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Yanyanku and Ikpiru made by the fermentation of Malcavene bean (Hibiscus sabdariffa) are used as func-
tional additives for Parkia biglobosa seed fermentations in Benin. A total of 355 aerobic endospore-
forming bacteria (AEFB) isolated from Yanyanku and Ikpiru produced in northern and southern Benin
were identified using phenotypic and genotypic methods, including GTG5-PCR, M13-PCR, 16S rRNA, gyrA
and gyrB gene sequencing. Generally, the same 5–6 species of the genus Bacillus predominated: Bacillus
subtilis (17–41% of isolates), Bacillus cereus (8–39%), Bacillus amyloliquefaciens (9–22%), Bacillus
licheniformis (3–26%), Bacillus safensis (8–19%) and Bacillus altitudinis (0–19%). Bacillus aryabhattai, Bacillus
flexus, and Bacillus circulans (0–2%), and species of the genera Lysinibacillus (0–14%), Paenibacillus (0–13%),
Brevibacillus (0–4%), and Aneurinibacillus (0–3%) occurred sporadically. The diarrheal toxin encoding genes
cytK-1, cytK-2, hblA, hblC, and hblD were present in 0%, 91% 15%, 34% and 35% of B. cereus isolates, respectively.
9% of them harbored the emetic toxin genetic determinant, cesB. This study is the first to identify the AEFB of
Yanyanku and Ikpiru to species level and perform a safety evaluation based on toxin gene detections.We further
suggest, that the gyrA gene can be used for differentiating the closely related species Bacillus pumilus and
B. safensis.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

African locust bean (Parkia biglobosa) seeds are widely used
for the production of fermented food condiments in West Africa
(Oladunmoye, 2007). These condiments known as Dawadawa
(Niger), Soumbala (Burkina Faso), Netetou (Senegal, Mali), Sonru,
Iru and Afitin (Benin) are used to enhance the flavor of many dishes
including soups and sauces, because of their sensory characteristics
and high nutritional value (Azokpota et al., 2006). The fermentation
of African locust bean is uncontrolled, leading to variations in stability,
nutritional and hygienic quality of the final product. Recent studies on
traditional processing of African locust beans have shown that indige-
nous practices have been developed to enhance control of the fermen-
tation such as the addition of Yanyanku and Ikpiru. Yanyanku and
Ikpiru are two fermented products based on Hibiscus sabdariffa seeds
and are used as functional additives for African locust bean seed
ce, University of Copenhagen,
+45 35333284.
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fermentation in Benin to produce Sonru and Iru, respectively
(Azokpota et al., 2006; Agbobatinkpo et al., 2011).

Processing of H. sabdariffa seeds into Yanyanku and Ikpiru involves
cooking, draining, alkaline fermentation, pounding/crushing, molding
(if necessary) and sun drying (Fig. 1). However, variations are observed
between and within these steps according to the know-how of the pro-
ducers. The pH of the final product is generally above 8 (Agbobatinkpo
et al., 2011). Various aerobic endosporeforming species, especially
Bacillus subtilis group members, have been reported as predominant
micro-organisms in alkaline fermented products from H. sabdariffa
such as Bikalga (Ouoba et al., 2007). The sporeformers are usually
reported to be themain micro-organisms responsible for the fermenta-
tion of high pH foods (Parkouda et al., 2009; Ouoba et al., 2008b). Occa-
sionally, Bacillus cereus which is potentially able to cause two types of
foodborne diseases, occur in high numbers in alkaline fermented
foods giving rise to concern (Parkouda et al., 2010; Thorsen et al.,
2010). B. cereus strains producing, at least, one of the three pore
forming cytotoxins, hemolysin BL (Hbl), nonhemolytic enterotoxin
(Nhe) and cytotoxin K (CytK) have been implicated as etiological agents
of foodborne diarrhoeal disease (Beecher and MacMillan, 1991;
Stenfors et al., 2008). This species is also responsible of emetic food
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Fig. 1. a: Flow sheet of Ikpiru processing. Source: Agbobatinkpo et al. (2011). b: Flow
sheet of Yanyanku processing. Source: Agbobatinkpo et al. (2011).
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poisoning that occurs when the bacterium produces the toxin cereulide
during growth in foods (Ehling-Schulz et al., 2004a). Bacillus spp., other
thanB. cereus are rarely a cause of foodborne intoxications (EFSA, 2008),
and alkaline fermented foods are usually regarded as safe for consump-
tion (Parkouda et al., 2009).

