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Abstract

In this study, wheat in pasta was partially or ctatgly replaced by faba to increase its
protein quantity and improve its quality. Increagsthe ratio of faba:wheat protein from 0:100
to 100:0 (g/g) in pasta enlarged its protein nekwair the microscopic scale and linearly
diluted the covalently linked gluten network of valhepasta by weakly linked proteins. A
concomitant linear increase in the cooking losst(up.6 fold), a decrease in resilience (up to
1.4 fold) and an increase of threvitro protein digestion (up to 25%) were observed irtgas
The increase in drying temperature (90°C vs. 553@)moted the covalent aggregation of
proteins in all pasta, but was more efficient igume pasta, enhancing their resilience and
reducing their cooking loss, without altering tregtee of protein hydrolysis. This was partly
explained by the reduction in trypsin inhibitorytigity in all legume pasta dried at 90°C.
Interestingly, scores for sensory attributes sushilang attributed to pasta containing 80%
faba-protein were close to scores given to a comiadewhole wheat pasta. Pasta made
exclusively from faba dried at 55°C or 90°C tendede liked more than their commercial
gluten-free counterparts.

Key words

Protein network structure, cooking quality-vitro protein digestion, trypsin inhibitory
activity, sensory analysis.

Abbreviations

°H: degree of hydrolysis, DTE: dithioerythritol, faba, LT: low temperature, OCT: optimal
cooking time, SDS: sodium dodecyl sulphate, SE-HP&iZe exclusion-high performance
liquid chromatography, S-GF: gluten-free spagh&tWW: whole wheat spaghetti, TDS:
temporal dominance of sensation, TIA: trypsin iifoity activity, VHT: very high

temperature, W: Wheat.



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

1. Introduction
Consumer demand for an alternative to meat protritise diet has been increasing in recent
decades. The potential of legumes such as fabartly peplace meat intake in the human diet
was reviewed by Multari, Stewart, and Russell (301% addition, the association of wheat
and legumes in the same food helps benefit frormthgtional composition of both crops,
notably their complementary essential amino aciofiler (Duranti, 2006). Among several
traditional wheat products, pasta is an appropfietee for this association because of its
palatability, low cost and wide consumption. Leguwieeat mixed pasta with 50% of faba
protein has been demonstrated to have a bettenteds@mino acid profile than classical
wheat-gluten or wheat-egg enriched pasta at idenpiotein content (Laleg, Barron, Sante-
Lhoutellier, Walrand & Micard, 2016a) with a conged low glycemic index (Greffeuillet
al., 2015). However, the total amount of essentialnanacids required by the body has not
yet been reached in pasta (Laktgal, 2016a) because of technological problems thaearo
when more than ~50% legume protein was includethénpasta (Petitot, Boyer, Minier &
Micard, 2010b; Wood, 2009). Two recent studies destrated that it is now possible to
overcome the 50% threshold in legume protein istgpand that it is even possible to produce
pasta with legume as the only source of proteiade(y, Cassan, Abecassis & Micard, 2016b;
Rosa-Sibakoet al, 2016). These completely gluten-free legume pestidd be of interest for
celiac patients, or for people who wish to reduceliminate gluten from their diet.
However, including legume protein in pasta can alsee unexpected nutritional and sensory
effects. Legumes contain some protease inhibitock ss trypsin inhibitors, which can alter
the digestibility of proteins (Duranti, 2006) bututd be partially or totally inactivated by
thermal treatment of legume pasta (Laleg, CassarmoB, Prabhasankar & Micard, 2016c;
Zhao, Manthey, Chang, Hou & Yuan, 2005). In additid has been reported that beyond

28% of gluten protein substitution with legume pint cooking properties and sensory



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

acceptance of pasta are reduced (RayasDuarte, RI@&xterlee, 1996). This was attributed
to the dilution or the absence of the gluten nekwesponsible for the pleasant organoleptic
and cooking quality of pasta. The use of high tenajpee to dry pasta has been shown to
prevent the alteration of cooking, textural andam@eptic properties of classical and low
legume protein (<50% of total protein) enrichedtpdsy promoting covalent links between
proteins (Lalecet al, 2016a). However the effect of drying temperatumepasta with higher
level of legume protein substitution has not yedrbstudied.

