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ABSTRACT
Chickpea, a relevant legume worldwide, can be tomal and functionally improved

by fermentation with lactic acid bacteria (LAB). lorder to select suitable
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autochthonous starter cultures, we isolated anatifted LAB from kabuli chickpeas
cultivated and consumed in northwestern Argentama, screened their relevant techno-
functional properties. Chickpeas were milled andnsgneously fermented with daily
back-slopping at 37°C for 6 days and evolution afrobial populations were followed
by plate counting. Phenotypic and genotypic methiodtuding (GTGj-based PCR
fingerprinting and 16S rDNA sequencing were usedlitterentiate and identify the
isolates to species level. A marked increase of Lg®Bnts was observed throughout
fermentation raising from 0.88+0.35 log CFU/g ofearmented flours to 9.61+0.21 log
CFUl/g after 5 back-slopping steps with a concontifafi decline from 6.09+0.05 to
4.40+0.03. Eighteen strains belonging to four LARngra and six species:
Enterococcus durans, E. mundtii, Lactococcus gaejid’ediococcus pentosaceus
Weissella cibariaand W. paramesenteroidesere identified in chickpea sourdoughs.
Based on their abilitiesWeissella cibariaCRL 2205 (acidification capacity)WV.
paramesenteroide€CRL 2191 (proteolytic activity),Pediococcus pentosaceud3RL
2145 (gallate decarboxylase and peptidase actyjtiactococcus garvia€RL 2199 (-
galactosidase activity) artel duransCRL 2193 (antimicrobial activity), were selected t

design novel fermented chickpea products.

Keywords: Chickpea; legumes; sourdough; lactic acid bactésrectional food.

1.- Introduction
Chickpea Cicer arietinumL.) is one of the most relevant pulses for human
consumption worldwide. According to the Food andié&gture Organization (FAO),

chickpea is a crop of importance in at least 50ntoes (89.7% grown area in Asia,
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4.3% in Africa, 2.6% in Oceania, 2.9% in the Amasicand 0.4% in Europe) with a
global production of 14.2 million tons per year. Angentina, chickpea represents an
interesting cool season crop option for irrigatedaa and humid regions, such as
northwestern foothills (Vizgarra, Espeche, & Plo@513) in which, 60 thousand tons
were produced last year and exported to the Européaon, Turkey and Brazil
(Source: Argentine Chamber of Legumes, http://wiavaccom.ar).

From a nutritional point of view, chickpea (likehet legumes of théabaceae
family) is unique, as it contains a higher propmrtiof protein (17%-30% by dry
weight) than other plant foods. Besides, they mtevtonsumers other nutrients and
bioactive phytochemicals considered valuable fom&m health, such as complex
carbohydrates, unsaturated fatty acids, dietargrfiB-group vitamins, minerals and
phenolic compounds with antioxidative propertiekeif daily consumption has been
associated with many health benefits such as tbeeption of cardiovascular disease,
diabetes, osteoporosis, gastrointestinal disord@rspus cancers, hypercholesterolemia
and obesity among others (Roy, Boye, & Simpsonp201

In addition, the functional properties of legumetpins (water binding capacity, fat
absorption, foaming and gelation) and their glutee- nature have increased the
interest of using legume flours for the developmehinovel foods aided for celiac
disease patients. Functional legume proteins froitkpea flour, have been used in the
formulation of a wide variety of products such astp, bakery products and ready-to-
eat snacks (Boye, Zare, & Pletch, 2010; Laleg, &as®8arron, Prabhasankar, &
Micard, 2016; Mifarro, Albanell, Aguilar, Guamis, @apellaset, 2012; Yagvci & Evci,
2017). However, chickpea, like the majority of lew plants have the capacity to
synthesize antinutritional factors (ANF) such as/lase and protease inhibitors, phytic

acid, saponins, tannins, lectins amdjalactosides, which reduce protein digestibility,
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nutrient absorption and cause intestinal discomfoifferent food processing strategies
such as soaking, dehulling, germination and longetcooking are commonly applied to
inactivate ANF, however some residual activity cbtemain and bioactivity of other
phytochemicals could be affected (Patterson, CuaBer, 2017). Fermentation has
proven to be an effective option for processingiiegs that improve their nutritional
and nutraceutical properties by the removal of Ald the release of bioactive
compounds (Coda et al., 2015; Curiel, et al.,, 20@bandra-Hioe, Wong, & Arcot;
2016; Gan, Shah, Wang, Lui, & Corke, 2016; Rizzel@alasso, Campanella, De
Angelis, & Gobbetti, 2014; Saez, Hebert, Saavefirdarate, 2017).

Fermentation can be spontaneously produced by endog microbiota of legumes
(Gan et al., 2016; Rizzelo et al., 2014) or cotewblby inoculation of starter cultures
(Coda et al., 2015; Curiel et al., 2015; Gan et2816; Chandra-Hioe et al., 2016; Saez
et al.,, 2017). Few studies have assessed the haticeobiota of unfermented and
spontaneous fermented chickpea seeds and floursdwde. Low numbers of
mesophilic aerobic bacteria (1.6-4.3 log CFU/g)eenibacteria (0.5-0.9 log CFU/q),
presumptive LAB (1.0-2.5 log CFU/q), yeasts (1.1-bg CFU/g) and moulds (2.0-3.5
log CFU/g) were reported for Italian chickpeas atider legume flours (Curiel et al.,
2015). Spontaneous fermentation significantly iasee microbial populations but
microorganisms vary according to regions and tephes used. Submerged
fermentation of chickpeas from Syria and Greeceewdwminated byBacillus and
Clostridium species, whereas LAB were present in low numbetatzikamari,
Yiangou, Tzanetakis, & Litopoulou-Tzanetaki, 200KRyyaly, Lawand, & Khatib,
2017). Sourdough fermentation of Italian chickpkaurs significantly increased LAB
cell densities up to 8.6 log CFU/g after 5 daybackslopping propagation (Rizzelo et

al., 2014). Microorganisms involved in fermentedckpea based foods produced in
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Asia and Europe includéeuconostoc, Lactobacillus, Streptococcus, Pediacsic
Micrococcus, Corynebacterium, Bacillus, Closstridispp. and yeasts (Hatzikamari et
al., 2007; Katsaboxakis and Mallidi, 1996; Kyyatyaé, 2017; Rizzelo et al., 2014).

It is well known that LAB can improve organolepticoperties and safety of
fermented products and that authochtonous stramsally perform better than
allochtonous ones (Coda, Di Cagno, Gobbetti, & Riz&2014). In this sense, native
LAB microbiota of the food matrix represents a makureservoir of autochthonous
cultures best suited for the fermented producthwiiverse genetic information that
might confer them high resistance to the manufagjuconditions and antagonistic
activities that allow their dominance of the enwimeent.

