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mesenteroides  CRL 2131 synthesized the highest concentra-
tions of B 2  and B 9  vitamin (140–250 ng/mL). This study dem-
onstrates the potential of LAB to improve the nutritional and 
functional values of pseudocereal-derived foods. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Amaranth is a gluten-free grain that belongs to the 
 Amaranthaceae  family [Alvarez-Jubete et al., 2009]. The 
amaranth grain (AG) is rich in starch like conventional 
cereals, and thus it is often referred to as a “pseudocereal” 
[Bressani, 2003]. Amaranth is an ancient crop cultivated 
in different countries in South and Central America, Af-
rica, India, and Asia, which has been rediscovered in the 
last 30 years [Dini et al., 2012]. AG has been reported to 
have higher amounts of minerals (Ca 2+ , Mg 2+ , Fe 2+ , and 
Zn 2+ ) compared to wheat [Alvarez-Jubete et al., 2009; 
Venskutonis and Kraujalis, 2013]. Nevertheless, the bio-
availability of these nutrients can be affected by antinutri-
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 Abstract 
 Amaranth is a rediscovered pseudocereal with high nutri-
tional properties. Lactic acid fermentation can increase the 
functional and nutritional value of foods. The aims of this 
study were to isolate and evaluate the functionality of lactic 
acid bacteria (LAB) from amaranth. LAB strains ( n  = 29) iso-
lated from amaranth sourdough and grains included  Lacto-
bacillus (L.) plantarum  ( n  = 8),  L. rhamnosus  ( n  = 6),  Enterococ-
cus (E.) mundtii  ( n  = 4),  E. hermanniensis  ( n  = 3),  E. durans  ( n  = 
1),  Enterococcus  sp. ( n  = 1),  Leuconostoc (Lc.) mesenteroides  
( n  = 3), and  Lc. mesenteroides  subsp . mesenteroides  ( n  = 3). 
Only 21% of the strains showed the ability to synthesize cap-
sular exopolysaccharides or display ropiness and only 8 
strains showed amylolytic activity.  L. plantarum  CRL 2106 
and  E. durans  CRL 2122 showed the highest phytase activity, 
which is of importance for mineral bioavailability.  L. planta-
rum  CRL 2106 and CRL 2107 and  Lc. mesenteroides  subsp.  
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tive compounds. In this sense, amaranth is rich in phytic 
acid (PA; myo-inositol hexakisphosphate, 21.1 μmol/g), 
which can form complex multivalent cations such as min-
erals and inhibit their intestinal absorption [Sanz-Penella 
et al., 2012]. The negative effect of PA can be reduced by 
phytase, an enzyme capable of sequentially dephosphory-
lating PA. Since microorganisms are the main source of 
phytases, there is increasing biotechnological potential 
for their use in PA-containing foods [Lopez et al., 2000]. 

  Lactic acid bacteria (LAB) are a heterogeneous group 
of microorganisms with GRAS (Generally Recognized as 
Safe) status that have traditionally been associated with 
food fermentation. These bacteria produce a wide variety 
of metabolites and compounds during fermentation, 
such as organic acids, aroma compounds, antimicrobial 
substances, exopolysaccharides (EPS), bioactive peptides, 
and useful enzymes, among others [Hugenholtz, 2008]. 
Although LAB are usually auxotrophic for several vita-
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  Fig. 1.  Viable cell-counts (squares) and pH 
values (circles) of SAS during fermentation 
( a ) or from LAB isolated from A 1 G and 
A 2 G ( b ). Results are expressed as means ± 
SD. 
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mins, some strains have the ability to synthesize a few B-
group vitamins, suggesting that the adequate use of se-
lected strains may increase the concentration of these vi-
tamins in fermented foods, increasing their nutritional 
value. Selection of starter cultures within the autochtho-
nous microbiota is strongly recommended since indige-
nous cultures ensure better performance compared to al-
lochthonous/commercial strains [Di Cagno et al., 2013].