The aim of this work was to study the impact of gleecentage (0% to 100%) of enrichment
using legume protein (faba) in pasta and the impadrying temperature (low temperature,
LT, vs. very high temperature, VHT) on pasta stietand its resulting textural and cooking
properties. The effects of changes in pasta forimmand/or processing on trypsin inhibitory
activity and on its protein network structure aadultingin-vitro digestibility were analyzed.
Pasta with the best textural, cooking and/or riatrél qualities was subjected to consumer
acceptance analyses and compared to a commendi@h¢gtee and a whole wheat counterpart

for the first time using the Temporal DominanceSehsations test.
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2. Material and methods
Wheat semolina (W) and faba flour (F) were supplgdPanzani (Marseille, France) and
GEMEF industries (Aix-en-Provence, France), redpelst W and F contained, on a dry
basis, 13.1 and 24.0 g/100 g of proteins, 77.8%h8 g/100 g of starch, and 2.4 and 11.7
g/100 g of fibers, respectively. The particle sitegtribution (D50) of W-semolina and F-flour
was 252 and 25 um, respectively. Whole wheat sgadgl®eWW,; Celnat, Saint-Germain-
Laprade, France) and gluten-free spaghetti (S-@Ra$ Burgstall, Italy) made from maize,
millet and rice were purchased from a local Fremarket and used to evaluate the sensory

attributes of our pasta.

1. Pasta production

Pasta containing 0 (F0), 50 g (F50), 80 g (F80) Hofaig (F100) of faba protein per 100 g of
total protein were produced using a mixture of Whskna and F-flour at W:F (g/g) ratios of
100:0, 65:35, 30:70 and 0:100, respectively. Plastaulation and composition are detailed in
table 1. FO and F50 pasta were processed into sfiagh described by (Petitet al, 2010b).
F80 and F100 pasta were produced according to tB2046097328A1 patent (Lalex al,
2016b). FO, F50, F80 and F100 were hydrated t@8,743 and 42 g/100 g (db) respectively,
mixed for 20 minutes and extruded using a contisupilbt-scale pasta extruder (Bassano,
Lyon, France). All the pasta were dried at low tenapure 55°C (LT) or at 90°C (VHT) in a
pilot-scale drier (AFREM, Lyon, France). The diaeretf the dried pasta was 1.56 + 0.03
mm for FO and F50, 1.51 £ 0.01 mm for F80 and %(4¥03 mm for F100 pasta. The total
protein content of the dry pasta was determinetuplicate using the Kjeldahl procedure (NF
V 03-050, 1970) with a conversion factor of 5.7 feheat and of 6.25 for faba proteins.

Lysine and cysteine amino acids were determinediuplicate on dry pasta at CIRAD
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(Montpellier, France) according to Moore, Spackmamg Stein (1958). Pasta composition is
detailed in table 1.

2. Molecular structure of the protein network of dried pasta
The extraction procedure of pasta protein was pmdd according to Morel, Dehlon, Autran,
Leygue and Bar-L'Helgouac'h (2000). Samples ofddpasta were ground and proteins were
extracted in triplicate from the raw mixtures usedpasta production (100% semolina, 65%
semolina + 35% faba, 30% semolina + 70% faba af&clfaba) and from ground pasta. The
first extraction was performed in sodium dodecylpbate (SDS, 0.1 mol/L) to disrupt the
electrostatic, hydrophobic and hydrophilic interats between proteins. After centrifugation,
the pellet was subjected to a second extracticBD® (0.1 mol/L) + dithioerythritol (DTE,
0.02 mol/L), and sonicated (Vibracell 72434, Biatid&cientific, Illkirch, France) at 50% and
at a frequency of 20 kHz for 5 min to disrupt digléd linked proteins. The protein size
distribution of each extract was studied by sizel@sion (SE)-HPLC (Morekt al, 2000).
Areas (in arbitrary units) of SDS-soluble and DTdtdble proteins were added and the sum
(i.e. total extractable proteins) was expresse@ gercent of the corresponding total area
calculated for W-semolina (for FO0), for blends efrelina and F-flour with 50% and 80%
protein from F-flour (for F50 and F80, respectiyelyr for F-flour (for F100). The remaining
pellet made of non-extractable proteins represepteteins linked by covalent linkages that
were not affected by sonication and/or DTE (esppeptide bonds).