To our knowledge, no studies have addressed anthatbezed the lactic
microbiota of Argentinean chickpeas neither thaiteptial applications. In the present
study, we isolated and identified LAB of kabuli ckpeas of northwestern Argentina
and screened relevant techno-functional propertiesrder to obtain autochthonous

cultures to design novel fermented legume products.

2. Materials and Methods
2.1. Sourdough preparation and acidity determinations

Five chickpea sample€icer arietinumvar. kabul) provided by local markets
were individually milled to flours (Thermomix, Voexk, Madrid, Spain), mixed with
tap water to obtain a dough yield [(dough massffloass) x 100] of 200 and incubated
for 24 h at 37°C. Five back slopping renewals waagy performed by inoculating at
10% (w/w) a fresh water-flour mixture with ripe sdaugh from the day before. Ten

grams samples from unfermented doughs (D0), an8 d4nd 5 back-slopping steps
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(BS1, BS3 and BS5) were taken for acidity and nfimimgical analysis (Saez et al.,

2017).

2.2. Micraobiological analysis and lactic acid bacteria isolation

Each sourdough sample was homogenized during 3irmBtomacher® 400
(Seward, Whorting, UK) with 90 mL of sterile 0.858@CI. Ten-fold serial dilutions
were spread on selective agar media for isolatiod acount of different
microorganisms: MRS (de Man, Rogosa & Sharpe; BiataArgentina) supplemented
with 0.1% ciclohexymide (Sigma, St. Louis), incudzhtfor 48 h at 37°C under
microaerophilic conditions, Rogosa agar (Oxoid, UK h in anaerobiosis (AnaeroJar
Oxoid, UK), Plate Count Agar (Britania), 24 h at°@0in aerobiosis and Yeast and
Mold Growth Medium (Britania), 5 days at 30°C inr@gosis. Means and standard
deviations of plates containing 100 to 300 CFU weleulated, and at least 10 colonies
grown in MRS and Rogosa agar with different morphgas were phenotypically

characterized according to the Bergey Manual ofe3yatic Bacteriology, 8th edition.

2.3. Genotypic identification of the isolates

Chromosomal DNA was extracted from stationary phagkures grown in
MRS, and fingerprints of isolates were obtainedréy-PCR (Repetitive element (or
extragenic) palindromic-Polymerase Chain Reactiosing the primer (GTG)(5-
GTGGTGGTGGTGGTG-3 and PCR reaction conditions as described in oevipus
report (Saez et al., 2017). Resulting ampliconsewssparated by electrophoresis on
1.5% (w/v) agarose gels and visualized by UV tlamsination after staining with

GelRedTM Nucleic Acid Gel Stain (Biotium, HaywarG@A). Rep-PCR fingerprints
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were analyzed using the software Bionumerics 7A&0pljed Maths, Belgium) and
dendrogram was constructed applying the UPGMA #lgor.

Genotypic identification of isolates with differeregp-PCR profiles was carried
out by partial 16S rDNA sequencing. Variable regwh of the gene coding for 16S
ribosomal RNA was amplified with PLB16 (5'AGA GTTGRA TCC TGG CTC AG 3)
and MLB16 (5GGC CAC TGC TGG GTA GTT AG 3) prime(slebert, Raya,
Tailliez, & Savoy de Giori, 2000), purified and seqced with an ABI 3130 DNA
sequencer (Applied Biosystems, Foster, CA, USAgntdication queries were fulfilled
by a BLAST search in GenBank (http://www.ncbi.nlih.gov/GenBank/) and in the

Ribosomal Database Project (RDP) (http://rdp.cme.etki) and 16S rDNA sequences

were submitted to the European Nucleotide Archivatabase ( LT965053 to

LT965070).

2.4. Techno-functional evaluation of the isolates: acidification capacity, proteolytic

and amylolytic activities

Technological properties of the isolates were assbsn a sterile flour extract
(SFE) used as liquid broth. Chickpea flawith the following proximate composition
(%): moisture, 7.87; ash, 3.96; protein 26.41; 5ad8; fiber, 2.05; carbohydrates, 3.50
(7.32 g/L sucrose, 11.23 g/L raffinose type oligmbearides and 15.58 g/L stachyose);
was suspended at 40% (w/v) in distilled stirred at 4°C during 2 hours and then
sterilized at 121°C for 20 min. Flour from the seispion was removed by
centrifugation (8000 rpm, 10 min at 4°C) and th@esnatant was used as culture
medium (Saez et al.,, 2107). LAB isolates develojpedVRS were washed and

standardized in sterile 0.85% NaCl to £ 0.8 and then inoculated in SFE (24 h at
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37°C), taking samples at intervals for determinaiof bacterial biomass, pH and free
aminoacids (FAA) released by proteolysis.

Proteolytic activity of LAB was determined by thpestrophotometric assay of
Church, Swaisgood, Porter, & Catignani, (1983). flasywere deproteinized with 0.75
mol/L trichloroacetic acid (1:2) and then supern&gawere incubated with o-
phthaldialdehyde (0-PA) solution (50 mL sodiumabtrate 100 mmol/L, 5 mL sodium
dodecyl sulfate 20% (w/v), 2 mL o-Pa 40 mg/mL digsed in methanol, 0.2 m[3-
mercaptoethanol) for 10 minutes at room temperabefere reading their Ol The
results were expressed as mmoles/L of FAA referong standard curve of L-leucine.

Amylolytic activity was determined by the ability isolates to hydrolyze starch
in agar. Active LAB were streaked on MRS agar @atentaining 1% starch instead of
glucose incubated at 37°C for 48 h and then flood#ld 4% (w/v) iodine solution.
Amylase production was evidenced by the appeararfica clear zone around the

colonies.

2.5. a-Galactosidase, proteinase and peptidase activities

Specific enzymes involved in degradation of legemaigosaccharides and
proteins were assayed in cell free extracts (ChEdborimetric methods. LAB cultures
in 5 mL of SFE were centrifuged (10,000 g, 10 nmdAC), washed twice with 100
mmol/L sodium phosphate buffer (pH 6.0) and resndpd in 0.5 mL of the same
buffer (final OB [110). Cells were disrupted with 500 mg glass béad<-0.11 mm,
Sigma) in a mini bead beater-8 (Biospec Produactisl® cycles at maximum speed of 1
min each (with 1 min pauses on ice in between)s&teeads, cell debris and unbroken

cells were removed by centrifugation (10,000 g, i6,m°C) and the supernatant fluid



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

was used as CFE. Protein concentration was detedwiith a Bio-Rad protein assay
kit based on Bradford procedure (1976).

a-Galactosidase activity was determined accordinget®lanc, Garro, & Savoy
(2004) by monitoring at 410 nm the release of papitenol (pNP) from10 mmol/L of
p-nitrophenyle-D-galactopyranoside (pNPG) used as substrate.algbl was defined
as the amount of enzyme that releasesut®l pNP/min and specific activity was
expressed as U/mg of protein.

