour

Color + typical yellow color

Ash content « absence of defects (black, brown specks and white spots)

Particle size
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The role of raw materials & processing @

PARAMETERS OF SEMOLINA QUALITY
from the pasta-maker point-of-view

PARAMETERS OF PASTA QUALITY ‘

from the consumer point-of-view

Gluten tenacity and strength + cooking behaviour

Color + typical yellow color

Ash tent
sh content + absence of defects (black, brown specks and white spots)

Particle size

N

Damaged starch « The higher the extraction rate, the higher the ash content and amylase activity

« The finer the particle size, the higher the damaged starch content

Amylase activity

Semolina

a-amilases =0.13-020 Ul/g
Damaged starch = 4.7 - 5.5%

FUR= 317 100 gt

Re-milled semolina

a-amilases =0.13-0.20 Ul/g
Damaged starch => 10 %

aeamilases =0.4-0.7 Ul/g
Damaged starch = 7-10%

@ The role of processing: debranning

Q Principle: Sequential and controlled removal of grain layers by
abrasion (pearling)
QO Advantages: * Decrease in ash content

* Decrease in amylase activity

CHANGES OF CHEMICAL AND TECHNOLOGICAL INDICES PROMOTED BY
DEBRANNING

(Control: non debranned kernels)

100 3 ¢

jul

Control =0
10 s
-20

-30
abrasive rolls covered by innovative material -0 o vwk O swk
synthetic diamond powder 50

from: Pagani et al, 2002

The role of raw materials & processing @

Pasta from refined semolina

N ]

Industial pasta

wo | MT drying cycle N e

LT drying cycle
Marti et al. unpublished Camploat &

Min | Max ([Average| Median

Industrial pasta (

0) 340 | 620 | 441 435

Artisanal pasta (n=13) 70 | 500 176‘ 130

@ The role of raw materials & processing @

Pasta from refined semolina

| resmaizoss

Pasta from wholegrain semolina

i pona ] [Frodorsr e

Farvans
(11002 proteine)

g cycle

MT drying cycle

1234567 8900112131415161718192021222324
Cumpior
Marti et al unpublished v Whalegrain pasta

Min | Max [Average| Median

Refined semolina pasta (n=20) 340 | 620 | 441 435

Characterization of Whole Grain Pasta:
Integrating Physical, Chemical, Molecular,
[

Wholegrain pasta (n=13) 195 | 836 | 595 ‘ 678

Sensory Approaches

Scont Pl Compomn

The role of raw materials & processing @

E-tongue

“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
bitter and were characterized by
e-nose sensors specific for
aromatic compounds.”

Mors e 1.1 Food cence, 207,82, 25832590

@ The role of raw materials

PARAMETERS OF PASTA QUALITY

from the pasta-maker point-of-view from the consumer point-of-view

* Gluten tenacity and strength + cooking behaviour
" olor

+ typical yellow color

PARAMETERS OF SEMOLINA QUALITY ‘ ‘

*  Ash content « absence of defects (black, brown specks and white spots)
« Particle size
* Damaged starch

+ Amylase activity
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’(& Measuring gluten strength Measuring gluten strength: the Glutograph test

It measures the extensibility and elasticity of washed wet gluten,

Time Sample isolated from flour/semolina

Test Principle required | amount

It measures the amount of wet gluten remaining
Gluten Index | on a specially constructed sieve after ~15min | 10g
centrifugation under standardized conditions

= Extensibility: the gluten network deforms
l instead of break

It measures the extensibility and elasicity of

s = Elasticity: the gluten network s able to resume its
Glutograph |y ashed wet gluten, isolated from flour/semolina | ™" | 108 Shpe st boing stretehed
It measures resistance to 3-D extension of a thin
Alveograph | sheet of dough prepared at a constant hydration | ~50-60min | 250g
level (43.3%)
The measuring system consists of two parallel,
GlutoPeak It measures torque and time ~Smin | 85-10g PIATTOFISSO % round, corrugated plates mounted at a defined

required for gluten ageregation

distance opposite to each other.
PIATTO GIREVOLE
The sample is put in between these two plates.