The biodiversity of Bacillus species isolated from Sonru and Iru has
been studied (Azokpota et al., 2007) and it has also been found that
Yanyanku and Ikpiru are dominated by aerobic endosporeforming
bacteria (Agbobatinkpo et al., 2011), but no studies have been carried
out to identify aerobic endosporeforming bacteria isolated from
Yanyanku and Ikpiru used as functional additives during Sonru and
Iru production, respectively. However, these additives may signifi-
cantly affect the quality and microbiological status of the final prod-
uct (Sonru and Iru) and there is thus a need to investigate the
identity and the safety of micro-organisms from these fermented ad-
ditives. Repetitive sequence-based PCR (Rep-PCR) (Parkouda et al.,
2010), randomly amplified polymorphic DNA polymerase chain reac-
tion typing (RAPD-PCR) (Thorsen et al., 2011b), and sequencing of
the 16S rRNA gene combined with sequencing of core genes such as
gyrA and gyrB and phenotypic tests (Chun and Bae, 2000; Nielsen et
al., 2007; Parkouda et al., 2010; Thorsen et al., 2011b; Wang et al.,
2007), are tools used to identify and differentiate between closely re-
lated aerobic endospore forming bacterial species.

The aim of the present study was to identify the aerobic
endosporeforming bacteria isolated from additives Yanyanku and
Ikpiru collected at different production sites in Benin, using pheno-
typic and genotypic methods. Furthermore, the safety of known
pathogenic species has been assessed by PCR techniques.

2. Material and methods

2.1. Sampling

Samples of Yanyanku and Ikpiru from different technologies.
Yanyanku from three technologies (Ty1–Ty3) and Ikpiru from two
technologies (Ti1 and Ti2) according to Agbobatinkpo et al. (2011),
(Fig. 1a, b) were collected in two municipalities of Benin, namely
Parakou (Northern Benin) and Ketou (Southern Benin). Four samples
were taken per technology. A total of 9 other samples of both addi-
tives were purchased from local markets in Ketou and Parakou. A
total of twenty nine samples were used for this study (18 samples
of Yanyanku and 11 samples of Ikpiru).

2.2. Isolation of aerobic endosporeforming bacteria from Yanyanku
and Ikpiru

Ten grams of each sample was weighed aseptically and transferred
into 90 mL sterile peptone-bacteriological salt solution (5 g peptone
(Oxoid, LP 0037, Basingstoke, England), 8.5 g NaCl, 1000 mL distilled
water, pH 7.0 ± 0.2) and homogenized for 1 min using a stomacher
(Stomacher 400 circulator Seward, England). 5 mL of the primary dilu-
tion was heated at 80 °C for 10 min.

30 μL of each dilution (Herigstad et al., 2001; Chadare et al., 2010)
was incubated on Nutrient Agar (NA) (Oxoid CM 0003, Basingstoke,
England) at 37 °C for 48 h. Between 10 and 15 colonies were randomly
picked from the highest dilution and purified by successive streaking on
NA (Oxoid CM 0003, Basingstoke, England) until a complete pure
culture was obtained. A total of 355 isolates were obtained. For long
term storage isolates were stored in Nutrient Broth (Oxoid, CM 0001,
Basingstoke, England) added 20% glycerol as cryoprotectant at−80 °C.

2.3. Identification of aerobic endosporeforming bacteria

2.3.1. Preliminary phenotypic characterization
Cell morphology, motility and presence of endospore were exam-

ined by microscopy (X1000 Zeiss Axiostar Plus, Germany). Gram de-
termination was performed using the KOH method according to
Gregersen (1978). Catalase production was determined by adding a
drop of H2O2 solution (30%) to a colony on a glass slide.