3. Cooking and textural properties of pasta
Each pasta was cooked to its own optimal cookingetiOCT) in demineralized water
containing 7 g/L of salt according to the AACC apgd method (66-50), and then left to rest
for 10 min in a covered container at 25°C in a sdad vapor atmosphere. Optimal cooking

time was 9.6 = 0.2 min for FO-LT, 10.3 + 0.5 mim fe0-VHT, 9.0 + 0.1 min for F50-LT, 9.6
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+ 0.3 min for F50-VHT, 9.2 £ 0.1 min for F80-LT,®+ 0.1 min for F80-VHT, 9.5 £ 0.2 min
for F100-LT and 9.7 = 0.1 min for F100-VHT.
Cooking losses were determined in triplicates atiogrto the following equation:

cooked pasta (g, db) — dry pasta (g, db
Cooking loss (%, db) = pasta (g db) — dry pasta (g, db)

dry pasta (g, db)
A TA-XTplus (Stable Micro Systems, Scarsdale, US&ture profile analyzer was used to
evaluate the resilience of the pasta. A singlendtf@ cm) of spaghetti was compressed, using
a cylindrical probe, at a constant rate of deforomal mm/s) to 70% of the initial spaghetti
thickness. The probe was then retracted. The pietlle dorce (N) was plotted as a function of
deformation (mm). Resilience was determined ingicates as the ratio of the area under the
second half of the peak to the area under thelfat$tof the peak (Petitat al, 2009).

4. Microscopic structure of cooked pasta
The microstructure of FO-LT, F100-LT and F100-VHaspa cooked to OCT was observed
using bright field light microscopy. Pasta sectig@gum) were stained for 10 min with fast
green (Sigma Aldrich Co., USA) and for one minutéhviugol (Fluka, Buchs, Switzerland)
(Petitot, Barron, Morel & Micard, 2010a). Brightefd images were acquired using the
multizoom AZ100M microscope (Nikon, Tokyo, Japamuipped with a Nikon DSRil
(Nikon, Tokyo, Japan) color digital camera. Obstores were made with a plan fluor 5x
objective and a fixed optical zoom of 8, resultin@ total magnification of 40x.

5. Trypsininhibitory activity (T1A) and in-vitro protein digestion of cooked pasta
TIA was determined in triplicate according to thanslardized method 1S014902 (2009) on
raw material and on freeze-dried OCT cooked pdstaitro protein digestion of pasta was
performed in quadruplet on 60 mg freeze-dried gdonnoked pasta at 37°C in a shaking
water bath according to the method of Pasini, SemmnGiannattasio, Peruffo and Curioni
(2001) slightly modified. Samples were suspended imL of 0.2 mol/L HCI containing
73,400 U/g of protein of pepsin (P7125, Sigmal8tis, US). After 30 min, 1.15 ml of boric

7
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acid buffer (pH 6.8) containing 10.4 USP/mL of paatin (P7545, Sigma, St. Louis, US),
was added. Digestion was stopped after 30 min p$ipeand 180 min of pancreatic attack by
adding one volume of trichloroacetic acid (1.2 rapl/The amount of free amino groups
(NHy) in the digestion extracts (supernatant) were omeasusing the ninhydrin method
(Prochazkova, Varum & Ostgaard, 1999), at the b@gmof digestion (§), during digestion
(Ty) and after a total hydrolysis ofy THCI 6 mol/L, 24 h at 105°C) (). The degree of
protein hydrolysis (°H) was calculated accordingh® equation:

NHZ(TX) - NHZ (TO)

°H (%) = x 100

NHZ(Ttotal) - NHZ(TO)

6. Sensory analysis of cooked pasta by Temporal Dominance of Sensations (TDS)
Six pasta were tested (FO-LT, F80-LT, F100-LT arid@~VHT cooked to OCT and two
commercial pasta: S-GF and S-WW cooked for 11 andr8 respectively, as recommended
by the manufacturer) by 43 consumers, 19 to 69syelat, balanced for gender and age. Of
these, 21 were regular consumers of whole whealpd®n attributes (Table 2) were
presented to the subjects prior to the sensoryasesd dominant sensation was defined as a
sensation that triggers the most attention at &ifipgooint of time (Pineatet al, 2009).
Sensory sessions were organized in a sensory rdaowith red light and equipped with
separate booths. The subject received 45 g of pasta, monadically presented. He placed
one bite into his mouth, he focused on the dominserisation and clicked on the
corresponding button. When the dominant perceptizeinged, the subject scored the new
dominant sensation. He was free to choose the siménant sensation several times or to
not select an attribute as dominant at all. Hei@adron scoring dominant sensations after
swallowing, until the perception ended. Afterwarti® subject scored his current liking on a
linear scale labeled at the far left “I do not likkeat all” and at the far right “I like it very
much” (Meilgaard, Civille & Carr, 2006). He procestlin the same way for a second, then

for a third bite of the pasta. For each pasta auth dite, TDS curves were produced (Pineau

8
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et al, 2009). Times were standardized between O (fosteg and 1 (“I no longer perceive
anything”) (Lenfant, Loret, Pineau, Hartmann & May©2009).