. L1104 While the upper plate stands still, the lower one
K= FORZA TANGENZALE RISULTANTE NELLO i i
; | K FORIA TANGENZIALE RSULTANTE Nello is turned with a constant force - independent of
= 2 ANGOLO DELLO SFORLD CORRESPONDENTE A shear angle and sample.
010008

Measuring gluten strength: the Glutograph test ’ Measuring gluten strength

It measures the extensibility and elasticity of washed wet gluten, GLUTEN ‘ ‘ GLUTOGRAPH ‘

isolated from flour/semolina

=
L = = Extensibility: the gluten network deforms
J instead of break

= Elasticity: the gluten network is able to resume its
shape after being stretched

9 Resistant to extension

ol
T fom Tk

NN e ns common

> p ] WHEAT or
v/ o poor

v ] qualr(y > Extensible and elastic gluten
semolina
—_— o
% )

Angle (°)

Measuring gluten strength: the Glutograph test 4@ Measuring gluten strength

30 35 40 45 %0 55 €0 65 70 75 80 85 %0 95 100

}"',’ Temperature-imduced changes in dowugh clasticity 2 3 useful tod | Time Sample
=\ o eaning e e o o pt Test Principle required | amount
- — W Dough Sem A It measures the amount of wet gluten remaining
Y isp ® Dough Sem B Gluten Index on a specially constructed sieve after ~15 min 10g
Duugh Sem € centrifugation under standardized conditions
00 .  Duugh Sem D "
\ . i . eh Slutograph It measures the extensibility and elasicity of 15 min 0
Angle. -~ Temperature - % £, ‘., 6rap washed wet gluten, isolated from flour/semolina 8
o 3 Ce e .. It measures resistance to 3-D extension of a thin
= S .. Alveograph sheet of dough prepared at a constant hydration | ~50-60min | 250g
60 5 2 level (43.3%)
o F 2 Itme torque and tim:
£ GlutoPeak fmeasures torque ai e ~Smin | 8.5-10g
g required for gluten aggregation
]
&

Temperature (°C)

| 10 b
0 0 1000 1500 2000 2500 3000 sse | Highloss values correspond to low firmness and, likely, to “weak” 3 (w
material structures whereas low values are representative of high =1 5
Time (s) ’ : =
firmness and strong (stiff) structures
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Measuring gluten strength: the Alveograph test

&

Pan bread _

It measures resistance to 3-D extension of a thin sheet of
dough, prepared at a constant hydration level

fenacity (resistance to extension)

tensibilty

W = baking strength (curve area)

le = P200/B elasticty index (P200: pressure 4 cm from the start
of the curve, le will be 01 the extensibiltyis shorter than 4 cm)

Bisuts

Measuring gluten strength

GLUTEN ‘ ‘ GLUTOGRAPH ‘ ‘ ALVEOGRAPH ‘

DURUM
WHEAT

[COMMON
WHEAT or
poor
quality
semolina

alot|

Measuring gluten strength

Test Principle Time | Sample
required | amount

It measures the amount of wet gluten remaining

Gluten Index | on a specially constructed sieve after ~15min | 10g
centrifugation under standardized conditions
It measres the extensibility and elasicity of .

Glutograph washed wet gluten, isolated from flour/semolina 15min | 10g
It measures resistance to 3-D extension of a thin

Alveograph | sheet of dough prepared at a constant hydration | ~50-60min | 250g
level (43.3%)

Slutopesk It measures torque and time smin | 85108
required for gluten aggregation

| &) gum R

Measuring gluten strength: the GlutoPeak test

It measures the gluten aggregation
# Bgreg Description how to run the new test

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

= Rapid (<5 min) .

+ smallscale (<10g) 2.10g solvent (water) will be weighed out in the sample cup

= High shear-based (up to 3,000 rpm) 3. The cup will be placed in the instrument (Fig. 2)

= Nosample prep

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

5. The measuring head is placed in the starting position (Fig. 4)
6. The instrument starts automatically and mixes the sample

7. The software will automatically record and display the data

oL, =X, “J!