2.3.2. Genotypic characterization

2.3.2.1. DNA extraction, Rep-PCR, M13-PCR fingerprint grouping. DNA
was extracted from each isolate using the InstaGene Matrix (Bio-Rad
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Laboratories, Hercules, CA USA) as described by the manufacturer.
Genotypic grouping of the isolates was performed using Rep-PCR
(GTG5-primer) (Nielsen et al., 2007), followed by M13-PCR that was
done for B. cereus and Bacillus pumilus group species as previously
described (Henderson et al., 1994; Thorsen et al., 2010, 2011b). The
Rep-PCR and M13-PCR profiles obtained were clustered using
Bionumeric version 4.50 (Applied Maths, Sint-Martens-Latem, Belgium)
as described by Nielsen et al. (2007). The dendogramwas based onDice's
coefficient of similarity with the unweighted pair groupmethod with ar-
ithmetic averages clustering algorithm (UPGMA).

2.3.2.2. 16S rRNA, gyrA and gyrB gene amplification and sequencing.
Based on the Rep-PCR clustering of the isolates, representative iso-
lates were chosen for sequencing of the 16S rRNA gene (102 isolates
in total, i.e. at least the square root of number of isolates in one
group). Amplification of the 16S rRNA gene was carried out as previ-
ously described (Satokari et al., 2001). PCR purification and sequencing
were carried out by a commercial facility (Macrogen, South Korea). 16S
rRNA sequences were manually corrected and aligned using Chromas
2.33 (Technelysium) and CLC Genomics (CLC Bio, Aarhus, Denmark)
and compared against validated type strain sequences deposited in
Eztaxon as described by Chun et al. (2007).

Sequence analysis of the gyrA and gyrB genes allows identification
of members of the B. subtilis group to the species level on a genetic
basis (Chun andBae, 2000;Wang et al., 2007). Thus, representative iso-
lates tentatively identified as belonging to the B. subtilis group (based
on 16S rRNA gene sequencing) were selected for sequencing of the
gyrA and gyrB genes as described by Roberts and Cohan (1995) and
Yamamoto and Harayama (1995). In addition, representative isolates
tentatively identified as belonging to the B. pumilus group (based on
16S rRNA gene sequencing) were also chosen for sequencing of the
gyrA gene using themethod described by Ouoba et al. (2008a). PCR pu-
rification and sequencing were carried out by a commercial facility
(Macrogen, South Korea). Sequences were aligned with the GenBank
database using the BLAST algorithm (Altschul et al., 1997).

2.3.2.3. Complementary tests. Different tests were carried out to identify
the isolates to species level. Isolates identified as belonging to the
Bacillus cereus sensu lato group were screened by PCR using previously
describedmethods for the presence of the Bacillus anthracis specific vir-
ulence genes lef, cya (Hoffmaster et al., 2006), pagA and capA (Cheun
et al., 2001), and the S-layer protein encoding gene (Cheun et al.,
Table 1
Microbiota and pH of Yanyanku and Ikpiru collected from different technologies.