  Several review articles have been published on differ-
ent aspects of amaranth, including the study of its com-
position, processing, uses, properties, and potential ben-
eficial health effects [Alvarez-Jubete et al., 2010; Caselato-
Sousa and Amaya-Farfán, 2012]. In contrast, only a few 
reports about the characterization of LAB from amaranth 
sourdough and their use as starter culture are available 
[Sterr et al., 2009; Vogelmann et al., 2009; Jekle et al., 
2010].

  Thus, the aim of this study was isolation, identifica-
tion, and partial characterization of lactic microbiota 
from amaranth (grains and sourdough) in order to select 
suitable LAB strains as starter cultures for the elaboration 
of amaranth-derived foods with improved nutritional, 
technological, and functional values. This was accom-
plished by selecting strains that have the capacity to pro-
duce bioactive substances (such as vitamins, ropiness [R], 
and capsular EPS [CPS]) and produce functional value 
enzymes (phytase and amylase).

  Results 

 LAB Isolation and Identification 
 Microbiological analysis of the lactic microbiota of 

SAS (spontaneous amaranth sourdough) fermentation 
showed an increase from 2 × 10 3  to 5 × 10 9  CFU/g dough 
at 24 h, which remained constant until the end of the fer-
mentation ( Fig.  1 a). In the AG, LAB in A 1 G increased 
from 3.0 × 10 4  to 6.8 × 10 8  CFU/mL while in A 2 G it in-
creased from 4.6 × 10 2  to 2.8 × 10 8  CFU/mL at 48 h of 
fermentation ( Fig. 1 b). 

  The presumptive LAB isolated from SAS ( n  = 30) and 
AG ( n  = 60) on MRS-5 at 30   °   C were subjected to prelim-
inary trials for identification. From of the total ( n  = 90) 
isolates, 70 were considered putative LAB (Gram positive 
and catalase negative); microscopic analyses showed the 
presence of cocci (58.6%) and bacilli (41.4%). 

  Genotypic Characterization by RAPD-PCR Analysis  
 Presumptive LAB (70 colonies) were analyzed by 

RAPD-PCR using 2 primers, i.e., XD9 and M13b. Strains 

with identical RAPD patterns were considered the same 
strain. The results showed 29 different patterns or RAPD 
profiles. The 16S rRNA of the representative strain of 
each RAPD profile was partially sequenced using the 
PLB16 and MLB16 primers (data not shown). The respec-
tive species were determined by BLAST comparison of 
the obtained sequences with the nucleotide database of 
the National Center for Biological Information (NCBI). 
The twenty-nine different patterns corresponded to dif-
ferent strains of  Lactobacillus (L.) plantarum  ( n  = 8),  L. 
rhamnosus  ( n  = 6),  Enterococcus   (E.) mundtii  ( n  = 4),  E. 
hermanniensis  ( n  = 3),  E. durans  ( n  = 1),  Enterococcus  sp. 
( n  = 1),  Leuconostoc (Lc.) mesenteroides  subsp . mesen-
teroides  ( n  = 3), and  Lc. mesenteroides  ( n  = 3). All of the 
different LAB strains were deposited in the CERELA Cul-
ture Collection (CRL).

  Acidification Capacity 
 The acidification capacity of the 29 LAB strains was 

evaluated in sterile flour extract for 72 h.  L. rhamnosus 
 CRL 2139 and  L. plantarum  CRL 2079, 2092, 2107, and 
2108 isolated from SAS, as well as  Lc. mesenteroides  CRL 
2132 and  E. durans  CRL 2122 isolated from AG, reduced 
the medium pH to values lower than 5.0 after 8 h, while 
the remaining strains reached that pH after 24 h. The final 
pH values (72 h) were between 3.70–3.90, except for  L. 
rhamnosus  CRL 2139 and  E. mundtii  CRL 2094 isolated 
from SAS and  E. mundtii  CRL 2136,  E. hermanniensis 
 CRL 2134,  Lc. mesenteroides  subsp . mesenteroides  CRL 
2131, and  Lc. mesenteroides  CRL 2121 isolated from AG, 
the medium pH value of which was was higher than 4.0 
(data not shown).

