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Introduction

Soy-daddawa is a fermented soybean (Glycine max (L.) Merr.) food
condiment commonly used in the preparation of traditional dishes in
Nigeria (1-3). As a condiment, it basically serves to improve the flavor
of traditional diets (4) but can also contribute essential nutrients (5).
The fermentation of soybean seeds for soy-daddawa production
involves a number of biochemical changes, which are predisposing
factors for bacterial population dynamics. Hence, investigation of the
bacterial population dynamics of soy-daddawa is of interest to
understand the bacterial consortia interactions involved in the
fermentation of the product, and ultimately, for starter culture(s)
screening, selection, and application.

To this end, a number of studies have investigated the microbial
ecology of soy-daddawa (6) and the microbial dynamics during soy-
daddawa fermentation (1,7). A few studies have also explored the
use of starter cultures in the production of soy-daddawa condiment
(8). However, these previous studies on the bacterial community
dynamics and identification of starter cultures have been based on
classical phenotypic methods, which could be misleading when relied
upon independently (9,10). It suffices that a reliable identification and
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Abstract Bacterial community dynamics during soy-daddawa fermentation was investigated using
culture-dependent and PCR-denaturing gradient gel electrophoresis (PCR-DGGE) molecular methods.
The total titratable acidity (TTA), pH, and bacterial counts (BCs) were monitored daily during a 72-h
fermentation period. Bacteria were characterized based on 16S rRNA gene sequencing. TTA ranged
from 0.08 to 0.26 mg lactic acid/g, whereas pH ranged from 7.01 to 8.19. BCs increased from 3.9 to
10.61 log CFU/g. Fifty-eight isolates were obtained by culture method and clustered into seven
operational taxonomic units (OTUs) at 97% sequence similarity, whereas four OTUs were obtained
from the PCR-DGGE method. Taxonomic identification revealed that bacteria belonged to the genera
Bacillus, Enterobacter, Enterococcus, and Staphylococcus with B. subtilis being present throughout
fermentation. Medically significant isolates, including B. anthracis, Enterococcus casseliflavus, and
Enterobacter hormaechei were detected. These results emphasize the need for starter culture utilization
and offer a platform for starter culture screening and selection.

Keywords: Soy-daddawa, fermented condiment, bacteria, 16S rRNA, PCR-DGGE

selection criteria for potential starter cultures be of utmost importance.
Hence, a polyphasic approach, involving both phenotypic and
genotypic methods for identification of potential starter cultures is
essential. However, there is a paucity of genotypic-based studies
involving the use of molecular tools to characterize bacterial
communities during soy-daddawa fermentation.

Furthermore, molecular assessments of microbial communities
are performed using a culture-dependent and culture-independent
approach. The culture-independent approach, when used alongside
the culture-dependent approach, helps to detect the presence of
microbial species, which are largely uncultivable on currently available
media formulations (11-13). The culture-independent technique
PCR-denaturing gradient gel electrophoresis (PCR-DGGE) is a relatively
fast fingerprinting technique to profile microbial communities. PCR-
DGGE has been successfully applied in estimating the bacterial structure
of several fermented foods, including dairy products (11), soybean
pastes (14), sausages (15), and beverages (16). However, there is a
paucity of molecular based studies on the bacterial dynamics during
soy-daddawa fermentation. This study aimed at applying both culture-
dependent and PCR-DGGE techniques in assessing the bacterial
dynamics during the spontaneous fermentation of soy-daddawa.
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Soaking of soybean seeds in tap water overnight

l

De-hulling of seeds

l

Boiling of seeds in excess water until cotyledons are soft

l

Transfer into calabash lined with Musa sapientum (banana) leaves,
and cover with more leaves

l

Ferment at ambient temperature for up to 3 days

Fig. 1. Flow chart for soy-daddawa production. De-hulling of seeds was
done manually by gently crushing of seeds between the palms. The
duration of the boiling step was approximately 2 h. The prevailing
ambient temperature during the 72 h fermentation period averaged
29+1°C.

Materials and Methods

Production of soy-daddawa Soybean (Glycine max (L.) Merr.) seeds
used in this study were obtained from the Institute of Agricultural
Research and Training (IART), Ibadan, Nigeria. Production of soy-
daddawa was done by following the method described by Popoola
and Akueshi (2) (Fig. 1) in three independent (replicates) small-scale
bioreactors at prevalent ambient temperature. Sampling of the
fermentation substrate was done aseptically at 24 h intervals over a
72 h period.

