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Enrich pasta with faba bean do not impact glycemic nor insulin response but can enhance

satiety feeling and digestive comfort when dried at very high temperature.
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Abstract

Enrichment of durum wheat pasta with legume flaurances their protein and essential
amino acid content, especially lysine content. Hmvedespite its nutritional potential, the
addition of a legume alters the rheological prapsrof pasta. High temperature drying of
pasta reduces this negative effect by strengthetsnmgotein network. The aim of our study
was to determine if these changes in pasta steselter itsn vitro carbohydrate digestibility,

in vivo glycemic, insulin and satiety responses. We aigestigated if high temperature

drying of pasta can reduce the well-known digedtiseomfort associated with the
consumption of legume grains. Fifteen healthy vtdars consumed three test meals: durum
wheat pasta dried at a low temperature (contral},@asta enriched with 35% faba bean dried
at a low and at a very high temperature. When badavith 35% legume flour, pasta kept its
nutritionally valuable low glycemic and insulin iexi despite its weaker protein network.
Drying 35% faba bean pasta at a high temperatteagthened its protein network, decreased
its in vitro carbohydrate digestion with no further decreagstsiim vivo glycemic or insulin
index. Drying pasta at a very high temperature ceduigestive discomfort and enhanced
self-reported satiety, and was not associated avittodification of energy intake in the

following meal.

Key words: legume pasta, drying temperature, Gkdtiety, digestive comfort

Highlights
High temperature drying strengthened the textu@erties of 35% legume pasta, reduced

appetite, improved the digestive comfort and dassaffect pasta’s low glycemic and insulin

indices.
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I ntroduction

Pasta is a very popular staple food that is eagpdi. This source of proteins (12-15% db)
and carbohydrates (74-76% db) is traditionally niactured from durum wheat semolina. An
important healthy aspect of pasta is its low glycemdex (Gl). The low GI of pasta is
generally ascribed to its specific structure, whigsults from the successive structural
changes that occur at macroscopic, microscopic raakkcular scale throughout the pasta
making proces$Hence, the low Gl of pasta is generally explaibgdstructural parameters
such as compactnésand/or by the presence of a strong protein netvemtkapping starch

granules*

Despite its advantageously low GI, durum wheat @#stdeficient in two essential amino
acids, lysine and threonine, due to a deficiencgiurum wheat itself. To improve its amino
acid profile, pasta have recently been formulatgdnbxing durum wheat with different
legume flours with a complementary amino acid pedff Up to 35% of faba bean flour has
been successfully incorporated into pasta, thegebgtly improving its protein contérand

its theoretical amino acid profile. Although intstieg from a nutritional point of view,
legume enrichment affects the structure of thegphgtmodifying the nature and proportion
of pasta componentsthereby reducing pasta quality attributes (cogKimsses, texture and
taste)® This decrease in pasta quality can be counterabteddrying pasta at high
temperatures, which strengthens its protein netfdtSuch changes in the structure of the
pasta protein network can also affect starch digést. This has been demonstratedvitro

on pasta enriched with 35% faba bean ffduncreasing the drying temperature of 35% faba
bean pasta from 55 °C to 90 °C had a marked impads rapidly available glucose content
(from 59.6% to 47.2% of total available carbohydsdt’ Up to now, the impact of
incorporating a legume in pasta on its glycemi@mn@l) has been sporadically described for

chickped and yellow pea flodf but never for faba bean enriched pasta. Althoughes
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authors described the glucose, insulin or satiesponses of bread or pretzels enriched with
lupin, chickpea or soy flouf™ the insulin index and the satiating propertiedegfume
enriched pasta remain unknown. Concerning the itnpfhigh temperature drying of pasta
although demonstrateoh vitro to slow down the starch digestibility, it has nevm¥en

demonstrateth vivo.

The aim of the present work was thus to determindyi changing the composition and
structure of the pasta, pasta enrichment with anegand/or high temperature drying affect
its carbohydrate digestion profile (glycemia, imsemia) and the satiety effect, in healthy
volunteers. We also investigated if legumes, wlaoh known to cause digestive discomfort

when eaten as cooked grains, still have this ptgpéren incorporated in pasta.

Material and methods
Pasta processing and char acterization
Manufacturing and cooking

Three types of pasta (spaghetti) were used instiigdy: (i) durum wheat pasta dried at low
temperature (hereafter DW-LT) used as control,p@3ta enriched with 35% faba bean flour
dried at a low temperature (hereafter F-LT) andl ista enriched with 35% faba bean flour
dried at a very high temperature (hereafter F-VHI)e durum wheat pasta (DW-LT) was
processed as described by Petitot éf aind then dried at a low temperature (55 °C) in a
pilot-scale drier (AFREM, Lyon, France) in orderremch 12% moisture. Faba bean enriched
pasta were processed by replacing 35% of the duvheat semolina by faba bean flour, as
previously described by Petitot et’alfwo drying profiles were then applied to the fréaba
bean pasta: a low temperature of 55 °C (F-LT) flige DW-LT pasta, and a very high

temperature (90 °C for 4 h) applied at the enchefliT drying cycle (F-VHT). The diameter
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of all the dry spaghetti was 1.960.02 mm. The dry spaghetti was cooked in Eviarengt
L/100 g) containing 0.7% (w/v) of sodium chloridéhe optimal cooking time (OCT) of each
pasta was determined according to the official met66-50 AACC 2000. All analyses of

cooked pasta were made using pasta cooked at O@int1

Composition of pasta.

