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A B S T R A C T

Lactobacilli (n = 68) isolated from human feces and fermented milk products were screened for the production
of riboflavin (vitamin B2) by culturing into riboflavin assay medium (RAM). Cell-free culture supernatants from
positive isolates (BBC32A, BBC32B, BBC33 and BIF43) were transferred onto RAM agar pre-seeded with
Enterococcus faecalis MTCC2729 (a riboflavin auxotroph). The enhanced growth of B2-auxotroph confirmed the
bioavailability of produced vitamin. Isolate BBC32B produced the highest riboflavin (319 ± 36 μg/l), followed
by BBC33 (304 ± 91 μg/l), BBC32A (276 ± 8 μg/l) and BIF43 (257 ± 91 μg/l). All four isolates contained
riboflavin genes ribG, ribB, ribA and ribH. Sequencing of DNA fragments amplified from the 16S–23S rRNA
intergenic spacer region and areas flanking the 23S rRNA gene grouped these isolates within the species
Lactobacillus plantarum. Identifications were confirmed by sequencing 1300-bp of amplified 16S rDNA fragments.
Fermentation of soymilk by single cultures of L. plantarum BBC32B, BBC33 and BIF43 yielded 49.05%, 38.97%
and 35.94% riboflavin enrichment respectively, which is more than 18.75% recorded in literature for
Lactobacillus fermentum MTCC8711. Maximum levels of riboflavin were obtained within 12 h of fermentation in
soymilk. Lactobacillus plantarum BBC32B may be used as starter culture for developing of riboflavin-enriched
soymilk.

1. Introduction

Riboflavin (vitamin B2) and its two metabolic derivatives, flavin
mononucleotide (FMN) and flavin adenine dinucleotide (FAD), play an
essential role in energy production, redox potential and cellular growth
(Bhushan et al., 2019; Said & Ross, 2014). Prolonged riboflavin defi-
ciency may lead to the development of ulcers and cataracts, cheilosis,
glossitis, angular stomatitis, sore throat, anaemia, hyperhomocystei-
nemia and dementia (Rivlin & Pinto, 2007). Typical subclinical symp-
toms are characterized by low anti-oxidative and glutathione reductase
(GR) activities (Rivlin & Pinto, 2007).

The recommended dietary allowance (RDA) of riboflavin is
1300 μg/day for adults and 500–900 μg/day for children (Food and
Nutrition Board, 2008). However, despite the presence of riboflavin in
basic foods such as milk, eggs, fruits and vegetables (Juarez del Valle,
Laino, Savoy, & LeBlanc, 2014), vitamin B2 deficiency is a worldwide
problem and occurs in all age groups (O'Brien et al., 2001; ENNyS,
2007; Burgess, Smid, & van-Sinderen, 2009; Juarez del Valle et al.,
2014). According to a survey conducted in Europe, 15% of adults have

a riboflavin intake less than the lower reference nutrient intake value of
0.8 mg/d (Mensink et al., 2013). Statistics for adults in India is worse,
with a higher percentage suffering from riboflavin deficiency (O'Brien
et al., 2001; Shalini et al., 2018; Siddiqi, Uroo, & D'Souza, 2019). It is
expected to affect half of adult population (Sivaprasad et al., 2019).
More than 70% of preschool children in India consume less than 50% of
the riboflavin RDA (INSA, 2011).

Enrichment of fermented food with riboflavin-producing lactic acid
bacteria (LAB) may be the answer to prevent riboflavin deficiencies
(Capozzi, Russo, Dueñas, López,& Spano, 2012; Chandrasekar,
Chamlagain, Kariluoto, Piironen, & Saris, 2017; Juarez del Valle, Laiño,
Savoy de-Giori, & LeBlanc, 2014). Selection of such functional strains of
LAB from ecological and human samples has always been a challenging
task, owing to such properties being strain-specific (LeBlanc et al.,
2011). In recent times, indigenously isolated, autochthonous, and
functional LAB strains have been suggested to be used for human/an-
imal consumption (Ganguly et al., 2011; Sirichokchatchawan et al.,
2018). Thus far, only a few lactic acid bacteria with the ability to
produce riboflavin have been described (Juarez del Valle et al., 2014;
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LeBlanc, Burgess, Sesma, de Giori, & van Sinderen, 2005; Russo et al.,
2014; Thakur, Tomar, Brahma, & De, 2016).