The presence of extracellular proteases was ddtastelescribed by Vermelho,
Meirelles, Lopes, Petinate, Chaia, & Branquinha@)9 Active cultures were streaked
on the surface of agar plates containing 1% (wélatin as substrate and incubated at
37°C for 48 h. Grown plates were flooded with 0.28%omassie blue in methanol-
acetic acid-water 5:1:4 (v/v/v) and destained witbthanol-acetic acid-water. A clear
zone around the colonies was indicative of extialzelprotease activity.

Aminopeptidase (AP) and endopeptidase (EP) activitere determined by the
method of Rizzello et al. (2015). The colour inign®f the p-nitroaniline (p-NA)
released from p-NA derivatives of L-anomers of laac lysine, and alanine, was
measured at 410 nm. Endopeptidase (EP) activity dedsrmined on N-succinyl L-
phenyl-alanine-p-NA and N-glutaryl L-phenyl-alanipeNA as substrates. One U was
defined as the amount of enzyme required to relégsmol of p-NA per minute under

the assay conditions. Specific activity was exgdsss U/mg of protein.

2.5. Tannase and gallate decarboxylase activity
The presence of enzymes involved in tannins metholvere determined
according to Osawa, Kuroiso, Goto, & Shimizu, (20@@h minor modifications. For

tannase (E.C. 3.1.1.20), cultures grown on MRS agae harvested with sterile swabs



222 and suspended at @Qf= 1 in NaHPO, (33 mmol/L) containing methylgallate (20
223 mmol/L); pH 5. Bacterial suspensions were incubaewbbically at 37°C for 24 h and
224  then alkalinized with 2 mol/L NaHC{solution (pH 8.6). Development of green to
225 brown color of the medium was considered positive thnnase enzyme. For gallate
226 decarboxylase activity (E.C. 4.1.1.59), active LA&tures were inoculated at 1% (v/v)
227 in MRS broth supplemented with 10 mmol/L gallicch@ind incubated in anaerobiosis
228 at 37°C for 72 h. Cultures were alkalinized witmal/L NaHCGQ; solution (pH 8.6) and
229 incubated aerobically at 37°C for 1 h. Developmantlark yellow to brown color of
230 the medium was taken as positive for gallate dexalbse enzyme.

231

232 2.6. Antibacterial activity

233 Inhibition of foodborne bacteria by LAB isolates svdetermined by an agar
234 well diffusion assay againsBacillus cereusMBC2 (from INIQUI-CONICET);
235 Escherichia coliC3 (from Institute of Microbiology “Luis Verna” ofniversity of
236 Tucuman) and.isteria innocua?7 (from Unité de Recherches Laitieres et Génétique
237 Appliguée, INRA, France) used as sensitive targefamisms (Saez et al., 2107).
238 Overnight cultures of LAB in MRS at 37 °C were aédoged (6000 rpm, 10 min at 4
239 °C) and filtered through 0.22m pore-size filters in order to obtain cell-free
240 supernatants (CFS). Aliquots of CFS were adjustepH 6.5 with NaOH, added with
241 catalase (300 IU mLt) or proteinase K (1 mgt, 3 h at 37°C) to elucidate the nature
242 of antimicrobial compounds produced (acidyOh or bacteriocin, respectively).
243 Untreated and treated CFS were inoculated (50 plyells made in BHI agar plates
244  seeded with each pathogen and incubated at 37°Q@4fdnours. The appearance of
245 inhibition halos around each well was taken as tpasiresult for antimicrobials

246  production.
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2.7. Statistical analysis

The results are expressed as the mean + standaatiole of five sourdoughs
propagated in duplicate, and three assays + saHaracterization of LAB isolates.
Significant differences (P <0.05) were determingd Twukey's test after analysis of

variance (one-way ANOVA) with Minitab Statistic yram, release 14 for Windows.

3. Results and Discussion
3.1. Micraobiological, pH and acidity analysis

Chickpea is a type of pulse crop with a long histmrhuman health benefits. In
view of these properties, its cultivation, procegsoptions and intake have increased in
recent years. In this respect, sourdough fermdetpdnes may be an interesting option
for obtaining health-enhancing ingredients for dduactional foods such as gluten-
free baked goods and ready-to-eat products (Rizeekl., 2014; Curiel et al., 2015;
Chandra-Hioe et al., 2016; Séez et al., 2017; Xiaal., 2016). Fermentation by LAB
may improve organoleptic and functional propertiégpulses and remove their ANF,
however, the right selection of microorganisms ixracial step for this bioprocess. In
consequence, in the present study, unfermentedspmdtaneous fermented chickpea
flours (sourdoughs) were microbiologically analyzdter five back-slopping steps, for
selecting autochthonous LAB as potential startéiuces for legume derived products.
Figure 1 shows changes in the viable counts of medsvant microbial populations, pH
and titratable acidity of chickpea sourdoughs afpgogressive fermentation. A
significant increase &9.05) of total mesophiles and LAB counts were obsgéifrom
the first day of fermentation raising from initizlues of 4.57+0.34 and 0.88+0.35 log

CFU/g of unfermented flours (doughs) to 10.40+0a89 9.61+0.21 log CFU/g after 5

11
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back-slopping steps, respectively. LAB levels ofemmented chickpea flours were

similar to those present in different varietiesAsfientinean beans flours (Saez et al.,
2017) and in agreement with those reported for rofloairs (amaranth, rice, corn,

quinoa, and potato) used in gluten free bread ngaf@orsetti et al., 2007).

Sourdough fermentation is a traditional food tedbgy that exerts positive
effects on technological and nutritional propertaasl shelf life of bakery products
(Ganzle & Ripari, 2016). It is well-known that midriota of stable sourdoughs of
cereals and pseudocerals worldwide is mainly remtesl by LAB and yeasts (Corsetti
& Settanni, 2007; Ganzle & Ripari, 2016; Huys, Ddn& De Vuyst, 2013), although
the dominance of microbial types and species foundhature sourdoughs may be
influenced by temperature and flour characterigiidmervini, De Angelis, Di Cagno,
& Gobbeti, 2014). LAB counts of our chickpea sourdbs attained the highest values
at 5" back-slopping step and stabilized after 6 daypropagation (data not shown).
These results are in agreement with other studiat reported “matursourdough’
(stable LAB consortium and acidification parameétensthin 3 to 10 refreshments
(Coda et al., 2017; Rizzelo et al., 2014; Vranck®maux, Weckx, Leroy, & De Vuyst,
2011).