.
Fig.3 fes

Measuring gluten strength: the GlutoPeak test

After a time (dependent on the property of
the sample), the gluten aggregates

It measures the gluten aggregation
properties

Rapid (<5 min)
Small-scale (<10g)

High shear-based (up to 3,000 rpm)
No sample prep

Easy to clean

Teraue I8

«m

A uniform gluten network is formed, which o L 0 10
results in a strong increase in torque

Time ]

Further mixing destroys the network, the
torque decreases

@

It measures the gluten aggregation
properties

Measuring gluten strength: the GlutoPeak test

Rapid (<5 min)
Small-scale (<10g)
High shear-based (up to 3,000 rpm)
No sample prep
Easy to clean

Maximum Torque is correlated to gliadin
content (r=0.70; p<0.001; n=19)
Aggregation time and Energy are
correlated to glutenin (r=0.72; p<0.001)
and GMP (r=0.77; p<0.001; n=19)
content

Mart et al.J Cereal Science 66, 89-95
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Measuring gluten strength: the GlutoPeak test

Measuring gluten strength: the GlutoPeak test

[ ewnen ]

BEFORE PEAK ‘ ‘ @PEAK ‘ ‘

4 Good
quality
semolina
Poor
quality
semolina
Marti et al, Cereal Chem. 91, 542-547
Measuring gluten strength: the GlutoPeak test Measuring gluten strength: the GlutoPeak test
Poor quality Characterization of Durum Wheat Semolina by Means of a Rapid
© Medium quality Shear-Based Method
© Good quality
Alessandra Mart,'? Crstina Cecchin, Maria Grazia D"Egidio, Jens Dreisoemmer, and Maria Ambrogina Pa
PMT<100s
. AwsTRACT Coral Coem. 9161 83-587
TABLEV
Correlation Coefficients o Pasta Quality Attributes and Rheological Indices*
Stckiness Fiemacss Bulkines Overall Score
All Samples  30<Gl<65  AllSamples 30<GI<65 AllSamples 30<GI<65 AllSamples 30 <Gl<6S
Index n=30) =9 o P n=30) =9 e
Ghucninden o Vs - 050 [T
. Maximum torque s P a2 30
Pok maimamtime s - - s s
o 500 1000 1500 2000 2500 3000 3500 4000 y s o8 0.50%++ 0.49%%+
Energy (AU) Waivcograptic osieee 055+ Oosee 076 -
e —— iate P <0.1,005, 203 001, respecively: and s = o igifcant
Poor Medium Good . e
pasta-making pasta-making pasta-making performance: N=30 samples
W<180 *104J 180<W<250 *10* J W>250 *104J = LTdrying
N= 30 durum wheat varieties
Marti et al, Cereal Chem. 91, 542-547

=

Measuring gluten strength: the GlutoPeak test

Hz0 GlutoPeak indices
[ Partial Least Squares Regression (PLSR), n =120 | ot 0 ¢

Ws R Ry

Protein content (¢/100 ) 087 085
Farinograph Water absorption () (Far-Abs) 0 0%

Dough development time (min) (Far-Dev) s o

Stability (min) (Far-Stab) 090 088
Alveograph W10°Y) (AN-W) 083 081

PILAN-PIL) 04 037

P (mmk;0) (AN-P)

L(men) (AN-L) 005 -005

Extensograph 45 min  Energy (am?) (Ext_45€n)
Resistance 1o extension (BU) (Ext_45Res)
Extensibilty (mm) (Ext 45Ext)
Max resistance 0 extension (BU) (Ext_45Max)
Ratio (Ext 45%at)
Ratio max (Ext 45RaMax)

* Maximum Torque is able to predict the protein content and farinograph water absorption
« Aggregation energy index is able to predict the conventional parameters related to dough
mixing stability, tenacity, strength, and resistance to extension

Mt ot a, LWT 64, 95-103

@

Measuring gluten strength: the GlutoPeak test

VAN

5.5 g gluten 12 mi water 3000rpm  30°C P
9.2¢ 10.8 mi water 3000rpm  30°C Covest hem w2929
109¢ 9.1 ml water 3000 rpm. 30°c e

10 ml water/salt = Food Research Internations 44,
sg e 2750mm  35°C polurey
858 9.5ml0.SMCaci2 1900 3acc 1 Food Quatiy 35, 68.75
94g 8.6 mi water 2196 pm  35°C JCerent 51 50, 503507
sg 10 mi water 2750pm  35°C g
o 9 ml water 3000rpm  35°C 1 Food Quaty 36, 133138
sg 10 mi water 3000 rp 3s'c Coreal Chem. 91318320
og | water 2750mm  35°C Careal Chem. 91:542-547
85e 95mI0.5MCaCl2 1900 rpm  34°C J Coresl Sci 66, 89.95
10 mi water N
o o e 3000mm  35°C wr 4, 95103
o8 9 mi water 3000rpm  36°C
e 9 mi water 2750pm  36°C
og 10 mi water 2750mm  35°C
858 95mI0.5MCaCl2  19001pm  34°C
8¢ 10 mi water 2700rpm  34°C 1 Coreal 5 76, 116-121
85g 95mI0.5MCacl2 1900 rpm  34°C Corenl Chem 94:723.732
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”(@ Measuring gluten strength: the GlutoPeak test