The composition of a food-base for development of novel functional
food product has to be considered carefully (Bhushan, Tomar, &
Chauhan, 2017; LeBlanc et al., 2011). Soymilk is lactose-free, high in
protein, folate and polyunsaturated fatty acids and is the ideal product
to enrich with riboflavin. Soymilk produced by the traditional process
contains, in average, following composition; 3.4% protein, 1.8% of li-
pids, 1.5% of carbohydrate (sucrose, raffinose and stachyose) and 0.5%
of ash. It is the only vegetarian food containing all essential amino acids
and economically more viable than cow milk (Singh, Vij, Hati, Singh, &
Bhushan, 2016). Although the riboflavin content in soymilk is very low
in comparison to bovine milk (Juarez del Valle et al., 2014; Odo, 2003),
it is sufficient to sustain the growth of LAB (LeBlanc et al., 2011;
Salvetti, Celandroni, Ghelardi, Bggiani, & Senesi, 2003) but an increase
in riboflavin content pot-fermentation of soymilk is desirable. In this
study, we report on riboflavin-producing strains of L. plantarum isolated
from human feces and the fermented milk products Dahi and Lassi, and
report on their ability to curdle and enrich soymilk.

2. Materials and methods

2.1. Chemicals, growth media and reference strains

Chemicals, enzymes and growth media, except riboflavin assay
medium (RAM), were from Sigma-Aldrich (St. Louis, Missouri). RAM
was from BD Difco (Franklin Lakes, New Jersey, USA). All PCR reagents
were from Thermo Fisher Scientific (Waltham, Massachusetts, USA).
Lactobacillus fermentumMTCC8711 and Enterococcus faecalisMTCC2729
were from the Microbial Type Culture Collection, Institute of Microbial
Technology (Chandigarh, India) and served as positive and negative
controls, respectively, for riboflavin production. Lactobacillus plantarum
NCDC772 & NCDC771, and Lactobacillus rhamnosus BHM11, received
from Dr. Sudhir Kumar Tomar (National Dairy Research Institute,
Karnal, India), were used as reference strains in genetic studies.

2.2. Isolation of lactobacilli and presumptive screening for riboflavin
production

Fecal and fermented milk samples (Dahi and Lassi), collected from
the Kundli and Ganaur villages in the Sonipat district of Haryana
(India), were homogenized, serially diluted in sterile saline (0.85%, w/
v, NaCl) and plated onto de-Man, Rogosa and Sharpe (MRS) agar. Plates
were incubated at 37 °C under anaerobic conditions (Anaerocult A,
Merck Millipore) for 24–36 h. Colonies were randomly selected and
streaked to purity on MRS agar. Pure cultures were gram-stained, their
cell morphology studied, and checked for catalase activity using 3.0%
(v/v) H2O2.

Gram-positive, rod-shaped and catalase-negative isolates were in-
oculated into 10 ml MRS broth and incubated at 37 °C for 24 h to reach
an optical density (OD595) of 0.9–1.0 (9 log cfu). Seven milliliters from
each of these cultures was centrifuged (7168×g, 7 min, 4 °C), washed
twice in sterile phosphate buffered saline (PBS, pH 7.0) to remove
media compounds and re-suspended in 7.0 ml sterile PBS. From each of
these cell suspensions, individual tubes with 7.0 ml RAM were in-
oculated (1.0%, v/v) and incubated at 37 °C for 24 h. The cells were
sub-cultured seven-to ten-times in RAM, unlike three to four sub-cul-
turing steps performed by other researchers (Juarez del Valle et al.,
2014; Russo et al., 2014). With each sub-culturing, changes in OD595

values were recorded. L. fermentum MTCC8711, a riboflavin-producing
strain, and E. faecalis MTCC2729, an auxotroph for riboflavin, were
used as controls. Cell growth was calculated using the following
equation:

Δ OD595 = OD595 (Tx) – OD595 (T0), where Tx = OD reading re-
corded after a specific time of incubation and T0 = OD reading re-
corded immediately after inoculation.

The morphology (cell length and shape) of cells was determined
after each sub-culturing, using a standard light microscope, and com-
pared to the morphology of cells in the original culture (Bhushan,
Tomar, & Mandal, 2016). Isolates that maintained their cell mor-
phology and showed a consistent, or slight increase in growth when
sub-cultured, were selected for further studies and stored at −80 °C in
MRS broth supplemented with 20.0% (v/v) glycerol.