Final LAB cell densities attained in chickpea saurghs (9.61+0.21 log CFU/q)
were higher than the obtained by Rizzello et 2014) who reported median values of
8.6, 9.0, and 8.7 log CFU/qg for chickpea, lentidl da@an sourdoughs, respectively, after
5 days of propagation. In the same manner, we quely reported that LAB
populations of Pallar, Alubia, Red and Black besosrdoughs, reached to 8.63+0.19;
8.69+0.47; 8.03+0.63 and 8.74+0.03 log CFU/g atdith of fermentation, respectively

(Séez et al., 2017). However, LAB populations aof chickpea sourdoughs were similar

12
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in LAB counts to that of mixed wheat-legume soumglwa prepared for the manufacture
of Italian breads (Rizzelo et al., 2014).

Fungal counts (yeasts and moulds) decreased psbgghsfrom 3.84+0.42 at
the beginning of fermentation to 2.38+0.38 log Cdrldffter the successive back-
slopping steps 0.05), remaining at levels of around 3 log CFU/gadirdoughs at the
6™ day of fermentation. It has been reported thatuneatvheat sourdoughs incubated at
37°C contain yeasts population that do not exceed £FU/g (Coda et al., 2017).

The progressive dominance of LAB paralleled therelese in pH and the
increase of titratable acidities of sourdoughs: mldsreased from an initial value of
around 6.09+0.05 of unfermented doughs to abot0.43 after 6 days of propagation
by back-slopping reinoculation €B.05), whereas acidities raised from 4.46+0.21 to
21.84+0.29 mL of 0.1 mol/L NaOH per 10 g of sourdbuP<0.05). Similar results
were observed for Argentinean bean sourdoughs #&mdn legume sourdoughs
fermented either spontaneously or LAB inoculatedrig et al.,, 2015; Saez et al.,

2017).

3.2. Strain typing by rep-PCR

Forty six colonies of different appearance growMiRS and Rogosa agar plates
were picked and subjected to biochemical testse®as1 main phenotypic features
described in Bergey’'s Manual (non-motile bacilldasocci, Gram positive, catalase and
nitrate negative microorganisms), 37 isolates vpeesumptively identified as LAB. All
isolates were subjected to rep-PCR (GJ @hgerprinting technique for genotypic
grouping. The dendrogram constructed by UPGMA dligor according to the
fingerprint band patterns obtained from the rep-Pffplicons is shown in Figure 2.

The isolates were grouped in 9 clusters at a giityileevel of 60%. Clusters | and I

13
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345

presented high homogeneity in band profiles andatoed strains that were isolated
from unfermented flours and the first backsloppsigp (BS1) of different samples,
suggesting adaptation and proliferation under sinehvironmental conditions. On the
contrary, clusters Il to VII showed high variabjlin band patterns that correlated with
the diverse origin of isolates and fermentationesnand contained the highest diversity
of species that were further identified (TableTlhe remaining clusters VIII and IX also
displayed a high similarity between band patteinsspite of isolates coming from
different backslopping cycles. Identical band patiewere considered as one rep-PCR
profile which allowed grouping all isolates as bjmg to 18 distinct profiles that were
further identified by 16S rDNA sequencing. ParfiélS rRNA gene sequences obtained
were compared with database at NCBI and RDP rengddigh similarity values to:
Lactococcus garvieag2 strains),Weissella cibaria(5), W. paramesenteroide§t),
Enterococcugiurans(2), E. mundtii(2) andPediococcus pentosace(®). The strains
were deposited at CERELA Culture Collection wit@RL number assigned (Table 1)
whereas their partial sequences of 16S rDNA weremgted to the European
Nucleotide Archive database (Accession numbers BU98 to LT965070).

Dynamics of LAB population and species composition the chickpea
sourdough ecosystem at each backslopping stepmsatized in Table 2. Chickpea
flours (day 0) were poor in LAB and only containEtiterococcus duranspecies
whereas the following backslopping steps allowedettgopment of a more complex
microbiota. After the first refreshment step (BSdther cocci such as. mundtiiand
Pediococcus pentosaceugre isolated besided/eissella paramesenteroidest third
backslopping cycle, microbiota was further enrichegl Lactococcus garviaeand
Weissella cibariaFinally, after 6 days of fermentation, sourdouglese dominated by

E. mundtii and Weissellaspecies. These results are correlated with theperted
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previously for fermented beans flours, which inéddt the last sourdough stage, LAB
microbiota composed bl. casseliflavus, Weissella cibargadW. paramesenteroides
(Séez et al.,, 2017). It is well known that micrdhioof traditional cereals and
pseudocereals (wheat, maize, sorghum, rye, quimmh amnaranth) sourdoughs is
dominated by LAB mostly belonging tibactobacillusspecies such asactobacillus
sanfranciscensis, L. plantarun, brevisand L. paralimentarius(Coda et al., 2014;
Corsetti et al., 2007; Corsetti & Settanni, 200B8n@e & Ripari, 2016; Huys et al.,
2013; Ruiz Rodriguez et al., 2016). However, mia@bdbiversity and stability may vary
depending on ecological factors like chemical andrabial composition of flour,
metabolic activities and interactions between nuoganisms, the environment of
propagation and some specific technological pararsge.g., percentage of inoculum,
time and temperature of fermentation), among otfMriservini et al., 2014; Vrancken
et al., 2011). Then, a wide range of LAB could $a&lated from sourdoughs worldwide
and other genera such Bsuconostoc, Weissella, Pediococeuns Enterococcushave
also been identified (Corsetti & Settanni, 2007n@a & Ripari, 2016; Huys et al.,
2013). Chickpea sourdoughs analyzed in this stumiyained 4 LAB genera and 6
species, a similar diversity to the previously fdun Argentinean sourdough beans, but

no Lactobacilluswas isolated by difference with them (Saez etall,7).

3.3. Biotechnological properties of chickpea LAB isolates

The application of LAB strains as starter cultuse food fermentations requires
the analysis of specific properties relevant foe thuality of the final product.
Acidifying, proteolytic and amylolytic activitiesfanicroorganisms could be desired
features since they contribute to preservationetgaforganoleptic and nutritional

characteristics of the product. In addition, thegence of enzyme activities involved in
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ANF removal and/or the generation of bioactive rbelides could be taken as

additional functional properties.

3.3.1. Growth, acidification and carbohydrates dagption

All strains were able to develop in chickpea SFBcei bacterial biomass
absorbances (QOfgy) increased progressively whereas pHs decreasedrdaugly,
reaching final pH values that ranged from 4.23xGd@4Neissella cibariaCRL 2205 to
5.13+0.04 forPediococcus pentosace@RL 2143 after 24 h of incubation (Table 3).
None of the strains assayed showed ability to Hydeostarch, and only two of them
(Enterococcus duran€RL 2194 andLactococcus garviea€RL 2199) showedx-
galactosidase activity. Then, most of the straiegetbped probably at expense of
readily usable sugars like sucrose and monosadgsapresent in chickpea SFé-
Galactosidase that hydrolyze$l—6) linked sugars such as stachyose, raffinose and
melibiose, has been described in LAB, bifidobaeteand fungi; and certain strains
bearing this enzyme have been proposed for thevanud undesirable NDO and the
relief of gastrointestinal discomfort associated pl@ses consumption (Mansour &

Khalil, 1998; LeBlanc et al., 2004).