  Amylolytic Activity 
 Owing to their relatively high starch content, ama-

ranth appears to be an important eco-niche for screening 
and isolation of amylolytic LAB (ALAB). LAB (29 strains) 
isolated from SAS and AG were evaluated for amylolytic 
activity in modified MRS agar containing 1% soluble 
starch. Of the total, 8 strains, i.e.,  L. plantarum  CRL 2079, 
2080, 2092, and 2106 from SAS and  E. hermanniensis 
 CRL 2134 and 2136, as well as  E. mundtii  CRL 2137 and 
 Enterococcus  sp. CRL 2138 from AG, showed amylolytic 
activity ( Table 1 ).

  Ropiness and CPS Formation 
 The LAB strains isolated from SAS and AG were eval-

uated for CPS and R production. Of the total studied 
strains, 20.7% were CPS +  and R + , 38% were CPS +  and R – , 
and 17.2% were CPS –  and R +  while the remaining 24% 

D
ow

nl
oa

de
d 

by
: 

G
öt

eb
or

gs
 U

ni
ve

rs
ite

t
13

0.
24

1.
16

.1
6 

- 1
1/

24
/2

01
7 

6:
44

:4
3 

PM



 Carrizo    et al.
 

 J Mol Microbiol Biotechnol 2017;27:289–298 
DOI: 10.1159/000480542

292

were CPS –  and R – . These results demonstrated that the 
ability to synthesize CPS or to display R is strain depen-
dent ( Table 1 ). 

  Antinutritional Factor Degradation: Phytase Activity  
 Phytase activity was widely distributed in all of the as-

sayed species; the highest phytase activities were deter-
mined in  L. plantarum  CRL 2106 (730 ± 25 U/mL) and  E. 
durans  CRL 2122 (1,041 ± 48 U/mL) isolated from SAS 
and AG, respectively. For the remaining LAB strains, the 
phytase activity varied between 135 U/mL and 699 U/mL 
( Table 1 ).

  Riboflavin and Folate Production 
 Riboflavin (B 2 ) and folate (B 9 ) production was deter-

mined in LAB isolated from SAS and AG.  L. plantarum 
 was the species that produced the highest vitamin con-
centration, and the SAS strains  L. plantarum  CRL 2106 
and  L. plantarum  CRL 2107 produced the highest con-
centrations of B 9  (138 ± 7.5 ng/mL) and B 2  (158 ± 25 ng/
mL), respectively. Other strains synthesized variable vita-
mins levels, except for  L. rhamnosus  CRL 2093 which did 
not produce B 2  ( Fig. 2 a). The extracellular production of 
riboflavin and folate in LAB isolated from SAS was always 
higher than the intracellular production. 

  Ten out of 14 LAB isolated from AG produced B 9 , and 
3 of these strains, i.e.,  Lc. mesenteroides  subsp . mesen-