2.3. Confirmation of riboflavin production and bioavailability

A microbiological assay (Salvetti et al., 2003) was used to confirm
the production and bio-availbilty of riboflavin. Selected isolates were
inoculated (1.0%, v/v) into RAM broth, incubated at 37 °C for 24 h and
the cells harvested (7168×g, 7 min, 4 °C). Cell-free supernatants (CFS)
were filtered through PVDF membrane filters (0.22 μm pore diameter;
Merck, KGaA, Darmstadt, Germany) and 5–10 μl of the filtrate spotted
onto RAM agar plates seeded with 50–100 μl E. faecalis MTCC2729
(OD595 = 0.2). L. fermentum MTCC8711 was used as positive control.
Cell-free supernatants that supported the growth of E. faecalis
MTCC2729, judged by increased growth at areas where CFS were
spotted, were considered to contain riboflavin. Cells from corre-
sponding isolates were selected for HPLC analysis.

2.4. Detection of riboflavin by HPLC

Selected isolates were inoculated (1.0%, v/v) into RAM broth, in-
cubated at 37 °C for 24 h and sub-cultured seven-to ten-times in the
same medium. The last culture of each isolate was used to inoculate
(1.0%, v/v) 250 ml RAM broth, tightly sealed in screw-capped 250 ml
amber-colored fermentation vessels (Borosil, Ahemedabad, India).
Incubation was done at 37 °C until cultures reached late logarithmic
growth. Samples of 5 ml were collected after 12 h and 18 h, respec-
tively. To each sample 25 ml 0.1 M HCl was added and the cell sus-
pension autoclaved (121 °C for 15 min). After cooling to room tem-
perature, the pH was adjusted to 4.5 with 4 M Na-acetate. To each cell
extract 5 ml of an enzyme solution was added, which consisted of pa-
pain (12U), acid phosphatase (22U), α-amylase (420U) and glutathione
(0.1%, w/v), left at 25 °C for 1 h and then diluted to 50 ml with 0.01 M
HCl. The cell debris were harvested (7426×g, 7 min, 4 °C) and the
supernatant filtered through PVDF membrane filters (0.2 μm pore size;
Merck). Ten microliters of the filtrate was injected into a Waters HPLC
(Model 2707, Waters India Pvt. Ltd), equipped with a reverse-phase
C18 column (Kromasil, SIGMA, 5μ 100A, 250 × 4.6 mm), an in-line
degasser, auto-sampler, binary 515 pump control (module II) and UV
detector. Methanol and water (35:65) was used as mobile phase, ac-
cording to Russo et al. (2014). The flow rate was 1.0 ml/min. Readings
were recorded at 268 nm (Rodriguez, Fernandez-Ruiz, Camara, &
Sanchez-Mata, 2012). Pure riboflavin (Sigma, St. Louis, Missouri) was
used as control.

2.5. Screening for genes involved in riboflavin production

Genomic DNA was isolated according to the method of Pospiech and
Neumann (1995), and screened for the presence of genes encoding ribG
(pyrimidine deaminase and pyrimidine reductase), ribB (riboflavin
synthase), ribA (3,4-dihydroxy 2-butanone 4-phosphate synthase and
GTP cyclohydrolase II) and ribH (lumazine synthase). DNA primers
used in PCR (Table 1) were designed based on gene sequences reported
for L. plantarum SRCM102022, as listed in NCBI. Amplified DNA was
separated on a 1.5% (w/v) agarose gel in TAE buffer (1x), at 80 V for
50 min. DNA bands were stained with ethidium bromide (0.5 mg/ml)
and visualized under UV light. Purification and sequencing of PCR
products were performed by Eurofins Scientific (Bangalore, India). Se-
quences were compared with those in GenBank, using BLAST (http://
blast.ncbi.nlm.nih.gov) with DNA homology threshold>98%. The
evolutionary analysis of genes pertaining to 16S rRNA and riboflavin
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were conducted in comparison to respective published gene sequences
of Lactobacillus strains in MEGA6 (Tamura, Stecher, Peterson, Filipski, &
Kumar, 2013) by using the maximum likelihood (ML) method based on
the Tamura-Nei model.

2.6. Identification of riboflavin-producing isolates

Genomic DNA of riboflavin-producing isolates was prepared as de-
scribed above. The DNA primer-sets used in PCR reactions are listed in
Table 1. The 16S rDNA gene was amplified using the forward and re-
verse primers of Marchesiet al. (1998). The 16S–23S rRNA intergenic
spacer and flanking 23S rRNA regions were amplified using DNA
primer sets of Song et al. (2000).