7. Statistical analysis
All data (except for sensory analysis) were sulkgcto analysis of variance (two-way
ANOVA) using “formulation” and “drying” as factor&dNOVA was followed by the Fisher's
least significant difference (LSD) test to compareans at the 5% significance level, using
Statistica 8.0 software (Tulsa OK, USA).
Concerning the sensory analysis, the confidencel las set to 5%. For the liking scores,
statistical calculations were performed using SAStean (SAS Institute Inc., Cary, NC,
USA). The analyses of the TDS measurements wefferperd using TimeSens® software.
The analysis of the liking scores was performeagishe MIXED SAS® procedure, with
product, bite, type of consumer and their threeradtions of order 2 as fixed effects.
Consumer and consumer interaction with bite ant wibduct were the three random effects
in this model in which bite was a repeated factathw product by consumer with a
heterogeneous auto-regressive covariance strucdutegsequently, least square means were
calculated for the significant effects in ordematmalyze the differences revealed. In addition, a
canonical variate analysis (CVA) was computed tstijuish the products based on the
dominance durations of the TDS attributes. A CVAn dae considered as a principal
component analysis of the average durations oattnbutes by product using the inverse of
the within product covariance matrix as a metrie,,itaking panelist heterogeneity into
account.

3. Resultsand discussion

1. Structure of the pasta protein network
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Figure 1 shows the protein soluble in SDS (weakikdd), in DTE (disulfide linked) and
non-extractable (covalently, other than disulfiiiged) protein in dry (LT and VHT) pasta as
a function of the concentration of F-protein.

In LT-pasta, increasing F-protein from 0% to 1000te&rly increased the weakly linked
protein (SDS-soluble) at a rate of 0.24 (figure J%d linearly decreased disulfide linked
(DTE-soluble) proteins at the same rate (-0.25pyFé 1B), with no creation of other
covalently linked (non-extractable) proteins (FgiC). Lalecet al. (2016a) and Petitadt al.
(2010b) also detected a decrease in DTE-solubleeips concomitant with an increase in
SDS-soluble proteins when they substituted 50% béat protein with faba or split pea
flours. In their study, DTE-soluble proteins alsached 15% and 20% of total proteins for
faba and split pea, respectively. However, herettierfirst time, we demonstrate the linear
character of the weakening of protein network whbke proportion of faba protein is
increased in pasta. Only 4.5% of total protein6100-LT were disulfide bonded versus 30%
in FO-LT pasta. In the corresponding raw materi¢iha flour and wheat semolina), these
percentages were 3% and 15%, respectively (restishrown). Only wheat proteins therefore
appeared to have reacted through disulfide bonderudT drying conditions. Even if the F-
protein contained 9.6 mg cysteine/g protein (vefsti® mg/g in wheat protein; table 1), they
only created minor disulfide linked proteins undeF drying. This fact and the linear
character of the decrease in DTE-soluble proteggssts that faba proteins acted as a diluting
agent of gluten in mixed wheat-faba pasta driedTirconditions. The low water content (42-
47%, db) required for the production of pasta,ltdve energy input during mixing: ~ 8 kJ/kg
and extrusion: ~ 70 kJ/kg (Abecassis, Abbou, ChadjrdMorel & Vernoux, 1994; Icard-
Verniere & Feillet, 1999) and the choice of LT dryiprogram, were probably not enough to

force W-F and F-F protein to interact covalentlg disulfide bridges.