N

Mart et a3 ereal Science 66,3995

S0 | Maximum torquo (85)

Torque (BE)

o Enoray (A0)

e
z s

o 1 H
Time (min)
Mort et a,Cereal Chem. 1, 532-547

Malegor et a, ) Coreal & accepted

’ Measuring gluten strength

GLUTEN ‘ ‘ GLUTOGRAPH ‘

GLUTOPEAK

‘ ALVEOGRAPH ‘ ‘

DURUM
WHEAT

[COMMON
WHEAT or
poor
quality
semolina

@ The role of raw materials

Wholegrain pasta Pre-cooked pasta

2015

2| |pastafromdurum g g ¥
3 | wheat semolina 5 | (& JjGluten-free pasta
=

Today

Weakening of gluten network

Torque (BE)
3 8

Malegorietal, 2018 Time (s)

@ The role of raw materials & processing @
|G\ulen»free pasta é | gj Wholegrain pasta
=

2000

8 Pasta from durum
a ‘wheat semolina

Today

Pre-cooked pasta

Weakening of gluten network

* Worsening of cooking quality

Q Solutions:  « Formulation:
Using high quality semolina
Adding vital gluten

= Processil

Pre-processing (debranning,

Kneading

Shaping

@ The role of processing: debranning

Sequential and controlled removal of grain layers by

Q Principle: :
abrasion (pearling)

O Advantages: = Selective separation of the outer layers of the
kernels which rich in bioactive compounds
Addition of less quantity of material with the
same content of bioactive compound

no W LWT - Food Science and Technology

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

@ The role of processing: debranning

Dietary Fiber e
Total (TOF)___ Insoluble (IDF) Soluble (SDF)  (1g/2) (umol Fe(lyg)
Whole Purple Kemel 14512009 125204 (56) 20 (14) 522040  42201°
Conventional milling Flour 360+ 008  1.05:0047(28)  26(71) nd. 0.45 = 005"
Bean > 435:04"  4136:002°(9) 17(4) —> 2857 127 r02"
Middlings 7582003 548:003°(72)  21(28) 81s03° 2.08 +0.02%
Debranning Fraction 1 =——b 626037 601 £04°(95)  25(4) ——> 695 64 25412
Fraction 2 421508 396:05(34)  25(6) 2052 21" 26+ 3
Milling after debranning ~ Flour 270:006" 089:006'(33)  18(67) nd. 0.25 £001°
339:02¢  274:024(81)  65(19) 3 1323°
Middlings 951 + 007° 493 £002°(52) 46 (48) 119 +04° 25+ 0.2
pcF pcB p-F1 P-F2
100% 79.6% WF 85.8% WF 80.0% WF
Wheat flour 20.4% CB 10.2%FL 21.1%F2

Fiber content PR
e

B) or i ing fractions (P-F1; P-F2).

= e e ——x




06/11/19

@ The role of processing: debranning

a1 cooking time, water absorption, cookin
R

cooked
s

p.C. control lour: P-CB, CB-
enriched wheat pasta; P-F2,

[ (X v vz
7 s 2 @

1286 208 105110 nos2r | 12700
25204 | 282000|| 32.03 | 382003
2412004 26201° | 23:02¢

679209 | 60

0ss: 1~ 5: PRAP and Anthocy,

Dirteren et isically sgnifican diffeences (1501
b 005
. ot determincd.
P-CF P-CB PFL P2
100% 79.6% WF 85.8% WF 80.0% WF
Wheat flour 20.4% CB 14.2% F1 21.1%F2
fiber content e —_
o e —
- B S—
B) or i ing fractions (P-F1; P-F2).

@ The role of processing: air-classification

Q Principle:  The combination of air currents with centrifugal force
can separate flour particles into different fractions

according to size and density
O Advantages: « To obtain fractions with higher contents of
compounds of interest.

« Addition of less quantity of material with the
same content of bioactive compound

components of barley flours.