2.7. Soymilk bio-enrichment

Strains that produced riboflavin and contained the genes encoding
riboflavin production were cultured in RAM broth, harvested and wa-
shed as described above. Cell suspensions were kept in separate test
tubes. From each cell suspension, 100 ml freshly prepared soymilk (in
duplicate in amber-colored screw-capped vessels) were inoculated with
initial cell number of ~107 log cfu per ml. The vessels were incubated
at 37 °C for 12 h. Unfermented soymilk and soymilk fermented with L.
fermentum MTCC8711 were used as negative and as positive controls,
respectively. The samples were prepared and analyzed by HPLC as
described above. Two fermentations with each strain, performed in

separate runs, were subjected to HPLC analysis. All fermentations were
performed in triplicate.

2.8. Statistical analysis

Microsoft Office (2007) was used for descriptive representation of
data and tabulation. GraphPad Prism (version 5) was used for XY,
column and grouped statistics using one and two-way ANOVA equipped
with Tukey and Bonferroni's post hoc tests. Differences were considered
statistically significant at p-values (p ≤ 0.05). Phylogenic dendrograms
were generated using MEGA-6 software, maximum likelihood (ML) and
the Tamura-Nei model with bootstrap (500). Final values were gener-
ated from mean values of three individual experiments, unless speci-
fied.

3. Results and discussion

3.1. Isolation of lactobacilli and growth in RAM

A total of 150 colonies were randomly selected from MRS agar
plates containing processed samples. A total of 68 isolates were Gram-
positive, rod-shaped and catalase-negative, and preliminary classified
as members of the genus Lactobacillus. Only four isolates (BBC32A,
BBC32B, BBC33 and BIF43) showed consistent growth, even after
seven-to ten-times sub-culturing in RAM broth. This suggested that all
four isolates produced riboflavin. Changes in optical density recorded

Table 1
DNA primers and conditions used in the amplification of riboflavin genes, the 16S–23S rRNA intergenic spacer region, area flanking the 23S rRNA gene and 16S rRNA
gene of isolates BBC32A, BBC32B, BBC33 and BIF43.

DNA Target gene Primers Amplicon length
(bp)

Annealing
temperature (°C)

Reference

Genomic 16S–23S rRNA intergenic spacer region (Lactobacillus
genus identification)

F: CTCAAAACTAAACAAAGTTTC
R: CTTGTACACACCGCCCGTCA

250 55 Dubernet, Desmasures, &
Gueguen (2002)

Genomic 16S–23S rRNA intergenic spacer region and its
flanking 23S rRNAregion (L. plantarum specific)

F: ATTCATAGTCTAGTTGGAGGT
R: CCTGAACTGAGAGAATTTGA

248 60 Song et al. (2000)

Genomic 16SrRNA gene F: CAGGCCTAACAC ATGCAA GTC
R:
GGGCGGWGT GTACAAGGC

1300 55 Marchesi et al. (1998)

Genomic ribG (Pyrimidine deaminase and Pyrimidine
reductase)

F:
AGCTGGATCCTACTGGTGAAA
R:
CAGCGACAGTGCGGTAATC

1261 58 Present study

Genomic ribB (Riboflavin synthase) F:
GCTGCGATGACACCGTTGAC
R:
CGCAACAATAATCAATTCGCCCC

781 60 Present study

Genomic ribA (3,4-dihydroxy 2-butanone 4-phosphate
synthase and GTP cyclohydrolase II)

F: ACAAGTTGGAACGCTGGTGA
R:
CCCAGTTAAAAGTTGCTGCGT

1397 60 Present study

Genomic ribH (Lumazine synthase) F:
CCTTAGAAATACCAGCCAATCAG
R:
ACAGAAGCAGTGGCATCAACAA