10
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In comparison to LT drying, whatever the F-proteamtent of the pasta, VHT drying led to a
higher formation of disulfide and to the additiomaéation of other covalent linkages (e.qg.
isopeptide or Maillard products) at the expensev@dkly linked proteins (Figure 1). This has
already been reported in 100% wheat (De Zorzi, @riSimonato, Giannattasio & Pasini,
2007) and protein enriched pasta (with 35% fab&%regg white) (Lalegt al, 2016a). In
the present study, a much higher proportion of lmtly linked proteins was detected in
F100-VHT than in F100-LT (32% vs. 4%, respectivelghowing that a high drying
temperature enables additional reactivity of F-pireg. Under VHT drying, disulfide bonded
proteins were probably formed through the intemactof free sulfhydryl groups between
wheat-wheat proteins, like in LT-pasta, but alsofaba-faba protein or even wheat-faba
proteins. In VHT-pasta, like in LT-pasta, the véidas in all kinds of protein linkages (weak,
disulfide and other covalent) as a function of dmncentration of F-protein were linear.
However, the rate of weakening of the protein nekw@ncrease in SDS-soluble proteins)
with the increase in the F-protein concentratiors Wweice as high in VHT pasta than in LT-
pasta.

2. Microscopic structure
Figure 2 shows the microscopic structure of FO-EIQ0-LT and F100-VHT cooked pasta.
The central region of FO-LT presented compact ktgranules (blue) with almost no clearly
visible protein network (green). Whatever the dgyiemperature, F100 presented a more
open structure, with highly swollen starch granudesl a visibly thicker protein network.
Starch granules were elongated in FO and roundioval00, related to the respective shape
of starch in wheat and faba raw materials (Pegtoal, 2010a). In the internal region of
F100-VHT, the starch granules were slightly darkercolor than in F100-LT, probably
related to limited gelatinization (Cunin, HandsghiMalther & Escher, 1995). The external

region of FO-LT presented highly swollen and disgrated starch granules in comparison to

11
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the pasta core, as already reported in the litexafetitotet al, 2010a). In F100-LT, the
starch granules in the external region were aslswals in the pasta core, and coalesced to
form a continuous phase at the surface of the gastading protein mass. In F100-VHT, the
starch was held within a protein network, which wasre uniformly dispersed around starch

granules than in F100-LT.

3. Cooking and textural properties
Pasta cooking losses and resilience are presemtidure 3A and 3B, respectively. In LT-
pasta, increasing F-protein from 0% to 100% lineartreased the cooking loss, and linearly
decreased the pasta resilience. Peétatl. (2010b) also reported 7% cooking loss and 0.53
resilience in pasta with faba accounting for 50%itsftotal protein. Rosa-Sibakost al.
(2016) found 11% cooking loss in pasta made exablisifrom faba, slightly less than in the
present study (14%), but identical pasta resilieoic€®.41. The unique ability of gluten to
form a protein network is the primary factor resgbte for the reduced cooking loss and the
good textural properties of wheat pasta (Matsuadiy & Irvine, 1972; Matsuo & Irvine,
1970). The incorporation of non-gluten materialctsias faba proteins, in pasta dilutes the
gluten network and weakens its overall structure,seen in SE-HPLC section, at least
partially explaining the decrease in pasta resikeand the cooking loss. Torres, Frias,
Granito, Guerra and Vidal-Valverde (2007) and Réysmsteet al. (1996) also attributed the
higher release of solids into the cooking wateth dilution of gluten network in a 5-30%
lupin enriched pasta. In addition, the presencéaba flour of more fibers than in wheat
semolina (11.7 versus 2.4 g/100g, db) may also halmed weaken the whole pasta structure
when increasing amounts of faba were included enghsta. According to Padaliret al.
(2014) and Petitogt al. (2010b), the inclusion of pea fibers indeed praddhe formation of

discontinuities or cracks inside the pasta stragsljlting in a low sensory elastic recovery.
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In comparison to LT drying, when increasing projmor$ of faba were included, VHT drying
linearly decreased the cooking loss and increasedptaista resilience in all faba enriched
pasta. The strengthening of pasta protein netwgrk/BT drying (demonstrated in the SE-
HPLC section), which enabled improved entrappingtairch granules, could contribute to
this overall improvement in pasta quality as obsdnby Petitotet al. (2010b) in a
wheat/legume mixed pasta equivalent to our F50ap&ge demonstrated that the reduction in
cooking loss and improvement in pasta resilienadeuVHT vs. LT drying were even more
pronounced with an increase in the concentratioR-pfotein in pasta due to the additional
reactivity of faba proteins notably through theatien of disulfide linked protein (see SE-
HPLC section) under VHT drying. Conversely, VHT ity did not reduce cooking loss or
enhance the resilience of FO pasta. In additioendaf VHT allowed faba pasta to recover
higher resilience, this resilience did not go abtneethreshold value reached for a LT or VHT

dried 100% wheat pasta.