3.3.2. Proteolytic activities

Proteolysis is relevant during pulses processingirfgoroving the nutritional
value, digestibility and bioactivity of their prans and peptides. Primary proteolysis is
dependent on substrate endogenous enzymes wherBsmay release, during
fermentation, small peptides and FAA by their stspecific proteolytic systems. Since
chickpeas have a high protein content, LAB proteolsctivities become relevant not

only for their own development but also for theeese of bioactive peptides and
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essential AA that contribute to humans well-beind the flavor of fermented products.
Proteolytic activities of the strains were deteredinndirectly by the quantification of
FAA released in the chickpea-based growth mediund,directly by assessing protease
and peptidase activities of LAB isolates. LAB stsaidisplayed a wide range of
proteolytic activities: seven isolates showed Idviliges to release FAA (less than 1
mmol Leu/L) whereas the other 11 strains releasdd B mmol Leu/L.Weissella
paramesenteroide€RL 2191 showed the highest ability to release HFAB7 mmol
Leu/L) (Table 4). Twelve strains displayed extradal protease activity and three of
them €. mundtiiCRL 2192, CRL 2196 anld. garviaeCRL 2199) exhibited EP activity
on Glu-Phe-pNA, whereas very low activity was relaa on Succ-Phe-pNA for all of
the CFE assayed. Only four strais pentosaceu€RL 2143, CRL 2144, CRL 2145
and E. duransCRL 2193) showed significant €B.05) AP activities (2.30£0.05 to
8.15+0.35 U/mg), being Lys-pNA the substrate hygket at the highest rate (Table 4).
Pediococcus pentosaceGRL 2145 showed high activity on the three subssréested
with values of 6.02+0.21 U/mg for Leu-pNA, 6.6448.for Lys-pNA and 4.56+0.10
U/mg for Ala-pNA. The four strains that expressthigP showed greater activity when
leucine or lysine was present at the N-terminaltoswith respect to alanine, which
could be relevant for the release of these ess$eMfiaparticularly high in pulses
proteins (Boye et al., 2010). The proteolytic systaf LAB isolated from legumes and
its contribution to proteins degradation duringrentation has been scarcely studied.
In a recent work, Verni et al. (2017) characterizbd peptidase activities of LAB
isolated from faba bean and revealed a large lbligion of aminopeptidase PepN
(especially inPediococcusstrains), which significantly increased FAA in feenied
faba bean doughs. In agreement with this study,cbigkpea LAB isolates displayed

proteolytic activities that may contribute to chpela bioprocessing.
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3.3.3. Tannase and gallate decarbolxylase actwitie

Vegetable tannins present in many plants used @$ dod feed are considered
nutritionally undesirable since they inhibit digestenzymes and affect the utilization
of vitamins and minerals. Tannase (E.C. 3.1.1.2@ases gallic acid from hydrolyzable
tannins whereas gallate decarboxylase (E.C. 49).1decarboxylate gallic acid to
pyrogallol. Then, both enzymes could be relevantémoval of tannins and the release
of bioactive phenolic compounds (Mufioz et al., 2J0Nbne of the strains assayed in
the present study showed tannase activity whereast 2f 18 strainsPediococcus
pentosaceu€RL2145 andWeissella cibariaCRL2195 showed gallate decarboxylase
activity. Metabolism of tannins has been reportad._f plantarum(Mufioz et al., 2017)
and other LAB species such aspentosusandL. paraplantarum(Osawa et al., 2000)
whereas gallate decarboxilase activity was repdde@nterococcugNakajima, Otani,
& Niimura, 1992) andNeissellaspecies isolated from different beans varietie®S#

al., 2017).

3.4. Antibacterial activity of LAB from chickpea sourdoughs

Vegetable fermentations and baked products aresesgitive to contamination
with spoilage and pathogenic microorganisms, whitdy represent a risk to public
health. Among themi-scherichia coli, Listeria monocytogen&aphylococcus aureus
andBacillus cereusare foodborne pathogens frequently reported (IMutalib, Chan,
& Lee, 2014). LAB produce several antimicrobial<tsias organic acids,B,, and
bacteriocins, and have been proposed as a biopaieer strategy to counteract food
contamination during processing and a natural redtere to chemical additives (Reis,

Paula, Casarotti, & Penna, 2012). In the presemtystantibacterial activity of the 18
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LAB chickpea strains againEischerichia coliListeria innocuaandBacillus cereusvas
assessed as a safety property (Table 3). Fourteginssshowed antagonistic effects
against the tested strains: 5 of them were ablghibit one pathogen, 7 inhibited two and
only 2 strains inhibited the growth of the thre@dborne pathogens assayed. Eleven
strains inhibited growth oB. cereus9 displayed inhibitory effects agairist coli and
only 4 strains showed arltisteria activity (Table 3). Only two strain€. duransCRL
2193 andWeissella paramesenteroid€RL 2198 produced bacteriocin-like inhibitory
substances whereas other antagonisms were pH dgpentd probably due to organic
acids. Bacteriocin production is widespread amintgrococcuspecies (Khan, Flint, &
Yu, 2010) and we have recently reported BLIS sysithkyWeissella cibarieCRL 2148
isolated from kidney beans sourdough (Saez e2@il.7). Other studies have also reported
the production of antibacterial and antifungal comgnts by LAB from sourdoughs that

can improve the safety and shelf life of final prot$ (Corsetti & Settani, 2007).

4. Conclusion

To increase the consumption of chickpeas, new psitg options and
applications are needed. Fermentation with selecfd8l may improve its nutritional,
sensory and functional properties but the rightein of microorganisms is critical for
successful outcomes. In the present study, wetégsbknd characterized for the first time
the LAB microbiota present in chickpeas cultivateti consumed in the northwestern
region of Argentina. Strains with promising propest Weissella cibariaCRL 2205
(acidification capacity), W. paramesenteroidesCRL 2191 (proteolytic activity),
Pediococcus pentosace@RL 2145 (gallate decarboxylase and peptidasevitees),
Lactococcus garvia€RL 2199 (i-galactosidase and proteolytic activities) &durans

CRL 2193 (antimicrobial potential), were selectedé applied as new functional starter

19



471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

cultures for the production of fermented legumeth\added value. The evaluation of the
most appropriate combination of strains and thaipact on the sensory and healthy

properties of the final product is currently undayw

Acknowledgments
This work was supported by PIP 0319 from CONICEDr{§ejo Nacional de
Investigaciones Cientificas y Técnicas, Argentiawad PICT 2011-0175 from ANPCyT

(Agencia Nacional de Promocidn Cientifica y Tecgaté, Argentina).