Table 1 lists the nutritional and biochemical cosipgon of the DW-LT, F-LT and F-VHT
pasta. Total proteins (NF V18-120, 1997pmnd lipids (JORF 08/09/77, 197%)were
determined by the Scientific Institute of HygienedaAnalysis (Longjumeau, France). Total
carbohydrates were calculated by difference. Narcht polysaccharide (NSP) analysis was
performed by Englyst Carbohydrates LTD (SouthamptdiK.). NSPs were measured using
the Englyst procedure including enzymatic starctiralysis, precipitation of NSP in ethanol,
acid hydrolysis of NSP, and measurement of comstitisugars by HPLS. Bioavailable
lysine was calculated as the difference betweernatat lysine content determined after acid
hydrolysis and unavailable lysine content deterwchity spectrophotometry following 1
fluoro, 2,4 dinitrobenzene assay (NF V18-103, 1885All analyses were performed in

duplicates and means are given in the Table 1.

Biochemical and rheological characterization of fzas

Proteinsize distribution of the dried pasta was perforraedording tathe method described
in Petitot et af® This two-step extraction method, followed by tle@aration of proteins on
size calibrated size-exclusion high-performancaitiqchromatography (SE-HPLC), makes it
possible to quantify proteins linked by non-covaleéonds, disulfide, and other covalent

bonds. Results are expressed as the percent bptotain in the equivalent raw matter.
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The rheological properties of cooked (OCT + 1 nspaghetti were evaluated using a TA-
XTplus (Stable Micro Systems, Scarsdale, USA) textorofile analyzer equipped with a
Windows version of Texture Expert software packagelying tensile tests. Tensile tests
were performed as described previously in Petitatl 2 The initial distance between the two
tensile grips was 15 mm and the test was perforated constant deformation rate of
(3 mm/s). Breaking stress (MPa) was measured orsttlegs-strain curvet corresponds to
the maximum extension force that can be appliethéopasta before it breaks and, from a

sensory point of view, could represent a produetsstance to deformation.

In vitro starch digestibility

An in vitro starch digestion method that mimics human digestias performed by Englyst
Carbohydrates Lt&: on pasta cooked at OCT+1 min. This method is basecHPLC
measurement of the glucose released from a tedtdadng timed incubation with digestive
enzymes under standardized conditions. The glucesased from starch within 20 min
incubation corresponds to rapidly available gluc¢RAG). RAG has been found to be a
predictor of post-prandial glycemfaThe glucose released from starch between 20 add 12
min incubation corresponds to slowly available gke (SAG). The starch not digested after

120 min corresponds to resistant starch (RS).

In vivo study
Setting

This study was conducted in accordance with gudslilaid down in the declaration of
Helsinki. All procedures involving human subjecteres approved by the central Ethics
Committee Sud Méditerranée Il (Nimes, France),oating to French law, under trial

identification number 2010-A00671-38.
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The clinical procedure was carried out during 2.®mnths (February-April) in the
Endocrinology-Diabetology-Nutrition Department biet Diabetology-Nutrition team of
CHRU Lapeyronie Hospital, Montpellier. Biologicalna@yses were performed in the

Biochemical and Nuclear Medicine laboratories atgame hospital.
Subjects

Fifteen healthy subjects (8 males and 7 femaledjcjgeted in the study. Exclusion criteria
included subjects with pancreatic, liver or kidriigeases, diabetes, the use of medication
likely to affect glycemia or appetite, cigaretteaimg, excessive consumption of alcohol,
allergy or intolerance to any food ingredients usethe study, dislike of pasta or other food
provided for the test meals. We also excluded stbjesho were not used to eating three
regular meals per day, especially breakfast. Rneigar breast-feeding women, athletes in
training, people with a score >10 on the restrantle of the Three-factor Eating
Questionnair& were also excluded from the study. All voluntegase their written informed
consent to take part in the study and receivechéireh compensation for their participation.
The true nature of the study was revealed to thermg a debriefing session after the study
was completed. The subjects’ mean age was 24 9-/r8.with a mean BMI of 22.4 +/- 1.8
kg/n?.