Isolation of bacteria during soy-daddawa fermentation Ten-fold
serial dilutions of crushed soy-daddawa samples in maximum recovery
diluent (0.85% NaCl, 1% peptone) were prepared and spread-plated
on tryptone soy agar (TSA) (BioLab, Budapest, Hungary). Following
incubation of plates at 35°C for 24-48 h, bacterial counts (BCs) were
enumerated and expressed as colony forming units (CFUs). Distinct
colonies morphotypes were picked, streaked, and successively sub-
cultured on TSA to obtain pure cultures.

Determination of pH and titratable acidity For pH determination,
samples were homogenized 1:10 in distilled water (7). pH was then
determined using a precalibrated pH meter (Basic 20; Crison
Instruments, Barcelona, Spain). Total titratable acidity (TTA) was
determined by titrating a one-tenth dilution of the sample in distilled
water against 0.1 N NaOH and using phenolphthalein solution (1%,
w/v) as the indicator (17). One milliliter of 0.1 N NaOH was taken to
be equivalent to 9.008 x 10° g lactic acid. TTA was expressed as
milligram lactic acid per gram of sample.

DNA Extraction Two milliliters of an overnight growth of pure
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isolates in Luria and Bertani broth was centrifuged at 8,117 x g for 2
min (MiniSpin; Eppendorf Ag, Hamburg, Germany) to harvest cells.
The NucleoSpin Tissue kit (Macherey-Nagel, Diren, Germany) was
used to extract DNA from cell pellets after cell wall lysis in lysozyme
(10 mg/mL) by following the manufacturer’s protocol. For culture-
independent analysis, the method described by Kim et al. (14) was
followed to dislodge bacterial cells from samples. In brief, 5 g of soy-
daddawa sample was suspended in 15 mL cold phosphate buffered
saline (pH 7.3) (Dulbecco A, Oxoid, England). Sample suspension was
further homogenized by vortexing at a maximum (Vortex Genie
G560E; Scientific Industries Inc., New York, NY, USA) and filtered
through sterile muslin cloth. The filtrate was centrifuged at 18,625 xg
for 5 min at 4°C (M-240R; BOECO, Hamburg, Germany) to pelletize
cells. Total community DNA was then extracted using the ZR Soil
microbe DNA kit (Zymo Research, Irvine, CA, USA) according to the
manufacturer’s instruction. Following extraction, DNA integrity and
quality were ascertained on 1% (w/v) agarose gel, whereas concentration
and purity were determined using a Nano Drop spectrophotometer
(ND-1000; Nano Drop Technologies, Wilmington, DE, USA).

PCR amplification of bacterial isolates The partial 16S rRNA gene
was amplified using the universal bacterial primers 27F (5'-AGAGTTT
GATCCTGGCTCAG-3') and 1492R (5'-TACGGYTACCTTGTTACGACTT-3').
All PCR were performed in a thermal cycler C1000™ (Bio-Rad Laboratories,
Hercules, CA, USA). Each PCR reaction (25 pL volume) contained
0.2 uM of each forward and reverse primers, 12.5 uL of 2x Dream
Tag PCR master mix (Thermo Fisher Scientific, Waltham, MA, USA),
DNA template (50 ng), and nuclease-free water. The amplification
protocol was an initial 94°C for 3 min, 40 cycles of 94°C for 1 min,
54°C for 30's, and 72°C for 1 min, followed by a final extension step at
72°C for 5 min.

PCR-DGGE For the culture-independent PCR-DGGE method, a
nested-PCR approach was adopted to attempt the detection of less
dominant species populations, especially at the onset of fermentation
(14). In the first PCR step, component and protocol were as described
earlier for isolates. First PCR’s amplicons were purified by a silicon
dioxide matrix method (18) and used as template DNA in a
subsequent second (nested) PCR targeting the V3-V5 region of the
bacterial 16S rRNA gene using primer pairs 341F (5'-CCTACGGG
AGGCAGCAG-3') and 907R (5'-CCGTCAATTCCTTTGAGTTT-3') (19). A
40 bp GC-rich clamp was attached to the 5'-end of the forward
primer (19). The concentration of PCR components was the same as
in the first PCR, except that 100 ng templates were now used. The
PCR reactions were done in duplicates for each sample and involved
an initial denaturation at 94°C for 5 min, 35 cycles of 94°C for 1 min,
58°C for 1 min, and 72°C for 3 min with a final extension step of 72°C
for 5 min. All PCR amplicons were verified on 1.5% (w/v) agarose gel.