TOC Ao Micronized — 25T Er
@ 104 1 prr)
a2 284 1360 a355 > 255
2 612 1267 =
Prora  Micronized - 1374 53¢ '
a1 165 156 E
a2 298 144>
2 537 1240 o7

F1 and CF2 are the coarse fractions from the first and second
respectively: FI2 is the fine fraction from the second air dassification (s
d a significant effect of genotype and flour fraction as well as their
cach component (p < 0.0
ed by the same et

inerac

are not significanty di

Val nt (p < 0.05:
Tukey test)

@ The role of raw materials & processing @
% |Gluten-(ree pasta

Pasta from durum

a | wheat semolina Pre-cooked pasta

2015

J Wholegrain pasta

Today

Weakening of gluten network

« Worsening of cooking quality

Q solutions:  « Formulation:

Using high quality semolina

Adding vital gluten

« Processing:

Pre-processing (debranning, air classification)

Kneading

HapnE

Q Aim: ¢

O Issues: o

Q Solutions:

Dosing the raw materials

@ The role of processing: kneading
PREMIX

Water distribution
Protein hydration

Competition of fiber and proteins for water

Homogenous water distribution within the flour

@ The role of processing: kneading

Q Aim:  * Dosing the raw materials
Water distribution
Protein hydration

BELTMIX

Q Issues: = Competition of fiber and proteins for water
Q Solutions:

« Homogenous water distribution within the flour
* Water distribution towards unhydrated semolina particles

Advantages

+ No mechanical action: limited oxidation to the top layer
*  Nodirty materials in the system

+ Easytoclean

H Pasta fromdurum S @ v 0 Wholegrain pasta

@ The role of raw materials & processing @

Pre-cooked pasta

Today

Weakening of gluten network

« Worsening of cooking quality

Q Solutions:  « Formulation:

Using high quality semolina
Adding vital gluten

« Processing:

Pre-processing (debranning, air classification)

Kneadin
Shaping

v
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Q Aim:

Q Issues: + Weakening of gluten network by fiber

0 Solutions:

@ The role of processing: shaping

(Partial) gluten development
Formation of an homogeneous mixture
Shaping the product

Semolina

3|

KNEADING

SHAPING
Sheeting | ]
DRYING

28 hours and more
HT cycles: il 90°C; LT cycles:50-55°C

Water

« alignment of protein fibrils

[ owwor ]|

@ The role of processing: shaping

Q Aim: + (Partial) gluten development
« Formation of an homogeneous mixture
+ Shaping the product Original article

Quality characteristics of dried pasta enriched with buckwheat

O Issues: « Weakening of gluten network by fiber flour

Q Solutions:

« alignment of protein fibrils

Tahla 3 Cooking and textural properties of Pizzace heri samples

Betore cooking

Aftor cooking

Optimal cooking  Water absorption  Solid content of cooking

N me) Serain

Adhesivensss

Pirracchari tiona o) o watar (3100 o) Modulus (N/mm®) ()
HIGH PRODUCTIVITY ' Smoes o oy Zoon e osen e
(1000+10000 kg/h) Dried Pasta Semplec 18 sob Soas G ooss  osev bpeed
o%no \BW PRODUCTIVITY WMeans followad by Gifforent etiars in a column are significantly Aifferent at F < 0.05.
1
2+3min (100+1000 kg/h)
: 32+33% H,0; 5+ 20 min; 20+ 30° C * sample A: extrusion
90+ 120atm No over pressure « sample B: sheeting
9+12MPa (but in the contact point of rolls) * sample C: extrusion + sheeting
&) Take home points Gracias!
.
= Pasta cooking quality is defined by both the characteristics of the raw materials and the processing
conditions. dornadas
R o N Técnicas
« Some processing conditions (e.g. HT drying) can improve the cooking quality of pasta made from raw o Comolit
materials with poor technological quality but they can not delete the differences among semolina
samples with different pasta-making aptitude. 0 o
* While formulating healthy cereal based products, industries need to balance nutritional value (i.e. aetc.es
fiber-enrichment level) with product quality. o
« Non conventional raw-materials can be used but balanced formulation (high protein semolina),
peculiar pre-processing ing) and past: king ditions (sheeting, LT drying) are needed to F E C
counteract their poor technological properties.
Potrcinodor PLATINO. Potrecnoderes 0RO, Patrochodeces AATA
mas Tarazona