Preloads

Four preloads were used: a glucose solution (502p0 mL of water) as a reference for the
determination of glycemia and insulinemia, andttivee types of pasta DW-LT, F-LT, and F-
VHT. Before serving, the pasta was cooked at tbein optimal cooking time + 1 min: 10
min for DW-LT, 10.5 min for F-LT and 13.5 min for¥HT. In these conditions, the starch
in all the pasta tested was gelatinized (i.e. thgeacore disappearance; approved method 66-
50 AACC, 2000). The serving sizes of pasta (18095, g and 206 g for DW-LT, F-LT and

F-VHT of cooked pasta), respectively were choseauaply 50 g of available carbohydrate
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whatever the pasta used. The available carbohydaattent of the pasta was determined by
the sum of RAG + SAG + fructose calculated from ithevitro starch digestibility analysis

using the Englyst methdd.
Menu and foods

All the foods, with the exception of glucose andstpapreloads, were widely available
industrial products. Thad libitum lunch, served in the laboratory, comprisBdsquaise
chicken (a typical French dish made of small pieoéschicken, rice and sauce mixed
together), sweetened fresh cheese, and waterrtk. kil the food was served separately in
generous portions to be sure that each volunteehes satiety by the end of their meal. The
portions were weighed before being served and rierighed after the subjects had eaten, to
obtain the net amount of each food consumed.

Design

All 15 volunteers participated in five identicalksens, separated by an interval of one week.
A list of allowed ingredients for the evening meaior to the test days was given to all the
subjects and they were asked to abstain from ala@amsumption and intense physical effort.
Subjects arrived at the laboratory at 8 am afté0d.2 h overnight fast and were installed
comfortably in the test room. The'and %' sessions were dedicated to glucose solutions,
according to Brouns et &° During the 29 39 and 4" sessions, subjects received one of the
three types of pasta (DW-LT, F-LT or F-VHT) and 250 of water, once in random order.
Subjects were blinded to which pasta they wereivege The different preloads were served
as breakfast between 8:30 and 9:30 am and had émtively consumed within 15 min. No
other drinks or foods were allowed until the testaiserved as lunch, 200 min after preload

ingestion. After lunch, the volunteers left thededtory.
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Visual Analogue Scale (VAS)

In the morning, the volunteers had to fill out a ¥ About their appetite sensations before and
after preload ingestion, then every 30 minutesetiiéer until 180 min, and before and after
lunch. The subjects were asked to indicate, on & ¥éale of 0 to 100 mm, how they felt at
the moment they completed the following questidt@n hungry do you feel now? How full
do you feel now? How strong is your desire to eath How much food do you think you
could eat now? An appetite score was calculatemtapare the satiety power of the preloads
tested. It is the average between hunger, theed@sat, prospective food consumption and a
100-fullness scoré’ The palatability of meals (preloads and lunch) eis® measured using

VAS.
Blood sampling for the determination of glycemia amsulinemia

At the beginning of the experiment, a catheter wagrted into a vein of the forearm to
enable frequent blood sampling to measure insManous samples were collected 5 min
before preload ingestion, and then at 0, 30, 60,120 and 180 min after consuming the

preload. Serum insulin was measured by Electrodnemmescence immunoassay (ECLIA).

Capillary blood was obtained by finger prick angiagimia was measured with a glucometer
(Accu-Chek® Performa, Roche Diagnostics) when ifigs(b min before t=0 min), at t=0 min

(beginning of the preload consumption) and thes, 40, 15, 30, 45, 60, 90, 120 and 180 min.
Digestive comfort

Subjects were asked to rate the global percepticabdominal comfort they felt from 0 to
12h, then from 12 to 24h following the ingestiontbé different preloads, using a VAS of
100 mm. The questions were about the feeling obatdal pain, abdominal discomfort,

feeling bloated, feeling gurgling, having flatulendeeling nauseous and having a headache.
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Each term used was specifically defined on the fokmindicator of abdominal discomfort

was then calculated as the mean of the ratingdon guestion excluding headache.

Data analysis

The incremental area under the blood glucose respoarve (IAUC) during the 120 min
following preload ingestion, ignoring the area untle baseline (baseline corresponding to
fasting glycemia), was calculated geometricallyngsthe trapezoid method as previously
described in Brouns et &f. The glycemic index (GI) of each type of pasta walsulated for
each individual subject as the IAUC for the pastlgad, expressed as a percentage of the
average incremental area under its two blood gkicesponse curves obtained with the two
glucose preloads (Gl of glucose solution=100). Gievalues of each pasta corresponded to
the mean of individual ratios. The insulin index) (Was calculated following the same

principle as for the Gl.

In addition, glycemic profiles (GP) and a glycenpiofile index (GPI) were calculated to

characterize the intensity of the glucose respandbe ingested pasta preload. The GP of
pasta was obtained for each subject by dividing tthee (min) during which the blood

glucose was above fasting concentration by theemental peak value of blood glucose
(mM) using Graph Pad Prism (Graph Pad Software,[3ago, USA) as described in Rosen
et al®?’ Insulin profiles (IP) were calculated using thensamethod. GP!I corresponds to the
GP of the pasta preload expressed as the percenftédge GP of the glucose solution (GP of

glucose solution=100). The insulin profile indeRI{l was calculated using the same method.

