
Cereal Chemistry. 2021;00:1–5.	 		 		 |	 1wileyonlinelibrary.com/journal/cche

1  |   INTRODUCTION

The	production	of	100%	pulse	pasta	represents	the	most	
recent	 innovation	 in	 the	 pasta	 industry	 in	 response	 to	
the	consumer	request	 for	healthy	and	sustainable	 food	
products	 (Lascialfari	 et  al.,  2019;	 Tucci	 et  al.,  2021).	
Pasta	 from	 100%	 lentils,	 beans,	 green	 peas,	 and	 chick-
peas	 is	 currently	 available	 on	 the	 market;	 and	 differ-
ences	 in	 nutritional	 traits	 and	 cooking	 behavior	 have	

been	 reported	 for	 a	 few	 commercial	 products	 (Turco	
et al., 2019).	Such	differences	are	related	to	differences	in	
raw	materials	and	in	processing	conditions,	as	both	are	
known	to	drive	the	molecular	rearrangements	affecting	
the	quality	of	pasta	from	both	wheat	(Bock	et al.,	2015;	
Bonomi	 et  al.,  2012)	 and	 gluten-	free	 cereals	 (Barbiroli	
et al., 2013;	Marti	et al., 2010).	However,	no	information	
is	available	on	the	relation	between	starch	and	protein	
features	 and	 cooking	 behavior	 in	 pulse	 pasta.	 In	 this	
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Abstract
Background and objectives: Pulse	pasta	is	one	of	the	latest	responses	of	the	
food	industry	to	meet	the	consumers	request	for	healthy	and	sustainable	foods.	
Among	pulses,	red	lentils	and	chickpeas	are	the	preferred	raw	materials	for	mak-
ing	100%	pulse	pasta.	This	study	aimed	at	addressing	starch	and	protein	features	
in	commercial	pulse	pasta	to	provide	an	insight	on	how	their	molecular	organi-
zation	may	affect	cooking	behavior.
Findings: Differences	in	starch	pasting	profile	and	in	protein	overall	organiza-
tion	were	found	among	commercial	pasta	samples.	Considering	the	same	pulse,	
the	 best	 performing	 pasta	 showed	 a	 protein	 network	 characterized	 by	 a	 more	
compact	structure.	Regardless	of	the	producer,	lentils	gave	pasta	with	the	best	
cooking	behavior	(low	cooking	loss	and	high	firmness).
Conclusions: Cooking	quality	of	pulse	pasta	depends	on	both	the	type	of	pulse	
(chickpeas	or	red	lentils)	and	pasta-	making	process.
Significance and novelty: This	study	lays	some	molecular	groundwork	as	for	
elucidating	the	role	of	individual	pulses	and	of	the	pasta-	making	process	in	de-
termining	the	quality	of	pulse	pasta.
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study,	commercial	pasta	from	100%	chickpea	and	100%	
red	 lentil	 flours	 (each	 from	 two	 different	 brands)	 was	
characterized	 from	 several	 standpoints	 to	 address	 the	
nature	and	role	of	starch	and	protein	features	that	may	
impact	on	cooking	behavior.

2  |   MATERIALS AND METHODS

2.1  |  Pasta samples

Pasta	produced	by	two	companies	(brand	A	and	brand	B)	
was	considered.	For	each	brand,	two	production	batches	
of	pasta	 from	100%	chickpeas	and	100%	red	 lentils	were	
analyzed.	Chemical	composition	as	reported	in	the	label	
is	 shown	 in	 Table  S1.	 Pasta	 samples	 were	 used	 as such	
for	 assessing	 cooking	 quality.	 For	 furosine,	 starch,	 and	
protein	analysis,	pasta	samples	were	ground	to	<250 μm	
using	 a	 laboratory	 mill	 (IKA	 Universalmühle	 M20;	 IKA	
Laborteknic),	with	a	water-	cooling	system	to	avoid	over-
heating.	Furosine	was	determined	according	 to	Resmini	
et	al.	(1990).

2.2  |  Cooking behavior

Pasta	cooking	quality	(i.e.,	water	absorption,	cooking	loss,	
and	firmness)	was	assessed	at	the	optimum	cooking	time	
(7  min)	 and	 upon	 overcooking	 (9  min),	 as	 reported	 by	
Bresciani	et al. (2021).