 Table 1.  Characteristics of LAB isolated from amaranth

LAB Source CPS Ropiness Amylolytic 
activity

Phytase 
activity, U/mL

L. plantarum CRL 2079 SAS + + + 699 ± 47h–j

L. plantarum CRL 2080 SAS + + + 636 ± 48h–j

L. plantarum CRL 2082 SAS – + – 333 ± 49c–e

L. rhamnosus CRL 2081 SAS – – – 234 ± 1b–e

L. rhamnosus CRL 2139 SAS – + – 135 ± 41j

L. rhamnosus CRL 2090 SAS – + – 300 ± 3b–e

L. rhamnosus CRL 2091 SAS – + – 291 ± 13b–e

L. plantarum CRL 2092 SAS + + + 577 ± 65g–i

L. rhamnosus CRL 2093 SAS – – – 355 ± 25e, f

L. rhamnosus CRL 2104 SAS – – – 0a

L. plantarum CRL 2105 SAS – + – 648 ± 9h–j

L. plantarum CRL 2106 SAS + + + 730 ± 25i, j

L. plantarum CRL 2107 SAS + + – 530 ± 42f–h

E. mundtii CRL 2094 SAS + – – 287 ± 47b–e

L. plantarum CRL 2108 SAS + + – 136 ± 7a, b

Lc. mesenteroides CRL 2121 AG – – – 373 ± 61e, f

E. durans CRL 2122 AG + – – 1,041 ± 48k

Lc. mesenteroides subsp. mesenteroides CRL 2123 AG – – – 358 ± 25e, f

Lc. mesenteroides CRL 2124 AG + – – 370 ± 5e, f

E. hermanniensis CRL 2125 AG – – – 387 ± 14e, f

Lc. mesenteroides subsp. mesenteroides CRL 2131 AG + – – 406 ± 18e–g

Lc. mesenteroides CRL 2132 AG + – – 338 ± 37d, e

E. hermanniensis CRL 2133 AG + – – 255 ± 53b–e

E. hermanniensis CRL 2134 AG + – + 156 ± 17a–c

E. mundtii CRL 2135 AG + – – 685 ± 8h–j

E. mundtii CRL 2136 AG + – + 588 ± 30h–j

E. mundtii CRL 2137 AG + – + 598 ± 8h–j

Lc. mesenteroides subsp. mesenteroides CRL 2140 AG + – – 0a

Enterococcus sp. CRL 2138 AG – – + 167 ± 7a–d

 LAB, lactic acid bacteria. SAS, spontaneous amaranth sourdough; AG, amaranth grain; CPS, capsular exopolysaccharide. Symbols 
indicate the capacity (+) or not (–) of the strains to degrade starch. Data presented as mean ± standard deviation. a–k Different letters in 
the same column indicate significant differences (p < 0.05).
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teroides  CRL 2131,  Lc. mesenteroides  CRL 2132, and  En-
terococcus  sp. CRL 2138, synthetized the highest concen-
trations (>130 ng/mL;  Fig.  2 b); CRL 2131 was the best 
producer (142.2 ± 2.1 ng/mL). Variable concentrations 
(9–100 ng/mL) were produced by the other LAB strains. 
 Lc. mesenteroides  subsp . mesenteroides  CRL 2131 and  E. 
durans  CRL 2122 produced the highest total riboflavin 
concentrations (>250 ng/mL).

  Discussion 

 In this study, 29 LAB strains isolated and identified 
from amaranth (sourdough and grain) were subjected to 
characterization to be used as a potential starter culture 
in the production of amaranth-derived foods with higher 
nutritional and functional values. 

  Characterization of LAB from Amaranth  
 Sourdough fermentation is a traditional process em-

ployed since ancient times in baking; it has the potential 
to exploit the technological, nutritional, functional, and 
sensory features of wheat and nonwheat flours [Katina et 
al., 2005; Arendt et al., 2011; Gänzle, 2014]. 

  ALAB from Amaranth 
 Polysaccharides constitute the main compositional 

part of amaranth seeds, with starch being the main com-
ponent (67.3%) in this fraction. Although most LAB are 
unable to degrade starch due to lack of the enzyme amy-
lase, some strains exhibit this enzymatic activity and are 
qualified as ALAB. Only few strains of lactobacilli exhib-
it amylase activity [Gänzle and Follador, 2012] but ALAB 
have been reported to be found in different tropical 
starchy fermented foods, made especially from roots such 
as cassava and sweet potato or grains such as maize, sor-
ghum, and rice [Ramos et al., 2015; Smerilli et al., 2015]. 
In this study, strain-specific LAB amylolytic activity from 
amaranth was demonstrated. Certain LAB isolated from 
SAS, with most belonging to  L. plantarum , have the abil-
ity to degrade starch. 