600 60 Present study

Fig. 1. Growth of isolates BBC32A, BBC32B, BBC33 and BIF43 in RAM broth. (A) Changes in cell density (OD) over 24 h were recorded at 595 nm and (B) resultant
generation of growth curves.
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for isolates BBC32A, BBC32B, BBC33 and BIF43, grown in RAM broth,
is shown in Fig. 1. Highest cell density (OD595nm) readings were re-
corded for isolate BBC32A, followed by isolates BIF43, BBC33 and
BBC32B (Fig. 1). All four isolates grew to cell densities higher than
reported for L. fermentumMTCC8711 (Fig. 1), suggesting that they were
better adapted to grow in riboflavin-deficient medium. Cell morphol-
ogies of isolates BBC32A, BBC32B, BBC33 and BIF43 remained un-
changed during sub-culturing and during 24 h of growth in RAM broth.
Variations in cell shape or size could thus not have contributed to
changes in OD readings. Enterococcus faecalis MTCC2729 did not grow
in RAM broth (Fig. 1), which was expected as the strain requires ri-
boflavin. According to these results, isolates BBC32A, BBC32B, BBC33
and BIF43 were either better adapted to grow in RAM broth than L.
fermentum MTCC8711, or produced more riboflavin than L. fermentum
MTCC8711. Similar variations in growth reactions and riboflavin re-
quirements have been reported for strains studied by other researchers
(Juarez del Valle et al., 2014; Silva, Biscola, LeBlanc, & de-Melo Franco,
2016). The strains reached early log phase after 6 h and early stationary
phase after 18 h in RAM broth, even better than the riboflavin producer
L. fermentum MTCC8711, which reached early stationary growth after
30 h under the same conditions (Fig. 1).

3.2. Confirmation of riboflavin production and bioavailbility

Verification of riboflavin-production and bioavailability of vitamin
produced was confirmed by microbiological assay. Cell-free super-
natants of isolates BBC32A, BBC32B, BBC33 and BIF43, and L. fer-
mentum MTCC 8711 stimulated the growth of E. faecalis MTCC2729 on
RAM plates (Fig. 2), whereas cell-free supernatants from one of non-
riboflavin producer isolate (isolate no. 68) and the auxotroph itself
(MTCC 2729) did not stimulate growth (Fig. 2). According to these
findings, isolates BBC32A, BBC32B, BBC33 and BIF43 produced ribo-
flavin in RAM medium. Even though the method has been used in
quantitative analyses of riboflavin production (Salvetti, Celandroni,
Ghelardi, Baggiani, & Senesi, 2003; Silva et al., 2016), we used it for
qualitative confirmation of vitamin B2 production.

3.3. Detection of riboflavin by HPLC

Separation of the CFSs of isolate BBC32A produced peaks corre-
sponding to peaks recorded with pure riboflavin (Fig. 3). Peaks iden-
tical to that recorded for isolate BBC32A were obtained for CFSs of
isolates BBC32B, BBC33 and BIF43 and are not shown. The linear
standard curve with a high R2 value (0.999), obtained when pure ri-
boflavin was separated under the same conditions, supported the

accuracy of the HPLC method. Isolate BBC32B produced the highest
level of riboflavin (319 ± 36 μg/l), followed by isolates BBC33
(304 ± 91 μg/l), BBC32A (276 ± 8 μg/l) and BIF43 (257 ± 91 μg/
l), as listed in Table 2. These differences in riboflavin production were,
however, statistically not significant (p > 0.05). Nevertheless, com-
pared to riboflavin production of 190–260 μg/l reported for other
Lactobacillus strains (Juarez del Valle et al., 2014), isolates BBC32A,
BBC32B, BBC33 and BIF43 are more superior, but similar to, L. fer-
mentum MTCC8711 that produced 259 ± 80 μg/l riboflavin (Table 2).
All four isolates produced maximum levels of riboflavin (257 ± 91 to
319 ± 36 μg/l) during the first 12 h of growth in RAM broth, thus
during exponential growth (Table 2). These findings differ from pre-
vious studies (Juarez del Valle et al., 2014) that reported maximum

Fig. 2. Growth stimulation of Enterococcus faecalis MTCC 2729, a riboflavin
auxotroph, on RAM agar by cell-free supernatants of isolates BBC32A (spot 1),
BBC32B (spot 2), BBC33 (spot 3) and BIF43 (spot 4), Lactobacillus fermentum
MTCC8711 (spot 5), isolate 68 – a non-riboflavin producer (spot 6) and E.
faecalis MTCC 2729 (spot 7).

Fig. 3. HPLC separation of (A) commercially pure riboflavin, (B) culture/cell
extract of isolate BBC32A, (C) unfermented soymilk (D) and fermented soymilk
extract of strain 32B (E). Peaks identical to that shown in (B) were obtained for
culture/cell extracts of isolates BBC32B, BBC33 and BIF43 and are not shown.
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riboflavin production during stationary growth. Juarez del Valle et al.
(2014) and Yépez et al. (2019) reported riboflavin production as high as
2800 μg/l when mutant strains of L. plantarum were grown in RAM
broth supplemented with roseoflavin. Aim of present study was to
testify the natural fermentation process and did not supplement RAM
broth with roseoflavin.