2.3  |  Pasting properties

Pasting	 properties	 were	 evaluated	 by	 using	 a	 Micro	
Visco-	Amylo-	Graph	 (Brabender	 GmbH),	 using	 a	 heat/
cooling	rate	of	1.5°C/min	(Bresciani	et al., 2021).

2.4  |  Protein features

The	 nature	 of	 protein	 aggregates	 was	 assessed	 by	 the	
differential	 solubility	 approach	 followed	 by	 SDS-	PAGE	
(Barbiroli	et al., 2013;	Bonomi	et al., 2012)	with	modifica-
tions.	 In	 particular,	 ground	 pasta	 (0.15  g)	 was	 extracted	
in	5 ml	of	saline	buffer	(50 mM	phosphate	buffer,	0.1 M	
NaCl,	 and	 pH	 7),	 and	 the	 concentration	 of	 urea—	when	
present—	was	kept	at	4 M	instead	of	8 M.	Readily	accessi-
ble	and	total	thiols	were	assessed	by	adapting	the	original	
protocol	(Bonomi	et al., 2012),	by	using	0.05 g	sample	in	
6 ml	buffer	and	4 M	urea.

2.5  |  Statistical analysis

Three	independent	trials	were	carried	out	on	each	sample	
for	 water	 absorption,	 cooking	 loss,	 and	 texture	 analysis.	
Furosine,	 pasting	 properties,	 protein	 aggregation	 state,	
and	accessibility	of	protein	thiols	were	measured	in	tripli-
cate.	All	results	represent	the	average	of	the	data	from	two	
sample	batches.	Statgraphics	Plus	5.1	(StatPoint	Inc)	was	
used	for	data	analysis.

T A B L E   1   Cooking	behavior	of	
chickpea	and	red	lentil	pasta	from	
different	brands

Chickpea pasta Red lentil pasta

Sample 
A

Sample 
B

Sample 
A

Sample 
B

Heat	damage,	
uncooked	pasta

Furosine	
(mg/100 g)

96*** 926 91*** 699

Cooking	quality	
at 7 min

Water	absorption	
(g/100 g)

109 113 104 107

Cooking	loss	
(g/100 g	d.m.)

11.4*** 8.0 8.1*** 7.5

Firmness	(N) 282*** 411 398* 437

Cooking	quality	
at 9 min

Water	absorption	
(g/100 g)

113* 119 123 124

Cooking	loss	
(g/100 g	d.m.)

13.1*** 8.9 9.1** 8.0

Firmness	(N) 270*** 407 369** 439

Note: Asterisks	indicate	significant	differences	(t	test;	*p < .05;	**p < .01;	***p < .001).	Separate	t	test	was	
carried	out	for	chickpea	and	red	lentil	pasta.
Abbreviation:	d.m.,	dry	matter.
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3  |   RESULTS AND DISCUSSION

Data	 will	 be	 discussed	 focusing	 on	 the	 comparison	 be-
tween	pasta	samples	prepared	by	two	companies	(A	and	
B),	 rather	 than	 on	 the	 comparison	 between	 pasta	 sam-
ples	made	from	different	pulses	(chickpeas	or	red	lentils).	
Regardless	 of	 the	 producer,	 differences	 between	 pasta	
prepared	from	different	raw	materials	(chickpeas	and	red	
lentils)	are	expected,	due	to	differences	in	the	protein	na-
ture,	abundance,	and	organization	and	in	starch	structure	
between	the	two	types	of	pulses	(Boye	et al., 2010;	Keskin	
et al., 2021;	Wani	et al., 2016).	On	the	other	hand,	for	the	
same	 pulse,	 differences	 between	 brands	 A	 and	 B	 might	
be	accounted	by	pasta-	making	process	since	their	chemi-
cal	 composition—	as	 reported	 on	 the	 label—	was	 similar	
(Table S1).