Microorganisms Southern Benin

Ikpiru

Ti1 Ti2 M

Aerobic endosporeforming bacteria (log10 CFU/g) 7.9 7.5
pH 9.9 9.9
Number of isolates 58 50 2
Number of isolates with 16S rRNA sequenced 21 10
Number of isolates with gyrB sequenced 2 0
Number of isolates with gyrA sequenced 4 2
Bacillus subtilis (%) 17 28 3
Bacillus amyloliquefaciens (%) 19 22 1
Bacillus licheniformis (%) 7 10
Bacillus cereus (%) 39 8 2
Bacillus safensis (%) 10 12
Bacillus altitudinis (%) 0 10
Bacillus circulans (%) 2 2
Bacillus flexus (%) 2 0
Bacillus aryabhattai (%) 2 0
Lysinibacillus spp. (%) 2 4
Brevibacillus laterosporus (%) 0 4
Paenibacillus dendritiformis (%) 0 0 1
Aneurinibacillus aneurinilyticus (%) 0 0
2001). The isolates were further screened by phase contrast microscopy
for the presence of crystal inclusion bodies typical of Bacillus thuringiensis
(Jensen et al., 2002), rhizoid colonymorphology growth typical of Bacillus
mycoides (di Franco et al., 2002), and growth at 7 °C, non-growth at 42 °C
typical of Bacillus weihenstephanensis (Lechner et al., 1998). To discrimi-
nate between Bacillus amyloliquefaciens, Bacillusmethylotrophicus, Bacillus
atrophaeus and Bacillus siamensis, oxidase test, salt tolerance (0%, 7%, 10%
(w/v) NaCl), and growth at different temperatures (45 °C, 50 °C and
55 °C) were carried out as described by Madhaiyan et al. (2010) and
Sumpavapol et al. (2010). The B. pumilus group members (B. pumilus,
Bacillus safensis, Bacillus altitudinis, Bacillus aerophilus and Bacillus
stratosphericus) were differentiated by salt tolerance (17.4% (w/v) NaCl)
and growth at 8 °C, 40 °C and 45 °C according to Shivaji et al. (2006). Fur-
ther M13-PCR typing and grouping were performed as described above,
including M13-PCR profiles of type strains of B. altitudinis (DSM 21631),
B. pumilus (DSM 27) and B. safensis (DSM 19292), and DSM 354 desig-
nated as B. pumilus for comparison. Lysinibacillus xylanilyticus and
Lysinibacillus macroides were differentiated by salt tolerance (0%, 5%, 6%
and 7% (w/v) NaCl) and growth at 40 °C and 45 °C as described by Lee
et al. (2010) andCoorevits et al. (2012). Growth in various salt concentra-
tionswas tested using tryptone soya agar (TSA) (Oxoid, CM0131, Basing-
stoke, England) and brain heart infusion agar (BHI-agar) (Fluka, 70138,
Sigma Aldrich, India) supplemented with NaCl and incubated at 37 °C.

2.3.2.4. Detection of enterotoxin genes and hemolytic activity. The B. cereus
isolates were screened for hemolytic activity on blood agar. Detection of
the emetic specific gene fragment cesb was according to Ehling-Schulz
et al. (2004b), and for the genes hblA, hblD and hblC encoding the
enterotoxin complex hemolysin BL it was according to Hansen and
Hendriksen (2001) and detection of cytK-1 and cytK-2 encoding cytotox-
in K was according to Guinebretiere et al. (2006). DNA from cereulide
producing B. weihenstephanensis MC67 (Thorsen et al., 2006), B. cereus
NVH 391–98 and B. cereus ATCC 14579 (Fagerlund et al., 2004) were
used as positive controls for cesB, cytK-1 and cytK-2 PCR, respectively.
The DNA from strain ATCC 14579 was also used as positive control for
detection of genes encoding hemolysin BL.

2.4. Nucleotide accession numbers

The sequences determined in the present study have been deposited
in the GenBank database under the accession numbers JQ420803–
JQ420900, JX535563–JX535566, and JX513907–JX513951.
Northern Benin

Yanyanku

arket samples Ty1 Ty2 Ty3 Market samples

7.5 8.3 7.8 8.5 7.4
8.2 8.6 7.4 7.5 7.7
3 55 53 58 58
5 12 14 16 21
1 4 5 1 2
2 3 6 2 4
0 20 21 41 19
3 22 21 9 10
9 18 26 10 3
2 24 13 10 19
9 16 8 12 19
4 0 11 3 19
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 14 5
0 0 0 0 0
3 0 0 0 2
0 0 0 0 3
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3. Results

3.1. pH and aerobic endosporeforming bacteria enumeration

The pH of Ikpiru and Yanyanku samples ranged from 8.2 to 9.9 and
7.4 to 8.6 with an average of 9.3 and 7.8, respectively. The AEFB count
on NA ranged from 7.4 to 8.5 log10 CFU/g (Table 1).