References

Boye, J., Zare, F., & Pletch, A. (2010). Pulse @irtg: processing, characterization,
functional properties and applications in food &ed.Food Research International
43, 414-431.

Bradford, M. M. (1976). A rapid and sensitive method for the quardifon of
microgram quantities of protein utilizing the priple of protein-dye binding.
Analytical Biochemistry, 7248-254.

Chandra-Hioe, M. V., Wong, C. H., & Arcot, J. (2016he Potential Use of Fermented
Chickpea and Faba Bean Flour as Food IngrediBidat Foods for Human Nutrition,
71,90-95.

Church, F. C., Swaisgood, H. E., Porter, D. H., &ti@nani, G. L. (1983).
Spectrophotometric assay using o-phthaldialdehgdéedtermination of proteolysis in
milk and isolated milk proteingournal of Dairy Science6, 1219-1227.

Coda, R., Di Cagno, R., Gobbetti, M., & Rizzello, 2014). Sourdough lactic acid
bacteria: Exploration of non-wheat cereal-basechégtation.Food Microbiology 37,

51-58.

20



496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

Coda, R., Kianjam, M., Pontonio, E., Verni, M., Oagno, R., Katina, K., Rizzello, C.
G., & Gobetti, M. (2017). Sourdough-type propagatal faba bean flour: Dynamics
of microbial consortia and biochemical implicatiohsternational Journal of Food
Microbiology, 248,10-21.

Coda, R., Melama, L., Rizzello, C. G., Curiel, J., Sibakov, J., Holopainen, U.,
Pulkkinen, M., & Sozer, N. (2015). Effect of airaskification and fermentation by
Lactobacillus plantarun’VTT E-133328 on faba beakitia faba L) flour nutritional
propertiesinternational Journal of Food Microbiology93 34-42.

Corsetti, A., & Settanni, L. (2007). Lactobacilii sourdough fermentation: a review.
Food Research Internationadp, 539-558.

Corsetti, A., Settanni, L., Chaves-Lépez, C., FéBsE., Mastrangelo, M. & Suzzi, G.
(2007). A taxonomic survey of lactic acid bacteisalated from wheatT{iticum
durum) and non-conventional flour§ystematic and Applied Microbiolo@®p, 561-
571

Curiel, J. A., Coda, R., Centomani, I., Summo, Gagbetti, M. & Rizzello, C. G.
(2015). Exploration of the nutritional and functadncharacteristics of traditional
Italian legumes: The potential of sourdough ferragon. International Journal of
Food Microbiology, 19651-61.

Gan, R. Y., Shah N. P., Wang, M., Lui, W., & Corke, (2016). Fermentation alters
antioxidant capacity and polyphenol distribution Belected edible legumes.
International Journal of Food Science and Technyp)dl, 875-884.

Géanzle, M., & Ripari, V. (2016). Composition anchétion of sourdough microbiota:
From ecological theory to bread qualitgternational Journal of Food Microbiology,

239, 19-25.

21



520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

Hatzikamari, M., Yiangou, M., Tzanetakis, N., & &toulou-Tzanetaki, E. (2007).
Changes in numbers and kinds of bacteria duringiekpea submerged fermentation
used as a leavening agent for bread productioternational Journal of Food
Microbiology,116,37-43.

Hebert, E. M., Raya, R., Tailliez, P. & Savoy deogiG. (2000). Characterization of
natural isolates ofLactobacillus strains to be used as starter cultures in dairy
fermentation International Journal of Food Microbiology9, 19-27.

Huys, G., Daniel, H. M., & De Vuyst, L. (2013). Taaxomy and diversity of sourdough
yeasts and lactic acid bacteria. In M. GobbettiM& Génzle (Eds.), Handbook of
sourdough biotechnology (pp. 105-154). New Yorkrigper Science + Business
Media.

Katsaboxakis, K., & Mallidis, K. (1996). The mictofa of soak water during natural
fermentation of coarsely ground chickp@zicer arietinum)seedsLetters in Applied
Microbiology, 23 261-265.

Khan, H., Flint, S., & Yu, P. L. (2010). Enterocimsfood preservationnternational
Journal of Food Microbiology, 1411-10.

Kyyaly, R., Lawand, M., Khatib, F. (2017). Isolatidacteria from soaked chickpea
using for bakery fermentatiomternational Journal of Academic Scientific Resdmgr
5,77- 89.

Laleg, K., Cassan, D., Barron, C., Prabhasankar&Micard, V. (2016). Structural,
Culinary, Nutritional and Anti-Nutritional Propees of High Protein, Gluten Free,
100% Legume PastRLoS One, 111-109.

Law, J. W. F., Mutalib, N. S. A., Chan, K. G., LeeH. (2014). Rapid methods for the
detection of foodborne bacterial pathogens: priesipapplications, advantages and

limitations. Frontiers in Microbiology, 5770.

22



545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

LeBlanc, J. G., Garro, M. S., & Savoy de Giori, 2004). Effect of pH on
Lactobacillus fermentungrowth, raffinose removalg-galactosidase activity and
fermentation product#pplied Microbiology and Biotechnology, 66,9-123.

Mansour, E. H., & Khalil, A. H. (1998).Reduction o#ffinose oligosaccharides in
chickpea Cicer arietinun) flour by crude extracellular fungadi-Galactosidase.
Journal of the Science of Food and Agriculture, 785-181.

Minervini, F., De Angelis, M., Di Cagno, R., & Goélp, M. (2014) Ecological
parameters influencing microbial diversity and 8igb of traditional sourdough.
International Journal of Food Microbiology, 17136-146.

Mifiarro, B., Albanell, E., Aguilar, N., Guamis, B, Capellaset, M. (2012). Effect of
legume flours on baking characteristics of gluteseforead.Journal of Cereal Science,
56, 476-481.

Mufioz, R., de las Rivas, B., Lopez de Felipe, eydRon, I., Santamaria, L., Esteban-
Torres, M., Curiel, J. A., Rodriguez, H., & LandeileéM. (2017). Biotransformation of
Phenolics byLactobacillus plantarunmin Fermented Foods. In J. Frias, V. Martinez-
Villaluenga, & E. Pefas (Eds.) Fermented Foods @&alth and Disease Prevention
(pp. 63-83). Cambridge, UK: Academic Press.

Nakajima, H., Otani, K., & Niimura, T. (1992). Debaxylation of Gallate by Cell-Free
Extracts ofStreptococcus faecalendKlebsiella pneumoniaksolated from Rat Feces.
Journal of the Food Hygienic Society of Japan,38.-377.