Gl, 1l, GP, GPI, IP and IPI were calculated for leaubject and the values for each pasta

preload are the mean of individual values. Dateeapressed as means + SEM.

10
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Statistical analysis

Statistical analyses were performed with R softwamersion 3.1.0 (2014-04-10)), the R
Foundation for Statistical Computing)

According to a previous internal study, we assuraadeffect size of 34 points absolute
difference in GI between the different types oftpasvith a similar within-subject deviation
(34 points), we calculated that 12 volunteers wdaddrequired with a type | error of 0.025
(for multiple test penalization) and a power 0f.0.8

Concerning the results of the palatability of thelpads, energy intake at lunch, appetite
sensations and digestive discomfort, we compardgtbe effect of the three types of pasta
together by excluding the two glucose tests.

Continuous variables are presented as means +SDSHhapiro-Wilk test was used to assess
normal distribution. Comparison of continuous vhalés between two types of pasta was
conducted with the paired Student’s t-test forafales with a normal distribution and with the
Wilcoxon test for paired data for variables withnan-normal distribution. ANOVA or a
Kruskal-Wallis test was used to compare multipleugrs (more than two foods).

Because each volunteer was evaluated several (neesated measures) linear mixed-effects
models for repeated measures were performed, aldpvepeated measures to be taken into
account as random variables. Box and Cox transfoomawas used to normalize the
distribution. False discovery rate (FDR) controbwesed to correct for multiple comparisons.

A two sided P value of less than 0.05 was consitierde statistically significant.

Results and discussion

Impact of legume addition and high temperature drying on the nutritional composition,

the protein network structure and the rheological properties of pasta.

11
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268 Substituting faba bean flour for 35% of durum whsamholina during processing of the pasta
269 modified its macronutrient composition notably mcreasing its protein and fiber (NSP)
270 contents and reducing its total carbohydrate cast€hable 1). The use of faba bean also
271 increased the amount of available lysine in theiheg enriched pasta. At the opposite, the use
272 of high temperature for pasta drying reduced thalaility of lysine. This lysine loss could
273 be associated to the formation of Amadori compouddsng the Maillard reactidfi as
274 demonstrated by the change in color parameterastapried at high temperature (increase of
275 pasta redness, decrease in pasta yellowness arehitay)® However, even if lysine content
276 of faba bean pasta decrease with VHT drying, F-\f#diBta still contained more than twice

277 the concentration of available lysine than tradiilopasta.

278 The study of protein size distribution in DW-LT LH- and F-VHT pasta highlighted changes
279 in their protein network structure. Respectively¥#, 81+0.2 and 24+0.3% of DW-LT, F-

280 LT and F-VHT pasta proteins were non-covalentlkéid. 26+0.2, 16+£0.8 and 55+0.4 % were
281 linked by disulfide bonds, and respectively 3+1320.5 and 21+0.1% were linked by other
282 covalent bonds. Including faba bean flour in paistaefore weakened the protein network in
283 the dried pasta compared to durum wheat pasta.etsely, drying at a very high temperature
284 strengthened the protein network with 76% of thetgins linked with covalent bonds in F-

285 VHT. According to our previous studies on faba beasta’ ™

the differences in protein
286 structure between DW-LT and F-LT and between F-ln@l &-VHT remained significant,

287 even though less accentuated, after cooking.

288 The addition of faba bean also significantly (p&).ihcreased the resistance of the pasta tc
289 extension (F-LT breaking stress was 0.141 MPa @e@s077 MPa for DW-LT). Resistance
290 also increased significantly when the faba beamapaas dried at high temperature (F-VHT
291 Dbreaking stress= 0.221 MPa). Similar changes itutakproperties were previously observed

292 by Petitot et af.in pasta enriched with 35% legume fl§wr with 15% pea fibe?®

12
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In vitro carbohydrate digestibility of pasta

The amount of total available carbohydrates wasifsegntly lower in faba bean enriched
pasta than in durum wheat pasta (table 2), in aggaewith our previous work on faba bean
pasta’ The faba bean pasta also contained significapty).05) higher amounts of resistant
starch. This finding is in agreement with previaisdies reporting a low rate of starch
hydrolysis in legume¥3' However in our case, this did not lead to a sigaift difference in
the percentages of RAG and SAG between DW-LT and FE€onversely, the very high
drying temperature applied to the faba bean paggaifisantly (p<0.05) reduced the
proportion of its RAG content (F-VHT versus F-LTIOY-LT pasta). The ratio of SAG in F-
VHT was therefore significantly (p<0.05) higher tha DW-LT and F-LT. These results are

in accordance with those of our previous studyairafbean pastd?!