4. Trypsin inhibitory activity and in-vitro protein digestibility

The initial TIA measured in the raw blends usedgdasta production was 0, 3.92, 6.35 and
7.84 mg/g (db) respectively in FO, F50, F80 and~{f@sults not shown). In cooked pasta
(table 3), TIA increased significantly (p<0.05)ltalting the order of F-protein incorporation
to reach a maximum value of 2.28 mg/g of cookedgpimsF100. Therefore, up to the cooking
step, pasta processing decreased TIA dramatiagiyd 6.4 fold), as already reported in the
literature (Zhaeet al, 2005). The decrease in TIA was more pronouncédbthand F80 (both
84%) than in F100 (71%). Trypsin inhibitors aretpioes with a compact structure stabilized
through disulfide bonds (Mueller & Weder, 1989).eTlower free sulfhydryl in gluten-free
F100 pasta probably reduced its ability to initiatefolding of the trypsin inhibitor by

interaction with its disulfide bonds during prodegs(Friedman, Grosjean & Zahnley, 1982).
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Eighteen, 20 and 3 mg of TIA per gram of raw blgcam, lentil and faba grains
(respectively) are reported in the literature (MakkBecker, Abel & Pawelzik, 1997;
Vasagam & Rajkumar, 2011), which are all highenttieose obtained for our cooked pasta.
The use of VHT drying had less effect (F-value ¥ i@t nevertheless had a significant effect
on TIA than the concentration of F-protein (F-valkel68). VHT drying decreased TIA
slightly but significantly (p=0.005) in the past@he activation of sulfhydryl-disulfide
interchanges under VHT drying probably modified #teucture of the trypsin inhibitor. No
effect of the interaction between drying tempemtand the pasta formulation was observed
on TIA.

The degree of protein hydrolysis (°H) of cookedtaas presented in table 3. Increasing F-
protein in pasta significantly increased (p<0.0t) tH of the protein in the pasta from 42% to
52%, in the order FO<F50<F80<F100. This could bated to the linear weakening of the F
protein network with an increase in the F-proteamtent in pasta observed by SE-HPLC
analyses. In addition to increased protein hydislyghen 0% to 100% faba flour was
incorporated in the pasta, other nutritional changere observed including an increase in
resistant starch (from 0.58 + 0.01 to 1.16 + 0.q#eg 100 g of cooked pasta) and a slowdown
in starch digestion, with the percentage of rapaltyg slowly available glucose decreasing
from 67.0 £ 0.7% to 61.83 £ 0.95% (of availablebmdrydrates) and increasing from 32.4 +
0.7% to 36.4 £ 0.95% (of available carbohydratesypectively (Greffeuilleet al, 2015;
Laleg et al, 2016c). The lowin-vitro glycemic index and the higher protein digestipilit
resulting from incorporation of legume flour couidake legume enriched pasta highly
advantageous from a nutritional point of view.

VHT tended to increase the °H in all pasta contanF-protein (p=0.054), which was
surprising as it increased the percentage of cotlglénked proteins in all pasta. However,

this could be due to the lower TIA recorded in ¥éT-pasta than in LT-pasta.
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5. Sensory evaluation

5.1. Liking scores

Analysis of variance showed that the variants aftgpavere perceived significantly different
in terms of liking (F = 3.56, p = 0.04). Overahethedonic scores (table 4) were quite low,
which can be explained by the fact the pasta wasegmted with no butter or sauce. FO-LT
was the best liked pasta, and S-GF pasta wasdkeliked. The other pasta were close. F80-
LT and S-WW pasta tended to be more liked than RI0@nd F100-VHT. F80-LT was the
best compromise in terms of preferences.

The analysis also underlined a significant bite@f{F = 8.99, p = 0.0005). The liking scores
of all pasta decreased for bite (the LSMeans ferfitst, the second and the third bites were
3.98, 3.85 and 3.73, respectively). However, tliiedince was less clear for FO-LT.