3.4. Detection of genes involved in riboflavin production

Genomic DNA of isolates BBC32A, BBC32B, BBC33 and BIF43, each
amplified with primers ribG, ribB, ribA and ribH (Table 1) produced
DNA fragments corresponding in size to genes ribG, ribB, ribA and ribH
(Fig. 4), suggesting that a riboflavin operon is present in each of the
four isolates. Strains with an incomplete riboflavin operon do not grow
in the absence of riboflavin (Burgess, Smid, Rutten,& van-Sinderen,
2006). It is thus safe to assume that all four of the riboflavin genes were
expressed by isolates BBC32A, BBC32B, BBC33 and BIF43. High DNA
sequence similarities (99–100%) were recorded between ribG, ribB, ribA
and ribH from isolates BBC32A, BBC32B, BBC33 and BIF43, respec-
tively, and the riboflavin genes listed for L. plantarum in GenBank
(Fig. 5). This suggested that the riboflavin genes are most probably
conserved.

3.5. Identification of riboflavin-producing isolates

Amplification of the 16S–23S rRNA intergenic spacer region and the
area flanking the 23S rRNA gene with species-specific primers gener-
ated a 248-bp fragment for each of the isolates (BBC32A, BBC32B,
BBC33 and BIF43). These fragments were identical in size to fragments
amplified for L. plantarum NCDC772 and NCDC771 (Fig. 6A), sug-
gesting that the four isolates are members of L. plantarum. No DNA was
amplified from the genomic DNA of L. rhamnosus BHM11 (Fig. 6A). The
identity of the four isolates was confirmed by sequencing 1300 bp of the
16S rRNAgene (Fig. 6B). The phylogenetic relatedness of strains
BBC32A, BBC32B, BBC33 and BIF43 to Lactobacillus species already

reported in NCBI and shown in Fig. S1.

3.6. Bio-enrichment of riboflavin in soymilk

Interestingly, all of the tested lactobacilli could grow in soymilk and
curdle it. The peptide- and oligo & disaccharide-utilizing genetic as-
semblies have been considered responsible for soymilk fermentation
potential of lactobacilli. The riboflavin content recorded in un-
fermented soymilk was 469 ± 8 μg/l (Table 2). After 12 h of fer-
mentation with L. plantarum BBC32B, BBC33 and BIF43, riboflavin le-
vels increased to 700 ± 31 μg/l, 652 ± 21 μg/l and 638 ± 47 μg/l,
respectively, and were significantly higher (p < 0.05 to p < 0.01)
than in unfermented soymilk or soymilk fermented with L. fermentum
MTCC8711 (Table 2). Of all strains studied, L. plantarum BBC32B pro-
duced the most riboflavin, as shown by 49% enrichment (Table 2).
Russo et al. (2014) reported a 50% increase in riboflavin production
when bread was produced using L. fermentumas starter culture. In an-
other study (Juarez del Valle et al., 2014), a strain of L. plantarum in-
creased riboflavin levels in fermented soymilk to 660 ± 35 μg/l, which
is lower than values obtained in the present study.The riboflavin con-
tent in soymilk fermented with L. plantarum BBC32A increased only
slightly (from 469 ± 8 μg/l to 473 ± 12 μg/l), representing only a
0.74% increase in production (Table 2). The combined extraction pro-
cedure (acid and enzymatic digestion), in accordance with previously
published reports (Rodriguez, Fernández-Ruiz, Cámara, & Sánchez-
Mata, 2012), was used to extract riboflavin. It may be that riboflavin,
which is naturally present in soy milk, may repress gene expression
which could be strain dependent as observed in case of strain BBC32A,
where no in situ enrichment in soymilk was recorded. However, further
research is required to substantiate this hypothesis.

Final riboflavin level (638 ± 47 μg/l) in BIF43fermented soymilk
was lower than recorded for L. plantarum BBC32B (700 ± 31 μg/l) and
BBC33 (652 ± 21 μg/l). In a similar pattern, BIF43 produced com-
paratively least riboflavin (257 ± 91 μg/l) in RAM broth. Kneifel,
Kaufmann, Fleischer, and Ulberth (1992) have shown a decrease in

Table 2
Riboflavin production in RAM and soymilk by Lactobacillus plantarum BBC32A, BBC32B, BBC33 and BIF43, and Lactobacillus fermentum MTCC8711.