3.2. Identification of aerobic endosporeforming bacteria

A total of 355 isolates were obtained. All isolates were charac-
terized as Gram positive, catalase positive, endosporeforming and
rod-shaped, except for six isolates which were characterized as
Gram negative. The isolates were grouped by Rep-PCR fingerprint-
ing using cluster analysis (Fig. S1). The 355 isolates investigated
were grouped into 13 groups, while single isolates also occurred,
Fig. 2. Dendogram obtained by cluster analysis of Rep-PCR (GTG5) fingerprints from Bacillus
on Dice's coefficient of similarity with the unweighted pair group method with arithmetic
with *, Sequenced (16S rRNA, gyrA/gyrB genes) isolated marked with ** and Sequenced (g
following the cluster analysis of the Rep-PCR fingerprints. Repre-
sentative isolates from the individual clusters were picked for 16S
rRNA gene sequencing, which revealed that 93.8% of the isolates
belonged to the genus Bacillus, 3.9% of the isolates to the genus
Lysinibacillus, 1.1% to Paenibacillus, 0.6% to Brevibacillus and 0.6%
of isolates to Aneurinibacillus.

The isolates belonging to Rep-PCR Groups 1A and B (Fig. S1, Fig. 2)
were motile and were found to belong to the B. subtilis group
(B. subtilis, Bacillus tequilensis) by 16S rRNA gene sequencing (99.8–
100% similarity to EzTaxon deposited sequences). This group was
the largest and comprised 88 isolates. Sequencing of the gyrB and
gyrA genes (15 isolates) identified the isolates as B. subtilis subsp.
subtilis (99–100% similarity to GenBank sequences).

Sequencing of the 16S rRNA gene showed that Rep-PCR Groups 2A
and B (59 isolates) (Fig. S1, Fig. 2) also belonged to the B. subtilis
group (B. amyloliquefaciens, B. methylotrophicus, B. atrophaeus and
subtilis group (representative isolates) isolated from additives. The dendogram is based
averages clustering algorithm (UPGMA). Sequenced (16S rRNA gene) isolated marked
yrB gene only) isolated marked with ***.
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B. siamensis) (99–100% similarity to EzTaxon sequences). The gyrA
and gyrB gene sequences of 11 of the isolates showed 97–100% simi-
larity to B. amyloliquefaciens subsp plantarum, 96–97% to B. siamensis,
and up to 84% to B. atrophaeus gyrA and gyrB gene sequences depos-
ited in GenBank. A single gyrB gene sequence was available for
B. methylotrophicus showing 98–99% identity. Isolates from Groups
2A and B were however able to grow in tryptone soya agar (TSA)
supplemented with 10% (w/v) NaCl. All the selected isolates (15 iso-
lates) showed growth at 50 °C, while only 2 isolates grew at 55 °C. All
the tested isolates were oxidase positive. Eventhough some of the iso-
lates grew at 55 °C typical of B. siamensis, all other observed phenotypic
features and the results for gyrA and gyrB gene sequencing altogether
suggests that the isolates of Groups 2A and B belong to the species
B. amyloliquefaciens (Sumpavapol et al., 2010; Madhaiyan et al., 2010).

The members of Rep-PCR Groups 3A and B (43 isolates) (Fig. S1,
Fig. 2)were found to belong to the B. subtilis group (Bacillus licheniformis)
according to 16S rRNA gene sequencing (98.9–99.2% similarity to
EzTaxon). The sequencing of the gyrA and gyrB genes (7 isolates) identi-
fied this group as B. licheniformis (99–100% similarity to GenBank se-
quences) which was confirmed by the ability of the isolates from this
group to grow under anaerobic conditions (Roberts et al., 1994).

The isolates belonging to Rep-PCR Groups 4A and B (69 isolates,
Fig. S1) were found by 16S rRNA gene sequencing to belong to the
B. cereus group (99.6–100% similarity to EzTaxon sequences). The
macromorphology of the colonies proved that they were not
B. mycoides as no isolates showed on agar plates the asymmetric
hairy shape specific to B. mycoides. All isolates from this group
showed growth at 43 °C in 24 h and none of them were able to
grow at 7 °C for 14 days. The absence of crystalline inclusions character-
istic for B. thuringiensis as observed by phase contrast microscopy, and
the absence of the B. anthracis specific genes cya, pagA, capA, Edema
Factor (EF) and the B. anthracis S-layer and Lethal factor (lef) protein
encoding genes as determined by PCR ruled these species out, and
based on the above mentioned characteristics, it was concluded that
the Groups 4A and B isolates were all B. cereus.