The use of high temperature drying created a slyaggregated protein network in F-VHT
pasta since 76% of the proteins were linked viaatet bonds. This highly aggregated
protein network has been shown to redinceitro starch digestibility in durum whe&t'® as
well as in faba bean enriched pastaVith regard to the RAG and SAG ratio obtained im o
study, F-VHT pasta contains lower amount of Rapiyilable Glucose when compared to
F-LT or DW-FT pasta. According to the literaturéA® is a strong predictor of postprandial
glycemia® The difference in the rate f vitro carbohydrate digestion thus indicated that F-

VHT pasta would produce a lower glycemic respansevothan F-LT or DW-LT.

In vivo glucose response and glycemic index

The profile of the glycemic response to the glucadetion was classical, with a high peak at

30 min and a drop under the baseline after 120 tesn(Figure 1). No significant difference

13
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was observed between the three pasta profilesbibloel glucose concentrations caused by all
three types of pasta were significantly lower (©#8).than that caused by the glucose solution
from 10 to 90 min after the ingestion of the prelo&o drop under baseline was observed for
any pasta after 120 or even 180 minutes. When sigbjegested DW-LT or F-LT pasta, a

small second “peak” of glycemia was observed atrhz0

The incremental area under the curve (IAUC) andrfaximum incremental peak (iPeak
max) in glycemia obtained with glucose solution evergnificantly higher than the values
obtained for pasta, whereas peak time did not feegmitly differ. Thus, the glycemic profile
was significantly lower for glucose solution compadito pasta. The GP value calculated at
180 min (data not shown ; 44.2 £ 8.7 min/mM) wassel to the values previously reported
at 180 min for white wheat bredd?’ or white wheat porridg€. There was no difference in
glucose incremental area under the curve (IAUC)the maximum peak in blood glucose
concentrations (iPeak max), or in peak time valmeng the three types of pasta (table 3).
The GI calculated at 120 min did not differ sigcéintly among the three types of pasta and
corresponded to low-G| food&nor was there a significant difference in the Gl &PI

among the pasta. All the indexes calculated atmi®Ogave similar results.

In accordance with the results @i vitro carbohydrate digestion, which revealed no
significant differences between the RAG ratioshef DW-LT and F-LT pasta when faba bean
flour was used to replace a high proportion of durwheat, the Gl of the pasta did not

change. Several studies have shown that the incipo of a legume (10% to 30%

substitution) in cereal-based products such asdbfdd*3° cake®’ biscotti*? pretzel'®
chapatti&® or pasta, significantly reducedf*****38or tended to redudt the glycemic
response. Concerning pasta, only two studies reghdinie effect of incorporating a legume on
its glycemic response*? The first study reported that the incorporatior26% chickpea flour

into spaghetti resulted in a significantly lower BB.9) than the GI of traditional spaghetti

14
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(72.8)° However, in the second study, Marinangeli €¢ahowed that the addition of 30%
whole yellow-pea flour to pasta failed to reducel @aven slightly increased the GI (93.3)
compared to a whole wheat flour pasta (83.6). Insbudy, the Gl of the pasta enriched with
35% faba bean (41.9 for F-LT and 49.4 for F-VHTJ dot differ significantly from the GI of
traditional durum wheat pasta (52.3). The effecading a legume to pasta therefore appears
to differ depending on the nature and ratio of agume used for enrichment, and also
probably on the structure of the initial pasta maised as a reference. The Gl values of our
enriched pasta (F-LT or F-VHT) are of interest heyt classify our legume pasta in the
category of low Gl foods according to theernational Standards Organisation classification (ref
number a ajouter). They had an even lower Gl than the 25% chickpe2086 whole yellow
pea flour pasta analyzed by Goni et ahd Marinangeli et df which could explain why no
additional reduction of Gl was obtained in our stadth VHT drying. A low Gl of pasta is
generally explained by structural parameters ssdtsacompactne$sind/or the presence of a
strong protein network that entraps the starchesd In our study, the protein network
structure of pasta was weakened by incorporatitgp faean (81% versus 71% of non-
covalent linked proteins in the F-LT pasta compdmethe DW-LT pasta). Thus, if the pasta
maintained a low Gl when 35% faba bean was incatedr (F-LT Pasta), this cannot be
explained by a strengthening of protein networkugdramolecular scale. The higher breaking
stress of F-LT (0.141 MPa)s DW-LT (0.077 MPa) traduced however a modificatidrthe
structure of the pasta due to faba bean addititis modification could have occurred at
higher organizational scales, e.g. macro or mi@pis; and could be responsible for the low

F-LT GI.