Osawa, R., Kuroiso, K., Goto, S., & Shimizu, A. @B). Isolation of Tannin-Degrading
Lactobacilli from Humans and Fermented Foodgpplied and Environmental
Microbiology, 66(7), 3093—-3097.

Patterson, C. A., Curran, J., & Der, T. (2017).€Eff of processing on antinutrient

compounds in pulse€ereal Chemistry Journa4, 2-10.

23



570 Reis, J. A, Paula, A. T., Casarotti, S. N., & PenA. L. B. (2012). Lactic Acid
571 Bacteria Antimicrobial Compounds: Characteristicsid a Applications. Food
572 Engineering Reviewd, 124-140.

573 Rizzello, C. G., Calasso, M., Campanella, D., Dgdlis, M., & Gobbetti, M. (2014).
574 Use of sourdough fermentation and mixture of whelaickpea, lentil and bean flours
575 for enhancing the nutritional, texture and sensomgaracteristics of white bread.
576 International Journal of Food Microbiology, 18@8-87.

577 Rizzello, C. G., Hernandez-Ledesma, B., Fernandemél S., Curiel, J. A., Pinto, D.,
578 Marzani, B., Coda, R., & Gobbetti, M. (2015). ltadilegumes: Effect of sourdough
579 fermentation on lunasin-like polypeptidddicrobial Cell Factories, 14168.

580 Roy, F., Boye, J. I, Simpson, B.K. (2010). Bioaetiproteins and peptides in pulse
581 crops: Pea, chickpea and lenfibod Research International, 4832-442.

582 Ruiz Rodriguez, L., Vera Pingitore, E., Rollan, Martos, G., Saavedra, L., Fontana, C.,
583 Hebert, E. M., & Vignolo, G. (2016). Biodiversityd technological potential of lactic
584 acid bacteria isolated from spontaneously fermearadranth sourdoughetters in
585 Applied Microbiology, 63147-154.

586 Saez, G. D., Hébert, E. M., Saavedra, L. & Zar&te(2017). Molecular identification
587 and technological characterization of lactic acattbria isolated from fermented
588 kidney beans flours Rhaseolus vulgarisL. and P. coccineus in northwestern
589 Argentina.Food Research International, 10205-615.

590 Vermelho, A. B., Meirelles, M. N. L., Lopes, A, titate, S. D. G., Chaia, A. A,, &
591 Branquinha, M. H. (1996). Detection of extraceltytmoteases from microorganisms
592 on agar platesviemorias do Instituto Oswaldo Cruz, 955-760.

593 Verni, M., Wang, C., Montemurro, M, De Angelis, MKatina, K., Rizzello, C.G., &

594 Coda, R. (2017). Exploring the Microbiota of Fab@aB: Functional Characterization

24



595

596

597

598

599

600

601

602

603

604

605

606

of Lactic Acid Bacteria. Frontiers in Microbiology, 8, 2461. doi:
10.3389/fmicb.2017.02461

Vizgarra, O N., Espeche, C. M., & Ploper, L. D. 13D Evolucion del cultivo de
garbanzo en la Republica Argentii&2AOC Publicacion Especial 48;11.

Vrancken, G., Rimaux, T., Weckx, S., Leroy, F., & Duyst, L. (2011). Influence of
temperature and backslopping time on the microlmdtatype | propagated laboratory
wheat sourdough fermentatigkpplied Environmental Microbiology, 72716—-2726.

Xiao, Y., Huang, L., Chen, Y., Zhang, S., Rui, &.,Dong, M. (2016). Comparative
study of the effects of fermented and non-fermegtedkpea flour addition on quality
and antioxidant properties of wheat bre@gTA — Journal of Food, 14621-631.

Yagvci, S., & Evci, T. (2017). Development of chiga snack using instant controlled

pressure drop proceskurnal of Food Processing and Preservation, &l2958.

25



Table 1: Genotypic identification by 16S rDNA sequence gsial of LAB isolated during

chickpea sourdoughs fermentation

Isolate CRL Backsloppinc Dendogramr Closest relative % Submissior
N® day cluster Identity N°
TG3 2191 1 Vi Weissdlla paramesenter oides 98% LT96505:
TG  214: 1 Il Pediococcus pentosaceus 100% LT96505¢
TG8 214/ 1 Vi Pediococcus pentosaceus 100% LT96505¢
TG1l4 219 1 Vil Enterococcus mundtii 96% LT96505¢
TG2z 214t 1 11 Pediococcus pentosaceus 99% LT96505%
TG3€ 219t 0 I Enterococcus durans 100% LT96505¢
TG5Z 219« 1 Il Enterococcus durans 99Y% LT96505¢
TG8: 219¢ 3 IX Lactococcus garvieae 96% LT96506(
TG9z 220C 3 VI Lactococcus garvieae 97U LT96506!
TG94 219t 3 Vv Weissdlla cibaria 99% LT96506:
TG9E  219¢ 5 Vil Enterococcus mundiii 97% LT96506:
TG97 2197 5 v Weissella cibaria 92% LT96506¢
TG12: 219¢ 5 I Weissella paramesenter oides 99% LT96506¢
TG12E 2201 3 vV Weissella paramesenter oides 99% LT96506¢
TG12¢ 220z 3 Vil Weissdlla cibaria 99% LT96506"
TG127 220: 5 I Weissella cibaria 99% LT96506¢
TG13E 220¢ 5 Vi Weissella paramesenter oides 99% LT96506¢
TG13¢ 220t 5 Vil Weissella cibaria 99% LT96507(




Table 2: LAB species identified at different back-sloppstgps of chickpea sourdough
fermentation

Back

slopping 4 4 4 g, §

cyce 2 g8 2 883 s
8o 85 38 88@.9@%
T3 32 5SS 52 28 .
G552 8888 2L 2x

Bso [N

BS 1 .

BS 3

BS5 L]




Table 3: Some properties of LAB isolated from Argentine&ickpea sourdough

a- Gallate Bacterial inhibition by cells
Strain ODseg DH** Am_yl_olytic galactosidase Tamase decar_ngylase free supernatants§ BLIS_
activity*** activityr activityt activityt E. L. B. production
coli innocua cereus
CRL 2191 | 2.63+0.1%* 4.48+0.04° - Nd - - + - + -
CRL 214: | 3.29+0.38 5.13+0.04 - Nd - - + - + -
CRL 214¢ | 3.25+0.3%5°  5.09+0.08' - Nd - - - - - -
CRL 219. | 2.27+0.068® 4.79+0.06" - Nd - - + + + -
CRL 214! | 3.29+0.14° 5.11+0.04 - Nd - + + - - -
CRL 2193 | 3.87+0.13  5.11+0.08 - Nd - - + + + +
CRL 219¢ | 2.10+0.14  4.95+0.07 - 13.96+0.60 - - + - + -
CRL 2199 | 1.91+0.18 4.82+0.03* - 41.07+0.58 - - - - + .
CRL 220( | 3.29+0.1§° 4.82+0.08% - Nd - - - - - -
CRL 219t 3.07+0.16  5.00+0.17°f - Nd - + - - - -
CRL 219€ | 3.31+0.18° 4.80+0.08" - Nd - - - + + -
CRL 2197 | 3.14+0.26°  4.79+0.04° - Nd - - - - + -
CRL 219¢ 3.08+0.15  4.62+0.0%° - Nd - - + + - +
CRL 220. | 2.99+0.18° 4.76x0.0%" - Nd - - - - -
CRL 220: | 3.17+0.08" 4.67+0.04° - Nd - - - - + -
CRL 220: | 3.34+0.2f% 4.61+0.0%° - Nd - - + - + -
CRL 220« 2.13+0.18  4.88+0.06° - Nd - - + - + -
CRL 220f | 3.28+0.24°  4.23+0.04 - Nd - - + - - -