The members of Rep-PCR Groups 5A and B (13 isolates, Fig. S1)
were most closely related to L. xylanilyticus or L. macroides according
Fig. 3. Dendogram obtained by cluster analysis of Rep-PCR (GTG5) fingerprints from group 5
unweighted pair group method with arithmetic averages clustering algorithm (UPGMA).
to their 16S rRNA gene sequence (98–99% similarity to EzTaxon se-
quences). Six out of 13 isolates from this group were able to grow
at 45 °C and in TSA supplemented with 5% (w/v) NaCl. The others
were not able to grow at 45 °C or in TSA supplemented with 5% (w/v)
NaCl. According to Coorevits et al. (2012) and Lee et al. (2010), L.
macroides is not able to grow in the presence of 5% NaCl but grow at
45 °C and L. xylanilyticus is not able to grow at 45 °C but in the presence
of 5% NaCl, respectively. Based on these results, it was concluded that
this groupmay not be L. xylanilyticus or L. macroides but had similarities
with both species and possibly represent a novel Lysinibacillus species.
Fig. 3 shows the Rep-PCR profile for this group.

Sequencing of the 16S rRNA gene showed (99.6–100% similarity to
EzTaxon sequences) that Groups 6A and B (Fig. S1, 25 isolates) belong
to the B. pumilus group (B. pumilus, B. aerophilus, B. altitudinis or
B. stratosphericus). Isolates (14 tested) from this group were not
able to grow in TSA supplemented with 17.4% (w/v) NaCl typical of
B. stratosphericus. However, all the tested isolates showed growth at
45 °C within 1–2 days typical of B. altitudinis (B. aerophilus and
B. stratosphericus only grow at temperatures below 40 °C). Compari-
sons of the phylogenetic marker gyrA (3 isolates) with gyrA of the
B. altitudinis type strain sequenced in this study and the gyrA gene
of B. aerophilus (from a recently published whole genome shot gun
contiqs, NZ_AJWW01000037), did not allow differentiation between
the species (99–100% identity between the sequences). However, on
the basis of phenotypic characteristics (Shivaji et al., 2006) and,
M13 profile clustering with type strains (Fig. 4) the isolates were
identified as B. altitudinis.

The members of Rep-PCR Group 7 (Fig. S1, 45 isolates) were found
to be either B. pumilus or B. safensis based on their 16S rRNA gene se-
quence (99–100% similarity to EzTaxon sequences). Sequencing of
the gyrA gene (5 isolates) strongly indicated (97–98% similarity, to
GenBank sequences) that this group should be identified as B. safensis.
The M13 profile clustering showed that isolates from Rep-PCR Group
7 were more closely related to B. pumilus DSM 354 than to the type
strains B. pumilus DSM 27 and B. safensis DSM 19292 (Fig. 4). The
gyrA gene sequences of the Rep-PCR Group 7 isolates showed be-
tween 96.7–99.8%, 97.8–98.0% and 90.2–90.4% identity with gyrA of
isolates (see text). The dendogram is based on Dice's coefficient of similarity with the



Fig. 4. Dendogram obtained by cluster analysis of M13-PCR (PM13) fingerprints from isolates representing isolates of Group 6 and Group 7 (see text). The dendogram is based on
Dice's coefficient of similarity with the unweighted pair group method with arithmetic averages clustering algorithm (UPGMA).
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DSM 354, B. safensis DSM 19292 and B. pumilus DSM 27, respectively.
B. pumilus DSM 354 showed 98% and 90.44% (gyrA gene) similarity with
the type strain DSM 19292 (B. safensis) and DSM 27 (B. pumilus), respec-
tively. These results strongly suggest that DSM 354 may be a B. safensis
strain rather than a B. pumilus strain. All isolates of Rep-PCR Group 7
showed growth in TSA supplemented with 10% (w/v) NaCl and at
50 °C. Based on the observed features, it was concluded that the Rep-
PCR Group 7 isolates were B. safensis.