The use of the high drying temperature for the tegrenriched pasta strengthened the
structure of the protein network (76% of covaletithked proteins) and also significantly

altered the texture of the F-VHT pasta, which wasemwesistant to deformation than the DW-
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LT or F-LT (F-VHT breaking stress: 0.221MPa). Howeveven though these modifications
in the structure of the pasta at supramoleculamaactomolecular scales had a significant
impact on carbohydrate digestionvitro, no effect was identifieth vivo. Thein vitro

digestion rates, and particularly the RAG of fobdye been reported to be good indicators of
GI.2* However, in our study, thie vitro results of carbohydrate digestion failed to maich
vivo results, contrary to the results of the study lojiiGet al.? in whichin vivo andin vitro
results of carbohydrate digestion of chickpea émdcpasta showed similar tendenciktss
possible that the great variability of human resoto the ingestion of food has lowered the
highlighted effect observead vitro, in controlled conditions. The heterogeneous amdpiex
conditions occurring during the vivo digestion of starch are not reproduced by curirent
vitro digestion protocols. Hasjim et &f.have therefore demonstrated that the RAG and SAG
contents analyzed usimg vivo (pigs) andn vitro digestion could be different. The
preparation step used prioritovitro starch digestion procedures has also been recently
demonstrated to affect the predictive glycemic oese and hence increase differences
attributed to food composition or structut®At the end, slowly and rapidly digested starchy
foods were also demonstrated to be able to elsitn#ar glycemic response in healthy men

due to a differential glucose metaboligth.

Insulin response and insulinemic index

Only a few studies have reported the glycemic inofielegume enriched pasta? and, to our

knowledge, no study has previously determined ingelsponse to this mixed food.

The insulin profile reflects the glucose profilenromented above, with a high peak at 30 min
and a drop under baseline over 120 minutes (Figwr& he three types of pasta produced

similar insulinemia curves with a significantly @85) lower concentration of insulin than
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the glucose solution until 120 min and no drop unggseline even after 180 min. When

subjects ingested F-LT pasta, a small second “pebikisulinemia was observed at 120 min.

The addition of the legume to pasta associated igh temperature drying significantly
increased the intensity of the insulin peak for HFIVcompared to DW-LT and to F-LT (table
3). Since the peak duration (180 min) was idenficathe three types of pasta, this difference
in peak intensity led to a significant differenge.05) in the Insulin Profile (IP) and in the
Insulin Profile Index (IPI) of the two pasta thatiuded faba bean compared to the durum
wheat pasta. The addition of the legume to pastatehded to accelerate (peak time) insulin

response, as emphasized by the thermal treatm&nVefT pasta (p<0.05).

Although GI was not modified by the faba bean dnrient in pasta, the insulin response was
more intense and more rapid in the legume-enrigieexda than in the DW-LT pasta. This
effect on insulin secretion is probably due to thigher protein content and particularly to
insulinogenic amino acid in the faba bean pastareasgiously suggested by other authors in
studies on bread made with chickpea flour consuasepart of breakfasf,cakes made from
whole soy powder consumed alone or with paddy ¥icein a pre-meal protein drink
containing soy protein isolate and other amino si&fdand in several foods enriched with

cocoa powdef?

Palatability of preloads and lunch, energy intake at lunch and subjective satiety

The palatability of the F-VHT pasta (39.6 £ 5.4 mwas significantly lower than the two
others pasta (56.5 + 4.8 and 58.2 £ 5.6 mm for Fahd@ DW-LT respectively). There was no
difference of palatability between F-LT and DW-LT.

The palatability of lunch did not significantly tf as a function of the pasta ingested as
preloads, with a score of 54.4 + 3.8, 49.9 + 4d 48.6 = 3.9 mm on the VAS for lunch after
F-LT, F-VHT and DW-LT preload ingestion, respectwe
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Concerning energy intake at lunch, there was noifsignt pasta preload effect (3517.9 *
351.2, 3160.5 + 254.6 and 3412.6 + 318.9 kJ fochuafter ingestion of F-LT, F-VHT and
DW-LT preload, respectively).

Concerning the cumulative energy intake for predoadd lunch (energy of pasta + energy of
ad libitumlunch), there was no significant effect of thetpgweload (4635.2 £ 351.2, 4355.2
+ 254.6 and 4508.8 + 318.9 kJ for F-LT, F-VHT and/ELT preloads, respectively).

Hunger, the desire to eat, and prospective consamgecreased just after consumption of
the preload and increased progressively until lufidte opposite pattern was observed for
sensations of fullness. Compared with DW-LT andTi-E-VHT given at breakfast resulted
in significantly higher self-reported satiety aspessed by the appetite score (Figure 3).
Between DW-LT and F-VHT, significance values fandé-by-treatment interactions in the
models for hunger, fullness, desire to eat and tippscore were P=0.005, P=0.008, P=0.02
and P=0.006 respectively. In the same way, sigmfie values for time-by-treatment
interactions in the models for prospective food stonption, desire to eat, fullness and
appetite score were P=0.02, P=0.02, P=0.02 andOP=(Getween F-LT and F-VHT,
respectively. No difference was observed betwediT Fand DW-LT for all the appetite
sensations reported.