For DGGE, 30 pL of pooled amplicons from each sample PCR
duplicates were directly loaded onto a 1mm thick 8% (w/v)
polyacrylamide gel of a denaturing gradient of 25-55% urea and



formamide (100% denaturant is 7 M urea and 40% (v/v) formamide)
in 1x TAE (40 mM Tris, 20 mM acetic acid, and 1 mM EDTA) running
buffer. Equal mixtures of all PCR amplicons of community samples
were loaded on separate lanes as a reference (for a later densitometric
analysis of DGGE image). DGGE was run on the Dcode™ Universal
Mutation Detection system (Bio-Rad Laboratories) at 60°C, initially at
200 V for 15 min and afterwards at 100 V for 16 h.

Gel was stained in a 1.5 mg/pL ethidium bromide solution (in 1x
TAE buffer) for 15 min, rinsed in sterile TE buffer, and photographed
using the ChemiDoc™ MP imaging system (Bio-Rad Laboratories).
DGGE was performed twice to ascertain bands migrated to similar
positions in the gel. Major bands were excised with sterile blades and
incubated overnight at 4°C in nuclease-free water to elute DNA. DNA
eluates (10 ng) served as the template for a “re-amplification PCR”
involving same PCR components and cycling conditions stated earlier,
except that no 40 bp GC-rich clamp was attached to the forward
primer (341F).

Densitometric analysis of DGGE image The DGGE gel image was
analyzed using Gene Tools software (v. 4.03.1.0) (Syngene, Cambridge,
UK). Peaks (or bands) were first detected by the software and
manually corrected for “true peaks” using a set of standard functions
in the software. A similarity matrix of banding patterns was generated
using relative band intensity and subjected to a hierarchical cluster
analysis using the unweighted pair-group method using arithmetic
averages (UPGMA) and expressed as a dendrogram using the R
statistical software (20).

Sequencing PCR amplicons were purified using a silicon oxide
method (18) and prepared for sequencing using the Big Dye
terminator v3.1 cycle sequencing kit (Applied Biosystems, Warrington,
UK). For sequencing PCR, forward primers 27F and 530F (5'-GTG
CCAGCMGCCGCGG-3') were used for isolate amplicons, whereas
primer 341F was used for excised DGGE bands. Following sequencing
PCR, amplicons were purified using ZR DNA Sequencing clean-up kit
(Zymo Research) and analyzed on a 3130 Genetic Analyser (Applied
Biosystems/Hitachi, Tokyo, Japan). Sequence chromatograms were
inspected and edited using FinchTV (v. 1.4.0, http://www.geospiza.
com/Products/finchtv.shtml). The sequences of isolates obtained
using primers 27F and 530F were assembled to form a contiguous
sequence of >1200 bp using ChromaPro (v. 1.7.4, Technelysium Pty
Ltd., South Brisbane, Australia).

Sequence-based taxonomic assignment and phylogenetic
reconstruction For taxonomic assignments, sequences were first
clustered into operational taxonomic units (OTUs) at 97% sequence
similarity cut-off using Mothur software (21). OTU representative
sequences were selected based on the minimum distance to the
other sequences in the OTU cluster using the “get.oturep” algorithm
in Mothur and aligned against type strains with validly published
prokaryotic names through the EzTaxon server (http://www.ezbiocloud.

Bacterial dynamics during soy-daddawa fermentation 1083

net/eztaxon). For phylogenetic analyses, public sequences in the
Genbank with close homology to sequences obtained in this study
were selected and aligned (multiple sequence alignment) using
Clustalx (v. 2.1) (22). The multiple sequence alignments were
manually edited and corrected for gaps in DAMBE software (v. 5.0)
(23). A neighbor-joining tree was then constructed in Mega (v. 6.0)
(24) using the Tamura-Nei substitution model and a thousand
bootstrap replications.

Nucleotide sequences obtained in this study have been deposited
in the GenBank under the Accession numbers KT021481-KT021540
and KT122380-KT122386.