Isolates occurring singularly or up to 3 isolates in a groupwere iden-
tified as Bacillus flexus, Bacillus circulans, Paenibacillus dendritiformis,
Brevibacillus laterosporus, Bacillus arayabatthai, Lysinibacillus spp. and
Aneurinibacillus aneurinilyticus, respectively, based on 16S rRNA se-
quencing (100%, 100%, 100%, 99%, 100%, 99.6% and 99.8% similarity to
the respective sequences in EzTaxon).

3.3. Hemolytic activity and toxin gene profiles of B. cereus

Isolates identified as B. cereus (65 tested) showed hemolytic activ-
ity. The genes hblA, hblC and hblD encoding the enterotoxin protein
complex, hemolysin BL were detected by PCR in 10, 22 and 23 isolates
of the 65 isolates identified as B. cereus, respectively. All 65 isolates
lacked the gene encoding the cytotoxin K-1 (cytK-1) while 59 of 65
isolates harbored the gene cytK-2. The emetic specific fragment EM1
was also detected in 6 isolates. None of the 65 B. cereus isolates har-
bored all the toxin genes investigated.

4. Discussion

In the present study, the aerobic endosporeforming bacteria
(AEFB) associated with Yanyanku and Ikpiru fermentation were
identified using a combination of geno- and phenotypic methods.
The AEFB species identified were similar in both additives and were
composed mostly of Bacillus spp., with 54% of the isolates being
members of the B. subtilis group (B. subtilis, B. licheniformis and
B. amyloliquefaciens). Bacillus spp. are usually reported to be the
main micro-organisms responsible for the fermentation of high pH
foods (Parkouda et al., 2009; Ouoba et al., 2008b). Several studies
have reported the occurrence of Bacillus subtilis sensu lato species,
with Bacillus subtilis sensu stricto often being dominant in similar alka-
line fermented products such as Bikalga (Ouoba et al., 2007), Mbuja
(Mohamadou et al., 2007) and Soumbala (Ouoba et al., 2004). B. subtilis
was furthermore identified as themain Bacillus species in Sonru and Iru
(Azokpota et al., 2007), condiments in which Yanyanku and Ikpiru are
used as functional additives, respectively. This corresponds well with
the results of the present study, where B. subtilis also was among the
predominant species (25% of total number of isolates). Also B. cereus
(19% of isolates) was in the present study identified as an important
part of the microflora of Yanyanku and Ikpiru, confirming earlier stud-
ies, where B. cereus have been isolated from other alkaline fermented
African foods based on fermented seed of H. sabdariffa such as Iru,
Sonru, Afitin (Azokpota et al., 2007) and Mbuja (Mohamadou et al.,
2007).

Furthermore, Bacillus species such as B. safensis (13%), B. altitudinis
(7%), B. aryabhattai (b1%), B. circulans (b1%), and B. flexus (b1%) were
isolated from Yanyanku and Ikpiru.

The genetic markers gyrA and gyrB have both been successfully
used for differentiating the closely related B. subtilis group species
(Chun and Bae, 2000; Wang et al., 2007). Similarly Satomi et al.
(2006) reported that B. safensis share a mere 91.2% gyrB sequence
similarity with B. pumilus suggesting that this marker is more useful
for differentiation than the 16S rRNA gene. In the present study, the
B. safensis type strain DSM 19292 shared 90.2% gyrA sequence similar-
ity with the B. pumilus type strain DSM 27, which is similar to the re-
sults obtained by Satomi et al. (2006) for the gyrB gene. One strain
deposited as B. pumilus (DSM 354) in the DSMZ culture collection
was identified in 1952 (Smith et al., 1952) before the description of
the species B. safensis. This strain showed 90.4% and 98% gyrA se-
quence similarity with B. pumilus DSM 27 and B. safensis DSM
19292, respectively, indicating that DSM 354 may be a B. safensis
strain rather than a B. pumilus strain. Further, in the present study,
we sequenced the gyrA gene of the B. altitudinis type strain. The se-
quence was 90%, 93% and 98% identical to those of the B. pumilus,
and B. safensis type strains and B. aerophilus KACC 16563 (not a type
strain), respectively (results not shown), and 99–100% identical to
the strains identified as B. altitudinis by M13-PCR and phenotypic
tests. The gyrA gene has not previously been used as marker for differ-
entiating B. pumilus from B. safenis but based on the results obtained
we suggest gyrA to be a useful marker for discriminating the above
mentioned species; B. pumilus and B. safensis from each other, and
B. pumilus, B. safensis from B. altitudinis/B. aerophilus.