 LAB Producing R and CPS 
 Gluten-free baking is often characterized by a low 

bread volume and a poor texture due to the lack of net-
work-forming gluten proteins [Gallagher et al., 2003]. 
EPS, high-molecular-weight carbohydrate polymers, are 
produced by certain LAB strains during sourdough fer-
mentation and they have the potential to replace hydro-
colloids in gluten-free sourdoughs [Schwab et al., 2008]. 

EPS-producing LAB are industrially important microor-
ganisms in the production of functional foods and they 
are frequently used as starter cultures or coadjutants to 
develop fermented foods such as yoghurt, cheese, and ce-
real-based products [Zannini et al., 2016]. In this study, 
LAB strains isolated from SAS and AG were evaluated for 
CPS and R production. The results showed that these 
properties are strain dependent.  L. rhamnosus  CRL 2081, 
2093, and 2014 were R –  CPS – , while  L. rhamnosus  CRL 
2139, and CRL 2090 and 2091 were R +  and CPS – . Six 
strains of  L. plantarum  showed R production in addition 
to formation of CPS. These results open the door exploi-
tation of these EPS- and CPS-producing strains for the 
development of amaranth-based fermented foods with 
quality and acceptability similar to those of products 
made with gluten-containing flours.

  Functional Properties of LAB from Amaranth 
 Antinutritional Factor Degradation: Phytase Activity  
 Whole-grain products, such as whole-grain breads, 

have been recommended because of their high content of 
several minerals (e.g., Ca 2+ , Mg 2+ , Fe 2+ , Zn 2+ , Cu 2+ , and 
Mn 2+ ). However, the major parts of minerals in grains are 
complexly bound to PA (such as phytate), consequently 
reducing their bioavailability [Kumar et al., 2010]. The 
PA content of GF flours/foods is an important factor to 
consider, especially for celiac patients who suffer from 
micronutrient deficiencies. GF flours/ingredients have 
variable concentrations of phytate, i.e., rice, 0.12%; pearl 
millet, 0.25%; amaranth, 0.47%; teff, 0.70%; lupin, 0.77%; 
corn, 0.92%; oats, 1.13%; quinoa, 1.18%; and soybean, 
1.33% [Arendt et al., 2011]. Sanz-Penella et al. [2012] 
showed that replacing wheat flour with whole amaranth 
flour as a bread-making ingredient (up to 40/100 g) af-
fected the phytate concentration (up to 1.20 μmol/g dry 
matter [dm]) of bread with respect to controls, which did 
not detectable values, thus reducing the mineral bioavail-
ability. The application of phytase-producing LAB as 
starter cultures has been proposed as a food grade alterna-
tive. Selected strains of LAB species from sourdough fer-
mentation as well as from an African pearl millet fermen-
tation have been reported to be capable of degrading PA 
[López et al., 2000; De Angelis et al., 2003; Songré-Ouat-
tara et al., 2008]. In our study, LAB strains belonging to 
different species isolated from SAS and AG partially de-
graded PA, and  L. plantarum  CRL 2106 (SAS) and  E. du-
rans  CRL 2122 (AG) were the strains that showed the 
highest phytase activity (i.e., 730 ± 25 and 1,041 ± 48 U/
mL, respectively). These activity values are higher than 
those reported in the study of Anastasio et al. [2010], 
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where the highest phytase activity value (710 U/mL) was 
determined for  L. plantarum  H5. The bacteriocin-pro-
ducing strains  Pediococcus pentosaceus  KTU05–8 and 
KTU05–9, isolated from spontaneous rye sourdough, 
showed a phytase activity of 32 and 54 U/mL, respective-
ly, under conditions similar to leavening of bread dough 
(pH 5.5 and 30   °   C) [Cizeikiene et al., 2015]. Also, García-
Mantrana et al. [2014] reported that purified phytases 
from intestinal bifidobacteria reduced the high level of 
phytates in breads made with the addition of whole ama-
ranth flour. 