There was also a significant effect of the typeaisumer (F=7.33, p = 0.0073): on average,
regular consumers of whole wheat pasta gave hilikiag scores (LSMeans = 4.25) than
regular consumers of classical pasta (LSMean =)37Be product by type of consumer
interaction was not significant, showing that tiverall ranking of the products based on the
liking scores was consistent between the two tgbeonsumers. However, S-WW pasta was
better liked by the regular consumers of whole whgessta (LSMean = 5.06) than by the

regular consumers of classical pasta (LSMean =)3.10

5.2.TDS measurements

The TDS curves (appendix 1) show very differentgeral profiles. The best liked pasta (FO-
LT) and the least liked one (S-GF) mainly diffeiadexture: the S-GF pasta had a firmer and
more elastic attack and no stickiness, contrarthto FO-LT pasta. The best liked F-pasta

(FB0-LT) appears to be more complex than F100-L$tgpaand was not dominated by
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firmness, contrary to F100-VHT pasta. In additidme legume flavor was less dominant in
F80-LT pasta. F100-LT had a less firm and a leastiel texture than F100-VHT, probably
related to the lack in resilience measured by tisrimental method in F100-LT (textural
property section).

Figure 4 shows the results of canonical variatdyaisa The projections of the three bites of
each variant are close, revealing very few diffeemnin the perception of each product in
progressive bites. S-GF pasta was characterizéohigger dominance duration of white cereal
flavor and of an elastic but firm texture. FO-LTspm was mainly characterized by longer
dominance duration of white cereal flavor and oickshess. F100-VHT pasta was
characterized by longer dominance of the legumefland by a firm texture. F80-LT pasta,
F100-LT and S-WW pasta were close. They were lomgeninated by whole wheat and
legume flavors, but the variant F80-LT was percgitee be stickier longer than the two other

variants.

4. Conclusion

In this study, the relation between the structurg@rotein and the cooking, nutritional and
sensory properties of faba (F) enriched pasta waesstigated. We demonstrated for the first
time that the incorporation of F-protein linearlyeakened the protein network structure of
low temperature (LT) dried pasta, by diluting thlitgn network without creating any
additional covalent interactions between gluten Bratotein. We also demonstrated that the
weakening of the protein network structure couldrésponsible for the increase in time
vitro protein digestion. However, it altered the intggaf the pasta during cooking as well as
its resilience. As a result, F-pasta were lessexpgied than the traditional wheat pasta. Very
high temperature (VHT) drying strengthened the girptstructure of pasta, resulting in
increased integrity and better resilience of appdsta without altering thein-vitro protein

digestibility. Consequently, VHT drying can be ugedimprove the cooking properties of
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380 legume pasta. Interestingly, appreciation of legyrasta containing 80% or 100% F-protein
381 was similar to that of commercial counterparts matievhole wheat or gluten-free cereal.
382  The promising nutritional and sensory qualitie¢egfume pasta thus make them an interesting
383 model, rich in good quality proteins, or glutenefrguitable for gluten intolerant people.

384
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Figurelegends

Figure 1. Changes in sodium dodecyl sulphate (SDS, A), akhithritol (DTE, B) soluble
proteins and insoluble protein (non-extractablefrGn pasta dried at low temperature (LT)
or very high temperature (VHT), as a function of fpercentage of faba bean (F) protein in
the pasta.

Experimental data (means of three replicated)T; ¢ VHT. Formulation: significant effect
(p < 0.05) on SDS and DTE-soluble protein; Dryisgnificant effect (p < 0.05) on SDS,
DTE-soluble and non-extractable protein.

Best fit (y): --- LT; —VHT.

- SDS-soluble protein:y = 0.24x + 70.39; R2 = 1.00yyr = 0.42x + 22.40; R2 = 1.00.

- DTE-soluble protein : % =-0.25x + 30.69; R2 = 0.99y1 =-0.36x + 69.12; R2 = 0.99.
- Non-extractable protein ypr = -0.06x + 8.61; R? = 0.98.

Figure 2. Light microscopy of cooked pasta containing 100%eat protein and dried at low
temperature (Top panels FO-LT); and pasta contgidi®0% faba protein and dried at low
temperature (Middle panels F100-LT) and very heynperature (bottom panels F100-VHT).

Figure 3. Changes in cooking loss (A) and resilience (B)cobked pasta dried at low
temperature (LT) or very high temperature (VHT pdsinction of the percentage of faba bean
(F) protein in pasta? LT; ¢ VHT. Cooking losses are means of three replic&esilience is
the mean of six replicates. Formulation and dnyiragl a significant effect (p < 0.05) on
cooking loss and resilience.