Results and Discussion

Bacterial counts, pH and TTA during soy-daddawa fermentation
We monitored the bacterial count, pH, and total titratable acidity
during soy-daddawa fermentation in a bid to determine that the
fermentation was typical of soy-daddawa fermentation. The bacterial
count increased during fermentation (Fig. 2A) as reported in previous
studies (1,7). The greatest change in bacterial count occurred within
the first 24 h of fermentation. During fermentation, bacteria utilize
nutrients in the bean for growth by breaking down complex compounds
in the fermenting matrix into simpler subunits through a number of
biochemical pathways resulting in significant chemical changes (4).
Overall, the pH and TTA of the fermenting soy-daddawa increased
with fermentation time (Fig. 2B). The pH increased towards alkalinity
from an initial value of 7.06 to a peak value of 8.19 (at 48 h). The
increase in pH (towards alkalinity) during soy-daddawa fermentation
is typical of fermented legume condiments (7,8,25). The release of
ammonia gas during the proteolysis of protein in the fermented
legumes is responsible for alkalinity (4,25). TTA increased from an
initial value of 0.08-0.26 mg lactic acid/g of sample (Fig. 2B). Increase
in the total titratable acidity (TTA), the amount of acids available for
reaction with a base (acid-base reaction), is attributable to the
organic acid formation from the enzymatic hydrolysis of carbohydrate
component of the soybean seeds (4,26). The observed simultaneous
increase in pH and TTA during soy-daddawa fermentation has been
previously reported (1,7) and is attributable to the concomitant
production of ammonia gas and organic acids during fermentation.

Bacterial isolate dynamics during soy-daddawa fermentation
Seven OTUs were identified from 29 unique sequences obtained
from cultured isolates (n=58 isolates) (Table 1). Majority (85.71%) of
isolates belonged to the phylum Firmicutes, whereas the remaining
(14.29%) belonged to the phylum Proteobacteria. Majority of isolates
were of the genus Bacillus (Table 1). This observation indicates that
Bacillus species are the dominant bacteria in soy-daddawa
fermentation. Previous phenotypic-based studies have also reported
the dominance of Bacillus (1,2,7), facilitating the use of species of the
genus Bacillus in a number of controlled fermentation studies

August 2016 | Vol. 25 | No. 4
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Fig. 2. Bacterial counts and chemical changes during soy-daddawa
fermentation (A) Bacterial count. Values are means of counts from
triplicate bioreactors. (B) pH and Titratable acidity changes during soy-
daddawa fermentation. pH values are means of triplicate measurements,
whereas TTA values are means of sextuplicate determinations.

(8,27,28). Bacillus species are known to secrete specific amylases,
proteases, and lipases, which act on the fermenting bean substrate
during soy-daddawa fermentation (4). Only B. subtilis was present at
all sampling time points during fermentation (Table 1). The presence

of B. subtilis in legume type fermentations is well documented
(6,25,27) as well as the co-dominance of Bacillus and Staphylococcus
species in soy-daddawa. However, relatively little is known of the
safety and the role of other members of the genus such as B. safensis
detected in the present study. The detection of organisms such as B.
anthracis, enteric Enterobacter, and Enterococcus species as well as
the skin commensal Staphylococcus species are pointers to the potential
microbiological risks associated with spontaneously fermented foods
(29-31). The rudimentary utensils and fermentation materials used
in soy-daddawa processing are possible sources of these food
contaminants (6,30).

PCR-DGGE bacterial community dynamics In the PCR-DGGE method,
four OTUs were obtained from PCR-DGGE after analyzing a total of
28 band sequences (Fig. 3A). We observed multiple band positions
(positions 1, 3, and 5) for OTU 3 (Fig. 3A and Table 1). According to
Duarte et al. (32), heterogeneity in 16S rRNA genes among and
within species could give rise to multiple banding patterns for the
same species in DGGE.

The taxonomic identifications of the OTUs and bacteria dynamics
are presented in Table 1. With the exception of Enterobacter
hormaechei, all other bacteria species were present at all sampling
times. The hierarchical cluster dendrogram of DGGE profiles in Fig.
3B revealed that the bacterial community diversity and population
numbers changed with fermentation time, thereby corroborating
bacterial counts obtained in the culture-dependent approach (Fig.
2A). The DGGE bacterial community at 48 h and 72 h were similar
(Fig. 3B). This observation suggests that the bacterial population in
the fermenting soy-daddawa had reached a climax community.