Few studies have reported the impact of legumeepragnrichment of a food on energy
intake and satietf?™ **Our results are in accordance with those repdsiedall et al*®
(bread including 10% Australian sweet lupin as pémreakfast) and Johnson et“a(bread
with 24.3% of chickpea or extruded chickpea floarpart of breakfast), who reported that
legume enrichment of bread did not affect satietyfond intake. In contrast, Lee et &f.
observed a decrease in food intake 3 h after gpestion of a portion of lupin enriched bread
compared to white wheat bread, which could bebatted to the fact that the two breads used

in that study had large difference in their proteamtent.

18
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Consumption of F-VHT pasta led to a significantuetibn in the appetite score between F-
VHT and the two other types of pasta. This reductiould also be due to the different texture
of the F-VHT pasta compared to the two other typéspasta, as described by their
rheological properties. Indeed numerous stutfiédhave examined the relations between the
oral processing characteristics of a food, satiatend appetite sensations. It appears that
softer textures result in less chewing activityywéo oro-sensory exposure times, lower
expected satiation and lower appetite sensatiomsv&lsely, harder textures increase the total
oral processing time, satiation and appetite semsatBecause of their increased hardness, F-
VHT pasta could have extended chewing time compé&oethe two other types of pasta,

which could have reduced their appetite score.

Digestive comfort

No difference was observed between the three typpasta in feeling gurgling or flatulence.
F-VHT significantly reduced abdominal discomfort=(Qp01) and feeling bloated (p=0.02)
compared to F-LT with a score of 3.2+4.7 and 6.%24%rsus 11.3+20.3 and 14.8+23.7 mm
on the VAS, respectively. As a result, the indicatbabdominal discomfort was significantly
lower (p=0.007) for F-VHT (5.6£5.8 mm) than for H-L(12.0+16.3 mm). No difference in
this indicator was observed between F-LT and DWELDB + 10.4 mm), nor between F-VHT
and DW-LT. Legumes are often considered to cauderalmal upset. This effect is generally
primarily attributed to the presence of alpha-galsides found in appreciable concentrations
in legume grainé® The reduction in abdominal discomfort observechwite F-VHT pasta
could be explained by the additional high tempegatlrying treatment applied to this pasta in
comparison to the F-LT pasta. Several processes haen reported to reduce the alpha-
galactoside content of legumes including soakirapkmg, germinating, fermentation and

adding enzyme® More specifically concerning faba bean, Vidal-\&iye et af° reported
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that dry heating (120°C, 1 atm for 15 min) led t®b@&2 reduction in alpha-galactoside
content. The high temperature drying applied to fiiea bean pasta could therefore have
reduced their alpha-galactoside content, therelpyaming digestive comfort, as observed for
the F-VHT pasta in our study. Beside abdominal aligort, these compounds can also
contribute by their fermentation to positive chamgehe human microbiote compositi8h

asking the question of the health benefits of reamgpthem from food.

Conclusion

This is the first study of the glycemic and insule@sponses to faba bean enriched pasta as
well as it evaluated satiety of subjects after stige of such the composite pasta. Our results
emphasize to what extent modifying the structure tlié food matrix by changing
manufacturing conditions can affect the nutritiomllaracteristics of pasta. High rates of
incorporation (up to 35%) of faba bean changedsthecture of the pasta at different scales.
This was demonstrated by changes in the rheologimgierties and by a weakening of the
protein network of F-LT. These changes in the stmecof F-LT pasta were not reflected in
its GI and Il indicesin viva The pasta enriched with 35% faba beans thus reaa
nutritionally valuable food, with a low glycemicdax along with an increase in nutritional
values (higher protein, lysine and fiber conteotnpared to its 100% durum wheat homolog.
Preliminary results, obtained vitro, lead us to think that the Gl of the faba beangastild

be further reduced by using high temperature driiegtment. But even if structural changes,
such as a strengthened protein network and higisestance to deformation, were obtained in
the F-VHT pasta, this did not lead to a reductianthe GIl. However, the use of high
temperature drying for the pasta enriched with félean improved its global digestive

comfort and led to a decrease in appetite afteéngeathe impact of processing conditions on
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food structure and their relation to the appetesation remains largely unknown and could

be an innovative way to modulate the feeling oesg@after food consumption.
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594  Figurescaptions

595

596 Figurel: Fasting and postprandial blood glucospamse to the ingestion of glucose solution
597 or pasta. Values at different time point corresptunthe mean of 15 subjects except for DW-
598 LT (n=14). Glucose solutions were tested two titmggach 15 subjects. Values are means,
599 with standard errors of the means representedréisalédars. -=- Glucose solutioc ——

600 DW-LT; -a- F-LT; —a— F-VHT.
601

602 Figure 2: Serum insulin concentration (nmol/L) obgects in response to the ingestion of

603 glucose solution or pasta. Values at different tpomt correspond to the mean of 15 subjects
604 except for DW-LT (n=14). Glucose solutions wergadgwo times by each subject. Values
605 are means, with standard errors of the means muexbas vertical bar: - -- Glucose

606 solution;—— DW-LT; -a-- F-LT; —2— F-VHT.
607

608 Figure 3: Hunger, fullness, desire to eat, prospedbod consumption and appetite scores

609 rated by visual analogue scales (VAS) throughoettést (n=15). Values are means +SEM.