  These results highlight that phytases as produced dur-
ing food fermentation by LAB represents an attractive 
strategy to produce whole grain products (from cereals 
and pseudocereals) with enhanced nutritional quality. In 
addition to B vitamin production by amaranth-ferment-
ing LAB, this seems to be the first report on their phytase 
activity. 

  Additionally, phytase, proteolytic, and amylolytic ac-
tivities may be influenced to a greater degree by the pH 
profile of biological acidification during the fermentation 
period in contrast to the rather abrupt effect caused by the 
deliberate addition of acidic compounds. The optimum 
activity of these enzymes, which play a significant role in 
changes in dough constituents, is achieved at pH values 
of 5.0–6.0, 4.0–5.0, and 3.6–6.2 for phytase and proteo-
lytic and amylolytic enzymes, respectively [Poutanen et 
al., 2009; Gänzle, 2014]. As demonstrated in the present 
study, certain LAB strains isolated from both SAS as AG 
can reduce the pH to values below 6.0 at the beginning of 
fermentation, which would greatly improve enzymatic 
activities. 

  Production of Folate and Riboflavin 
 Grain products contain only low amounts of group B 

vitamins due to their loss during processing methods. 
Previously, it was demonstrated that staple foods pro-
duced from amaranth contained total folate contents of 
35.5 μg/100 g dm in bread, 36.3 μg/100 g dm in cookies, 
and 38.9 μg/100 g dm in noodles, whereas when wheat 
was used, breads contained 12.0 μg/100 g [Schoenlechner 
et al., 2010]. The riboflavin content in AG flour is in the 
range of 0.29–0.32 mg/100 g. In general, significant re-
ductions of all vitamins take place during processing, 
which affect the nutritional value of the products [Dini et 
al., 2012]. The production of fermented food products 
with high levels of B vitamins increases their commercial 
and nutritional value and eliminates the need for fortifi-
cation [Burgess et al., 2009]. Some LAB strains can syn-
thesize B vitamins. Different strategies have been applied 

to improve the microbial production of vitamins during 
fermentation [Sybesma et al., 2006]. In this study, 29 LAB 
isolated from amaranth were evaluated for their capacity 
to produce B 2  and/or B 9 . From these strains, 79% were 
able to grow in the absence of riboflavin and 86% without 
folates. These values are similar to those obtained previ-
ously with strains isolated from goat milk and cheeses, 
where 84% were capable of producing at least one of these 
vitamins [Da Silva et al., 2016].  L. plantarum  CRL 2106 
and CRL 2107, both isolated from SAS, produced rela-
tively high B 9  and B 2  amounts.  Lc. mesenteroides  subsp . 
mesenteroides  CRL 2131, isolated from AG, synthesized 
the highest vitamin concentrations (142.2 ± 2.1 ng/mL B 9  
and 267.5 ± 24.4 ng/mL B 2 ). These results are higher than 
those reported in a recent study where 40 strains isolated 
from wheat produced folates between 30 and 70 ng/mL 
[Salvucci et al., 2016]. Moreover,  L. plantarum  CRL 2106 
and 2107 produced higher concentrations of folate than 
the values recently reported by strains of this species [Lai-
ño et al., 2014]. Folate and riboflavin production was also 
strain dependent, as was the case for strains isolated from 
other ecological niches such as dairy products, cereals, 
fermented vegetables, etc. [LeBlanc et al., 2013]. To our 
knowledge, this is the first study showing that fermenting 
LAB strains isolated from amaranth can produce ribofla-
vin and folate.