Strain Isolation source Riboflavin production (μg/l) in RAM Riboflavin production (μg/l) in soymilk

After 12 h After 18 h Final B2 level in soymilk (after
12 h)

Bio-enrichment level
(%)

BBC32A Dahi from buffalo milk a276 ± 8 b195 ± 0.4 A473 ± 12 1
BBC32B Dahi from buffalo milk a319 ± 36 b180 ± 28 B700 ± 31 49
BBC33 Dahi from buffalo milk a304 ± 91 b186 ± 12 BC652 ± 21 39
BIF43 Feces from 1 year old

infant

a257 ± 91 b161 ± 42 BC638 ± 47 36

L. fermentum MTCC8711 (positive std. for B2
production)

Fermented milk a258 ± 80 b175 ± 36 AB557 ± 46 19

The comparative analysis of riboflavin production (mean ± SD) was analyzed by two-way Anova (Bonferroni's post test) and by one-way Anova (Tukey's post hoc
test) in RAM and soymilk samples, respectively. a, b each value without a common letter differ significantly (P < 0.05).A, B, C each value without a common letter
differ significantly (P < 0.05). BBC, Bharat Buffalo Curd;BIF, Bharat Infant Fecal; MTCC, The Microbial Type Culture Collection and Gene Bank; RAM, Riboflavin
Assay Medium.

Fig. 4. Molecular characterization of riboflavin-production potential of lactobacilli.
Agarose gel electrophoresis of riboflavin genes ribG (A), ribB (B), ribA (C) and ribH (D) amplified by PCR. Lanes in gels: M = molecular marker, 1 = isolate BBC32A,
2 = BBCF32B, 3 = BBC33, 4 = BIF43, DW = distilled water, 5 = L. fermentum MTCC 8711.
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riboflavin production if yogurt is produced with some strains, whilst
other strains led to a 60% increase in riboflavin production. Concluded
from these findings, nutrients have a major effect on riboflavin pro-
duction and warrants further research. The product serving size of
200 ml may partially fulfill the daily RDA of children (~19%) and
healthy adults (~11%), considering the comparatively higher bioa-
vailability of riboflavin produced post bacterial-fermentation
(Hugenholtz & Smid, 2002). This figure is higher than reported by
Chandrasekar et al. (2017).

Although not testified in present work, LAB fermentation of legume-
based foods (like soymilk) using novel starters has also been known to
increase safety (chemical and microbiological) and acceptability (less
no. of anti-nutrients) of final product in comparison to traditionally
fermented foods (Licandro et al., 2019).

3.7. Conclusions

Although the four strains of L. plantarum we have studied are phe-
notypically closely related and their rib genes share a high similarity,
riboflavin production recorded for the strains differed significantly. The
reason for this is not clear. It may be that the rib genes are induced, or
even repressed, in some strains of L. plantarum. The differences in ri-
boflavin production recorded in RAM broth and soymilk suggests that
nutrient composition plays a major role, at least for strains of L. plan-
tarum. The significant increase in riboflavin production (49%) when
soymilk was fermented with L. plantarum BBC32B suggests that the
strain could be used as a starter culture. The 700 μg/l riboflavin, that
obtained in BBC32B fermented soy-curd, is approximately half of the
RDA for adults (1300 μg), but falls within the RDA for children

Fig. 5. Phylogenetic relatedness amongst rib gene sequences of lactobacilli, as constructed using the maximum likelihood (ML) approach on MEGA software. A: ribG,
B:ribB, C:ribA and (D):ribH. Trees are arbitrarily rooted with bars (─) showing sequence divergence. Bootstrap values (based on 500 samplings expressed in per-
centage) are at branch points.

Fig. 6. Agarose gel electrophoresis of DNA amplified from (A) the 16S–23S rRNA intergenic spacer region and area flanking the 23S rRNA gene and (B) 16 S rRNA.
Lanes: 1, BBC32A; 2, BBC32B; 3, BBC33; 4, BIF43; 5, NCDC772; 6, NCDC771; 7, BHM11; M, Marker DNA; TE, Tris-EDTA buffer; DW, Distilled Water.
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(500–900 μg).
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