Best fit (y): --- LT; —VHT.

- Cooking loss: yr = 0.08x + 5.55; R2 = 0.94yr = 0.04x + 5.29; R2 = 0.95.

- Resilience: yr = -0.002x + 0.59; Rz = 0.94.

Figure 4. Canonical variate analysis (83.1%) based on theirtiome durations of the TDS
attributes.
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Tables

Table 1. Formulation of pasta and protein composition oftgpasade from different mixtures of wheat (W)
semolina and F (faba) flour; and the lysine andeaige contents of pasta dried at low temperatufg édnd

very high temperature (VHT).

Amounts of raw materials (g/100g, db) FO F50 F80 001
W-semolina 100 65 30 0
F-flour 0 35 70 100
Protein composition
Total protein content (g/100g of pasta, 8b) 13.1+0.0 16.9+0.1 20.7+0.0 24.0%0.1
W-protein (g/100g of pasta, db) 13.1 8.5 3.9 0.0
F-protein (g/100g of pasta, db) 0.0 8.4 16.8 24.0
WI/F-protein ratio (g/gf 100/0 50/50 20/80 0/100
Lysine amino acid (mg/g proteif)
LT-dried pasta 20.5+0.6 386+02 550+05 651+0.3
VHT-dried pasta 20.3+18 334+11 524+30 603+13
Cysteine amino acid (mg/g protefh)
LT-dried pasta 172+01 148+06 104+05 BHB®B7
VHT-dried pasta 17.4+0.2 154+03 104+04 8803

#Analysesvere performed in duplicate.

® Results obtained by calculation according to th#oraf raw materials and their protein

composition.



Table 2. Temporal dominance of sensation (TDS) list ofifatiles with their definitions and/or references

Attribute Type Definition References

Firm Texture Firmness, chewing resistan /

Floury Texture Like texture of flour in mouth /

Sticky, pasty Texture  Sticks to teeth and palate /

Elastic Texture Deforms without breaking /

Rougt Texture Irregularities perceived the surface of th /

pasta (not smooth)

Salty Taste Salty taste /

Legume Flavol Flavor of lentils, beans, chickpeas, Cooked lentils, cooked bear
etc.

White cereal Flavor Flavor of white flour, refinadheat White flour

Whole cereal  Flavor Flavor of whole-wheat flounckwheat Whole-wheat flour, cooked
buckwheat

Grilled Flavor  Grilled and toasty flav« /




Table 3. Two-way analysis of variance (ANOVA) of trypsin ibftory activity (TIA, mg/g db) and the degree of
in-vitro protein hydrolysis (°H; % of total protein) in da pasta containing different concentration ofafab

bean protein. FO, F50, F80 and F100 present pastéiich 0, 50, 80 and 100 % (respectively) of tqateins
originated from faba bean.

Comparison of means-LSD test at the 5%

Analysis of variance &gmﬁcanc@
Effect of F-protein Effect of Pooled standard
concentration drying deviation
Effects P F F50 F80 P100 LT VHT
value value
ArFprotein = 5000 168 ND 061 1.09 2.26 0.21
TIA concentration
(n=3) B : Drying 0.005 12 144 117 0.77
Interaction : AxB  0.480 0.8
ArFprotein 500 75 42 48  4F 52 2
°H concentration
(n=4) B : Drying 0.054 4 46 47 4

Interaction : AxB 0416 1

2 Two-way ANOVA was performed using F-protein conication and pasta drying temperature as factors

® Values in the same row with the same lower casergeare not significantly different (P>0.05). Fearch effect
analyzed, the mean value for all conditions teftethe other effect is given.

ND: not detected by the method used.




Table4. Average liking scores for the different variants
of pasta (LSMeans).

Pasta Average liking score (n=43)
FO-LT 4.88°
S-Www 4.08"
S-GF 2.81
F80-LT 3.95%
F100-LT 3.72¢
F100-VHT 3.67°

Variants with the same letter are not significantly
different. Pooled standard deviation: 2.33 (95%
confidence intervals).
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Highlights

- Pastaenrichment in faba linearly weakens its protein network

- Increasing faba protein concentration in pasta enhances its in-vitro digestion

- High-temperature drying strengthens legume pasta structure

- Increasing drying temperature does not alter legume pasta protein digestibility

- Good quality protein or gluten-free legume pasta were appreciated by consumers