  Conclusions 

 The results obtained in this work led us to select  L. 
plantarum  CRL 2106 and  E. durans  CRL 2122, isolated 
from SAS and AG, respectively, as a potential starter cul-
ture for preparation of amaranth-based foods as they: (i) 
grow in amaranth doughs, causing their acidification; (ii) 
produce elevated B-group vitamin (folate and riboflavin) 
concentrations; (iii) produce EPS; and (iv) possess im-
portant enzymatic activities that are not only technologi-
cally but also nutritionally relevant as they may degrade 
antinutritional factors such as phytate.

  This work contributes to the fundamental knowledge 
of the LAB metabolism during fermentation of noncon-
ventional cereal crops. Fermentation of amaranth with 
selected LAB could be used as a strategy to improve the 
nutritional and functional value of foods by producing 
nutritional compounds and reducing undesirable ones. 
However, the strains selected in this study must be evalu-
ated in fermented amaranth foods in order to confirm 
whether the results obtained in vitro are conserved in this 
food matrix.
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  Materials and Methods 

 LAB Isolation 
 Sourdough was prepared as described previously by Carrizo et 

al. [2016]. Every 24 h, samples were drawn to determine the pH 
using a portable pH meter equipped with a penetration probe 
(Sartorius PT-10; Germany) and for microbiological analysis. 
Ripe sourdough samples (50 g) were stored at –20   °   C for further 
analysis.

  To analyze the bacterial count in the SAS, 5-g portions were 
suspended in 45 mL of sterile saline solution (0.85% weight/vol-
ume of sodium chloride) and mixed for 1.5 min in a Stomacher 
machine (Stomacher 400; Seward, UK). For isolation and count-
ing of LAB from sourdough was performed as previously de-
scribed by Carrizo et al. [2016]. Gram staining was performed and 
the catalase activity and the cell morphology of the isolates were 
determined. Presumptive LAB isolates (Gram positive and cata-
lase negative) were selected for identification and characterization 
and stored at –80   °   C in glycerol (20% volume/volume, final con-
centration) for further studies.

  In addition, LAB were isolated from 2 AG varieties, i.e., A 1 G 
and A 2 G [Carrizo et al., 2016]. The morphology of tentative LAB 
isolates (cells and colonies) was observed to determine purity and 
Gram staining was performed and the catalase activity deter-
mined. All Gram-positive and catalase-negative isolates were 
stored at –80   °   C in glycerol (20% final concentration) for further 
analysis. 

  Differentiation and Identification of LAB Using Randomly 
Amplified Polymorphic DNA-Polymerase Chain Reaction 
 Cultures (5 mL) grown in MRS were prepared with single colo-

nies and incubated at 30   °   C for 16 h. Two milliliters of these cul-
tures were centrifuged (10 min, 3,000  g ) and the resulting cell pel-
lets were used for DNA isolation according to Pospiech and Neu-
man [1995]. 

  Randomly amplified polymorphic DNA (RAPD)-PCR was 
carried out with a MycyclerTM thermal cycler (BIO-RAD Labora-
tories, Inc.) using the single primers XD9 (5 ′ -GAAGTCGTCC-3 ′ ) 
and M13b (5 ′ -GAGGGTGGCGGTTCT-3 ′ ) [Carrizo et al., 2016]. 
RAPD-PCR profiles were analyzed using Scientific Image Process-
ing (ImageJ 1.47v) software. LAB isolates were considered differ-
ent when the RAPD-PCR profiles were not the same based on the 
profiles obtained using the primers M13b or XD9. 