Regardless	 of	 the	 type	 of	 pulse,	 sample	 A	 showed	
a	 higher	 cooking	 loss	 and	 lower	 firmness	 than	 sample	
B,	 either	 at	 optimal	 cooking	 time	 or	 upon	 overcooking	
(Table  1).	 Brand-	related	 differences	 in	 cooking	 behavior	
were	 greater	 in	 chickpea	 pasta	 than	 in	 red	 lentil	 pasta.	
The	heat	damage	parameters	in	Table 1	indicate	that	pasta	
from	brand	B	was	 likely	produced	using	a	different	heat	
treatment	than	A,	regardless	of	the	pulse	used	as	the	in-
gredient.	Furosine	(ε-	N-	furoylmethyl-	l-	lysine)	is	the	most	
widely	 used	 molecular	 marker	 of	 Maillard	 reaction	 in	
pasta	(Resmini	&	Pellegrino, 1994).	In	wholegrain	pasta,	
furosine	 levels	higher	than	300 mg/100 g	protein	are	 in-
dicative	of	a	mild	heat	damage	and	medium	temperature	
drying	cycle	(Marti	et al., 2017).

When	comparing	chickpea	pasta,	pasta	A	exhibited	a	
significant	 lower	 maximum	 viscosity	 (p  <  .01)	 and	 set-
back	(p < .001)	values,	indicating	lower	swelling	capacity	
and	retrogradation	tendency,	respectively	(Figure 1,	upper	
panel).	No	significant	differences	in	starch	swelling	were	
measured	 in	red	 lentil	pasta	 (Figure 1,	 lower	panel).	On	
the	contrary,	sample	A	exhibited	a	slight	(but	significant)	
higher	retrogradation	tendency	than	B,	contrarily	to	what	
found	for	chickpea	pasta.	Data	suggested	that	 the	pasta-	
making	process	adopted	by	 the	 two	brands	might	differ-
ently	 impact	 the	 starch	 properties	 of	 chickpeas	 and	 red	
lentils.	Differences	in	starch	organization	in	the	different	
pulses	might	account	for	the	obtained	results.

Differential	solubility	is	a	way	of	discriminating	among	
the	different	intermolecular	bonds	in	protein	aggregates,	
by	quantifying	protein	 soluble	 in	 saline	buffer	 (ionic	 in-
teractions),	 in	high	urea	(hydrophobic	 interactions),	and	
in	urea/dithiothreitol	 (disulfide	bonds).	No	major	differ-
ences	between	samples	belonging	to	the	same	pulse	type	
and	no	qualitative	difference	among	protein	solubilized	in	
different	conditions	was	evident	from	SDS-	PAGE	(Figure	
S1).	 However,	 the	 solubility	 data	 suggested	 some	 differ-
ence	 in	 the	 nature	 of	 the	 polymeric	 network	 of	 various	

pasta	samples.	As	for	the	pasta	from	different	pulses,	the	
data	shown	in	Table 2	indicated	that	more	proteins	are	sol-
uble	in	chickpea	pasta	than	in	red	lentil	pasta,	suggesting	
that	the	pasta	processes	had	a	different	impact	on	proteins	
from	individual	pulses.

By	 comparing	 the	 solubility	 figures	 in	 Table  2,	 it	
is	 evident	 that	 about	 50%–	60%	 of	 the	 total	 solubilized	
proteins	 were	 bound	 by	 ionic	 interactions	 in	 chickpea	
pasta,	with	respect	to	about	40%	in	red	lentil	pasta,	sug-
gesting	 a	 lower	 overall	 level	 of	 denaturation/aggrega-
tion	 in	 chickpea	 pasta.	 As	 for	 red	 lentils,	 pasta	 A	 was	
the	only	sample	 in	which	protein	solubility	did	not	 in-
crease	further	when	a	disulfide	reductant	was	added	to	
the	urea/buffered	saline	extractant,	suggesting	that	low	
heat	treatment	(see	Table 1)	may	impair	or	prevent	the	
formation	of	 red	 lentil	protein	aggregates	 stabilized	by	
covalent	 disulfide	 bonds.	 On	 the	 contrary,	 in	 pasta	 B,	
we	observed	an	increase	in	the	amount	of	proteins	sol-
ubilized	by	buffered	saline	in	the	presence	of	urea	and	
of	 a	 disulfide	 reductant,	 suggesting	 that	 the	 treatment	
used	for	the	production	of	pasta	promotes	the	formation	

F I G U R E   1   Pasting	properties	of	chickpea	(upper	panel)	and	
red	lentil	(lower	panel)	pasta	from	brands	A	(gray	solid	line)	and	
B	(black	solid	line).	One	representative	curve	for	each	sample	was	
reported.	Black	dotted	line:	temperature	profile



4  |      BRESCIANI et al.

of	 protein	 aggregates	 stabilized	 by	 covalent	 disulfide	
bonds.	As	for	the	chickpea	pasta,	the	solubility	data	sug-
gested	a	different	protein	polymerization	between	sam-
ples	A	and	B.	However,	the	effect	of	thermal	treatments	
on	the	interprotein	interactions	is	much	less	evident	in	
chickpea	pasta.