Values are averages from three independent assstgmdard deviations. Means with different lettgresscripts in the same column indicate significant
differences (R0.05). Selected strains are marked in bold.

*Absorbance of bacterial biomass after 24 h of gloan chickpea SFE.

**pH values of chickpea SFE after 24 h of LAB grdwtnitial pH was 6.46.

***Amylolytic activity was expressed as (halo prese) or - (no halo around streak).

T a-galactosidase activity was expressed as U mg

T Tannase presence was expressed as + (greemto totor development) or — (light yellow).

T Gallate decarboxylase presence was expresse(tasktyellow to brown color development) or — figyellow).

8§ Inhibitory activity was expressed as + (halo pre®) or - (no halo around the well).

Nd: Not detected.



Table 4: Proteolytic activities of LAB isolated from Argenéan chickpea sourdough

Strain

FAA*

Proteinase

Aminopeptidase activityt

Endopeptidase activity

activity** Ala-pNA Leu-pNA Lys-pNA ShEE A Glu-Phe-pNA
pNA
CRL 2191 | 1.87+0.1% + 0.20+0.04 0.3620.0f  0.65+0.07  0.550.0% 0.36+0.0%
CRL 2143 | 1.69+0.2§° - 0.26+0.08'  3.19+0.29  5.27+0.27 0.04+0.06 0.12+0.00
CRL 2144 | 0.81+0.16" - 2.30+0.08  3.64+0.07  4.19+0.28  0.31+0.00 0.11+0.01
CRL 2192 | 0.94+0.08" + 0.28+0.04  0.47+0.04  0.29+0.02  0.27+0.02 7.23+0.18
CRL 2145 | 0.42+0.08 - 456+0.160 6.02+0.2f  6.64+0.18  0.23+0.0f 0.20+0.01
CRL 2193 | 1.34+0.28% - 0.15+¢0.08 5.71+0.1f  8.15+0.3% 0.07+0.01 0.26+0.06
CRL 2194 | 0.90+0.1%" + 0.09+0.06  0.37+0.04  0.63+0.07  0.47+0.0% 0.65+0.09
CRL 2199 | 1.69+0.2%¢ + 0.70+0.06 0.96+0.07 0.65+0.16 0.54+0.01 3.48+0.3%
CRL 2200 | 0.84+0.06" + 0.33+0.07  0.55+0.06  0.30+0.08"  0.13+0.0% 0.31+0.08
CRL 2195 | 1.21+0.18° + 0.00+0.06  0.15+0.05  0.21+0.04  0.13+0.0f  0.23+0.0#
CRL 2196 | 1.70+0.0¢° + 0.18+0.04° 0.32+0.0f  0.28+0.01  0.16+0.0%1 6.19+0.25
CRL 2197 | 0.90+0.07" + 0.0020.06 0.19+0.06"  0.29+0.03  0.17+0.0f  0,24+0.0®
CRL 2198 | 0.98+0.1%" + 0.20+0.02°  0.09+0.03  0.10+0.0f  0.03+0.00 0,19+0.01
CRL 2201 | 1.13+0.09° + 0.07+¢0.08  0.27+0.0f  0.28+0.02  0.13+0.0#  0,25+0.0#
CRL 2202 | 1.34+0.18% - 0.20+0.07"  0.48+0.02  0.43+0.04  0.23+0.0f  0,28+0.0¥
CRL 2203 | 1.26+0.08 - 0.09+0.08 0.20+0.01  0.30+0.01  0.22+0.0f 0,16+0.01
CRL 2204 | 1.69+0.1%¢ + 0.07+0.02  0.13+0.0¢ 0.11+0.0f  0.04+0.00 0,07+0.01
CRL 2205 | 1.65+0.18° + 0.07+0.04  0.22+0.08  0.25+0.02 0.15+0.0% 0,15+0.01

Values are averages from three independent assagtantlard deviations. Means with different letter
superscripts in the same column indicate significéfferences (R0.05). Selected strains are marked in bold.
*Indirect proteolytic activity determined by FAA gutification (millimols L-Leu/L) in chickpea SFEtaf 24

h of LAB growth.
**Extracellular proteinase activity was detectedHygrolysis of gelatin and expressed as + (halegee) or
- (no halo around streak).
T Exopeptidase (aminopeptidase) and Endopeptidziétias were expresed as U thgeleased from each
substrate.



FIGURE LEGENDS

Figure 1: Microbiological analyses [total mesophilic aerolnacteria @); lactic acid
bacteria @) and yeasts and mold¥{], pH (A) and titratble acidity @) of Argentinian
chickpea flours before (doughs) and after 5 baokyshg steps (sourdoughs) incubated for
24 h at 37°C. The data are the means of five detetrans + standard deviations of two
independent assays. Mean values of each curvehaghg the same letter are different at

P<0.05.

Figure 2 Dendrogram obtained by cluster analysis of rep-RGRGs) fingerprints. The
dendrogram is based on Dices’s Coefficient of ginty with the unweighted pair group
method with arithmetic averages clustering alganittUPGMA). Representative isolates

were identified by 16S rDNA sequencing.



Figurel

log CFU/g

6.5

12

10 1

- 6,0

- 5,5

- 5,0

- 45

- 4,0

- 3,5

3,0

T U

BS1 BS3
Time (days)

BS5

pH

- 20

- 15

- 10

TTA



Figure2

ACCEPTED MANUSCRIPT

v

VI

"l

Vil

IX



Saez, G.D., Saavedra, L., Hebert, E.M., & Zaratg2G17)

Highlights

» Argentinean kabuli chickpeas were microbiologicalnalyzed for LAB

isolation.

» Six LAB species were identified by Rep-PCR fingerpng and 16S rDNA
sequencing.

» Some strains have potential to improve nutritianelity and safety of legumes.

» Five LAB strains were selected for developing nodetmented chickpea
derived foods.