—h—

6 " Glucose ™ DW-LT; =" F-LT; F -VHT. Time-by-treatment interactions in the
611 models were for hunger, fullness, desire to eat apuktite score between DW-LT and F-
612 VHT. Time-by-treatment interactions in the modelsrev significant for prospective food

613 consumption, desire to eat, fullness and appetdeeshbetween F-LT and F-VHT.
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Tables

Table 1: Nutritional composition of pasta (per 1@0gked pasta)

Page 30 of 31

Pasta DW-LT F-LT F-VHT
Energy (kJ) 609 573 580
Total carbohydrate (g) 29.4 26.4 26.8
Total Non starch polysaccharides (g) 3.8 4.6 4.8
Soluble Non starch polysaccharides (g) 1.9 2.0 2.3
Insoluble Non starch polysaccharides (g) 1.9 2.6 5 2.
Total fat (g) 0.8 0.6 0.5
Total protein (g) 4.7 6.1 6.3
Available lysine content () 0.10 0.26 0.21

DW-LT: 100% durum wheat pasta dried at low tempe®t&rLT:35% faba-bean pasta dried at low temperaflt-VHT:

35% faba-bean pasta dried at very high temperature

Table 2:In vitro digestibility of carbohydrates in cooked pasta

RS Total available RAG SAG
Dry matter
(9/100g w.b.) carbohydrates (% available (% available
(%)

Pasta (9/100g w.b.) carbohydrates)  carbohydrates)
DW-LT 32.8 0.58 £ 0.03, 27.840.3, 67.010.7 4 32.4+0.7,
F-LT 33.7 0.88 10.04,, 25.640.3, 64.9+3.2, 34.413.2,
F-VHT 33.3 0.95 10.04y, 24.340.1, 53.010.4 46.310.4,,

DW-LT: 100% durum wheat pasta dried at low tempeggt&rLT: faba-bean containing pasta dried at lowneerature;

F-VHT: faba-bean containing pasta dried at verythtgmperature.

RS: Resistant Starch (expressed as glucose equijadRAG: Rapidly Available Glucose; SAG: Slowly ialale Glucose.

w.b.: wet basis.
Values are presented as metsD

abc Mean values within a column with different supersicietters differ significantly (p<0.05) (ANOVA folled

Student’s Test).

by
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Table 3: Blood glucose and insulin responses during 120after the ingestion of glucose

solution, DW-LT, F-LT and F-VHT.

Glucose
Samples DW-LT F-LT F-VHT
solution
Glycemia
IAUC (mM.min) 223.5+14.§ 1049+12.6 96.0 + 15.4 103.2+14.4
iPeak max (mmol/L) 3.5+023 1.8+0.2 1.9+0.2, 1.9+0.2,
Peak time (min) 39+ 5 40 + 6, 4146, 33+3,
Gl (%) 100, 52.3 +7.0p 41.945.7, 49.446.8,,
GP (min/mM) 34.6+5.9 65.8 £5.7, 56.045.5; 56.5+4.7,
GPI (%) 100, 210.3+26.6, 174.9+20.6, 179.0+21.4,,
Insulin
IAUC (nM.min) 20.5+1.8 8.5+1.2, 9.6+1.0, 9.9+1.4,
iPeak max (nmol/L) 0.32+0.Q8 0.13+0.02, 0.17+0.03, 0.23+0.07,
Peak time (min) 50+ 2 5848, 49+11 32+1,
Il (%) 100, 45.746.8; 50.145.2, 55.048.6,
IP (min/nM) 461+ 222 1276209, 9251145, 8571119,
IP1 (%) 100, 300.3+ 43.2 218.0+30.2, 207.7429.5,

DW-LT: 100% durum wheat pasta dried at low tempegt&rLT: faba-bean containing pasta dried at lownfeerature; F-

VHT: faba-bean containing pasta dried at very higmperature

IAUC: incremental area under the curve; iPeak magximum incremental peak of concentration; Gl, Gigaelndex; GP,

Glycemic Profile; GPI, Glycemic Profile Index; Ihsulinemic Index; IP, Insulinemic Profile; IPI, $alinemic Profile Index.

Data are presented as means+tSEM (n=15 except forl0Where n=14).

ab,c Mean values within a line with unlike superscrigitérs were significantly different (p<@b). Linear mixed model

(fixed effect: type of preloads; random effect:wteers) followed by Tuckey’s test.
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