Regardless	of	the	type	of	pulse,	high-	temperature-	treated	
pasta	B	had	a	lower	content	of	readily	accessible	thiol	res-
idues,	 and	 thiol	 accessibility	 in	 pasta	 B	 was	 markedly	 in-
creased	upon	addition	of	urea.	Thus,	thiol	residues	in	pasta	
B	are	somehow	hidden	within	protein	aggregates	stabilized	
by	hydrophobic	interactions,	similar	to	what	is	observed	for	
high-	temperature	dried	semolina	pasta	 (Bock	et al., 2015;	
Bonomi	et al., 2012)	or	in	pasta	nonpulse	from	gluten-	free	
materials	(Barbiroli	et al., 2013;	Marengo	et	al.,	2015).

All	the	pasta	samples	exhibited	a	good	cooking	quality	
(Table 1),	as	 indicated	by	the	following	observations:	 (1)	
cooking	 losses	were	similar—	or	even	 lower—	than	 those	
reported	for	commercial	pasta	 from	either	pulses	(Turco	
et al., 2019)	as	well	as	from	gluten-	free	cereals/pseudoce-
reals	(Morreale	et al., 2019);	(2)	instrumental	firmness	was	
similar	to	semolina	pasta	(data	not	shown);	and	(3)	cook-
ing	 loss	and	 firmness	did	not	dramatically	 change	upon	
overcooking.

The	 stiffer	 protein	 network	 formed	 by	 some	 high-	
temperature	 treatment	 in	 the	 production	 of	 sample	 B	
resulted	 in	a	better	cooking	behavior	than	sample	A,	es-
pecially	in	the	case	of	chickpea	pasta.	Differences	among	
the	samples	cannot	be	accounted	simply	by	their	protein	
content,	 since	 it	 was	 similar	 (21%)	 in	 samples	 A	 and	 B	
(see	Table S1).	 In	semolina	pasta,	high-	temperature	dry-
ing	promotes	the	formation	of	a	continuous	network	that	
traps	the	swollen	starch	granules	upon	cooking,	ensuring	
a	firm	texture	and	low	leaching	(De	Noni	&	Pagani, 2010).	
Low-	temperature	drying	leads	to	semolina	pasta	with	high	
pasting	viscosity	(Bonomi	et al., 2012;	Marti	et al., 2013),	
but	 an	 opposite	 trend	 was	 evident	 in	 chickpea	 pasta,	
whereas	 no	 difference	 was	 apparent	 for	 red	 lentil	 pasta,	
suggesting	 that	 factors	 other	 than	 drying	 temperature	
might	intervene.

4  |   CONCLUSIONS

SDS-	PAGE	 profiling	 indicated	 that	 the	 same	 proteins	
were	 present	 in	 the	 samples	 from	 the	 same	 pulse	 in	
closely	comparable	amounts.	However,	it	is	possible	that	
their	structure	in	the	starting	materials	was	not	similar,	so	
that	sensitivity	to	heat	treatment	or	to	shear	forces	in	the	
pasta-	making	 process	 was	 different.	 Of	 course,	 as	 com-
mented	 above,	 also	 the	 process	 conditions	 used	 by	 each	
individual	 producer	 were	 different.	 In	 this	 frame,	 char-
acterization	 of	 the	 pulse	 preparation	 used	 by	 individual	
producers	and/or	availability	of	samples	taken	at	various	
processing	steps	would	have	provided	valuable	 informa-
tion	on	process-	related	changes,	including	those	recently	
reported	for	starch	in	extrusion-	cooked	yellow	lentil	prod-
ucts	(Bresciani	et al., 2021).
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