  One representative strain of each RAPD profile was subjected 
to sequencing of the first 550 bp of the 16S rRNA gene with the 
primers PLB16 (5 ′ -AGAGTTTGATCCTGGCTCAG-3 ′ ) and 
MLB16 (5 ′ -GGCTGCTGGCACGTAGTTAG-3 ′ ) according to the 
protocol described by Hébert et al. [2000]. After purification, 
products were sequenced using an ABI 3130 DNA sequencer (Ap-
plied Biosystems, Foster, CA, USA). rRNA gene sequence align-
ments were performed using the multiple sequence alignment 
method [Edgar, 2004] and identification queries were fulfilled by 
a BLAST search [Altschul et al., 1990] in GenBank (http://www.
ncbi.nlm.nih.gov/GenBank/) and in the Ribosomal Database Proj-
ect [Cole et al., 2009]. 

  Characterization of LAB  
 Acidification Capacity 
 The acidification capacity by LAB in vitro was determined in 

sterile flour extract [Alfonzo et al., 2013]. LAB cultures were indi-

vidually inoculated (1% volume/volume) in 20 mL of sterile flour 
extract, and the tubes were incubated for 72 h at 30   °   C. The pH 
measurements were taken at 0, 4, and 8 h and then 24, 48, and 
72 h after inoculation.

  Screening of ALAB 
 To determine the capacity of LAB from SAS and AG to quali-

tatively hydrolyze starch in vitro, the method of Lee et al. [2001] 
was applied with modifications [Carrizo et al., 2016]. The starch 
hydrolysing strain  L. amylovorus  CRL 887 was used as a positive 
control.

  R and CPS Formation 
 Overnight cultures (5 µL) of LAB were spotted on MRS agar 

plates and incubated at 30   °   C for 48 h; the ability to form ropy 
colonies was assessed by observing a mucoid appearance when 
touching the colonies with a sterile toothpick [Ruas-Madiedo and 
De Los Reyes-Gavilán, 2005]. CPS formation was determined by 
the India ink negative-staining technique from an active culture 
grown in liquid MRS for about 16–24 h [Mozzi et al., 2001]. 

  Phytase Activity: Preparation of Cell-Free Extracts and 
Phytase Assay  
 LAB were preliminary inoculated in Chalmers broth [Vanos 

and Cox, 1986] with 1% (weight/volume) of sodium phytate (Sig-
ma-Aldrich) and incubated at 30   °   C to the exponential growth 
phase. Preparation of the cell-free extract was carried out as de-
scribed previously by Carrizo et al. [2016]. Phytase   activity was 
determined by measuring the concentration of inorganic phos-
phate released from sodium phytate [Shimizu, 1992]. Absorbance 
was measured at A 700 nm  using a microplate reader (VERSAmax 
tuneable microplate reader; Molecular Devices, USA). Results 
were compared to a standard curve prepared with inorganic phos-
phate (K 2 HPO 4 ). One unit of phytase activity was defined as the 
amount of phytase that liberates 1 nmol      ·      mL –1  inorganic phos-
phate per min from a 3 m M  Na-phytate solution at pH 5.0 and a 
temperature of 45   °   C. The volumetric activity of intracellular phy-
tase was determined as described previously by Nuobariene et al. 
[2011]. 

  Riboflavin (B 2 ) and Folate (B 9 ) Vitamin Production 
 The selection of vitamin (B 2  and B 9 )-producing LAB was deter-

mined previously [Carrizo et al., 2016]; vitamin production was 
evaluated in those strains able to grow in the absence of the cor-
responding vitamin. 

  Folate concentrations (intra- and extracellular and total) were 
determined by a previously described microbiological assay using 
 L. rhamnosus  NCIMB 10463 as an indicator strain [Carrizo et al., 
2016]. 

  Intracellular, extracellular, and total riboflavin concentrations 
were likewise determined using  L. rhamnosus  ATCC 7469 as an 
indicator strain grown in riboflavin-free medium [Carrizo et al., 
2016]. 

  Statistical Analysis 
 All values were expressed as means ± SD. Statistical analyses 

were performed with the software package Infostat using ANOVA 
GLM followed by Tukey’s post hoc test, and  p   ≤  0.05 was consid-
ered statistically significant.
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