The presence of B. tequilensis and B. subtilis in either of the

Table 1. 16S rRNA gene-based identification of bacteria during soy-daddawa fermentation

OTU no. Homologue Representative o e Fermentation time (h)
. . % Similarity
(OTU rep. accession number) (Abundance/Band number position) 0 24 48 72
Culture-dependent
1 (KT021532) *Bacillus subtilis (29) 99.9 + +
2 (KT021528) “Bacillus safensis (3) 99.4 + -
3 (KT021505) PBacillus anthracis (1) 99.9 - + - -
4 (KT021522) Enterobacter hormaechei (15) 99.2 + + -
5 (KT021519) Enterococcus casseliflavus (3) 99.8 - -
6 (KT021535) Staphylococcus sciuri (3) 99.8 - - -
7 (KT021502) ¥Staphylococcus xylosus (4) 99.8 + + - -
Culture-independent
1 (KT122380) *Bacillus tequilensis (2) 99.5 + + +
2 (KT122386) Bacillus methylotrophicus (4) 99.6 + + +
3 (KT122384) "Bacillus siamensis (1, 5, 3) 100.0 + + +
4 (KT122382) Enterobacter hormaechei (6) 98.4 - - + +

+, presence; -, absence; *, » ¥ ¥Taxonomic groups. A taxonomic group includes species/subspecies that are not distinguishable by 165 rRNA sequence;
*Member of the Bacillus subtilis taxonomic group comprising B. subtilis subsp. subtilis, B. subtilis subsp. spizizenii, B. subtilis subsp. inaquosorum, B.
mojavensis, Brevibacterium halotolerans, and Bacillus tequilensis; PMember of the Bacillus cereus taxonomic group comprising Bacillus anthracis, B.
cereus, B. thuringiensis, and B. toyonensis; “Member of the Bacillus pumilus taxonomic group comprising B. pumilus and B. safensis; "Member of the
Bacillus amyloliquefaciens taxonomic group comprising B. amyloliquefaciens subsp. amyloliquefaciens, B. amyloliquefaciens subsp. Plantarum, and B.
siamensis; "Member of the Staphylococcus saprophyticus taxonomic group comprising S. saprophyticus subsp. saprophyticus, S. saprophyticus subsp.

bovis, and S. xylosus.

Food Sci. Biotechnol.
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Height

Fig. 3. PCR-DGGE profile and hierarchical cluster dendrogram of bacterial community during soy-daddawa fermentation. (A) Lanes designated as 0,
24, 48, and 72 h are fermentation-sampling times. R, reference lanes used in generating a similarity matrix for dendrogram construction.
Numbered bands are major band positions excised and sequenced. (B) Hierarchical cluster dendrogram was constructed from the relative
intensities band matrix of lanes in R software using unweighted pair-group method with arithmetic mean (UPGMA).

culture-dependent or culture-independent methods are likely similar
observations (species), given that these species both belong to the
same taxonomic group based on 16S rRNA gene homology (33).
While the presence of E. hormaechei is of significant medical
importance, the role (in soy-daddawa fermentation) and safety of B.
methylotrophicus and B. siamensis are relatively unknown. These
observations highlight the necessity of developing starter culture
technologies for a controlled processing of soy-daddawa and other
fermented foods (29-31,34).

The combination of both culture-dependent and culture-independent
(PCR-DGGE) methods revealed bacterial genera such as Bacillus and
Staphylococcus, which have been previously reported by culture-
based phenotypic studies (1,2). However, we also report the presence
of B. methylotrophicus, B. safensis, and B. siamensis in soy-daddawa
microbial ecology for the first time. Further screening of the isolates
will help elucidate roles and safety in soy-daddawa fermentations.
The phylogenetic reconstruction of bacterial isolates and sequences
obtained in this study confirmed taxonomic assignments (data not
shown). B. subtilis and B. tequilensis obtained by culture-dependent
and culture-independent analysis, respectively, belonged to the
same clade (data not shown) thus suggesting close evolutionary
relatedness.

In conclusion, our findings further suggest that in the event of
applying starter cultures for soy-daddawa fermentation, should a
mixed culture of “safe” Bacillus species (as an example) be selected
for use, all the cultures can be included from the onset of fermentation
rather than sequentially. The spontaneous fermentation of soy-
daddawa involves a consortium of bacterial species. While we can
speculate the specific contribution of some of the “safe microbiota”
present in the fermented condiment, the risk posed by known
human pathogens such as B. anthracis is certain. Our findings lend

credence to the advocacy for a departure from the common
spontaneous fermentation practices in the traditional processing of
fermented foods in developing countries. This study further points
toward screening and selection studies for potential and suitable
starter cultures with the ultimate goal of optimizing a controlled soy-
daddawa production process.
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