Other genera (6.1% of isolates) were found in the additives:
B. laterosporus (b1%), A. aneurinilyticus (b1%), P. dendritiformis (1%)
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and Lysinibacillus (3.9%). B. laterosporus, A. aneurinilyticus and
P. dendritiformis are aerobic endosporeforming bacteria but all of them
were found to be Gram negative. This observation has previously
been reported by Laubach (1916) (B. laterosporus), Raj et al. (2007)
(A. aneurinilyticus) and Tcherpakov et al. (1999) (P. dendritiformis).
The isolates of the genus Lysinibacillus were not clearly identified at
species level in the present study. Differences in nucleotide numbers
between sequences of isolates of Rep-PCR Groups 5A and B and the
original GenBank sequences of L. xylanilyticus on one hand and
L. macroides on the other handwere 7 and 11 to 14 base pairs, respec-
tively. None of the phenotypic tests done on these isolates were able
to confirm that they were either L. macroides or L. xylanilyticus. Thus,
further studies will address the identification of these isolates possi-
bly representing a novel species.

Several of the species identified in this study were also reported
by Mohamadou et al. (2007), who identified in a comparable prod-
uct (Mbuja, fermented product from H. sabdariffa) in Cameroon
B. licheniformis, B. cereus, B. pumilus, B. circulans, B. laterosporus,
and B. brevis. The different profiles of micro-organisms observed
could be explained by variation of hygienic quality of the final
product as reported by Sanni (1993) and Ouoba et al. (2007) for
most traditional fermented foods.

B. cereus strains have been reported to produce non-hemolytic
enterotoxin, hemolysin BL and cytoxin K causing diarrhea, and the
heat stable emetic toxin cereulide causing vomiting (Stenfors et al.,
2008). In the present study, the presence of genes encoding entero-
toxins and cesB encoding a component of the cereulide synthetase
complex varied according to the product (none of B. cereus strains
from Ikpiru harbored the gene encoding the emetic specific gene frag-
ment EM1) and to the isolate. None of the examined B. cereus strains
harbored the cytK-1 encoding gene, while cytK-2 was present in 91%
of B. cereus isolates from both additives. The result for cytK is consis-
tent with previous reports showing that the cytK-1 gene is only present
in a limited number of strains, one of which has a reduced genome size
compared to other B. cereus strains (Lapidus et al., 2008). The toxin
cytK-1 is highly toxic in the human intestine and represents a more se-
vere hazard for consumers than cytK-2 (Guinebretiere et al., 2006). The
genes encoding hemolysin BL hblA, hblC, and hblDwere present in 15%,
34% and 35% of B. cereus isolates from Yanyanku and Ikpiru, respective-
ly; the percentages being much lower than for European B. cereus
strains (59%, 72% and 64%) using the same primers (Hansen and
Hendriksen, 2001). Only B. cereus strains (9%) from Yanyanku harbored
the gene encoding the emetic specific gene fragment EM1 encoding
CesB. In previous studies, the presence of enterotoxin encoding genes
and cesB has been detected in B. cereus strains isolated from several
African alkaline fermented condiments such as Afitin, Iru and Sonru
(Thorsen et al., 2010), and Soumbala and Bikalga (Ouoba et al.,
2008b). Sonru and Iru processing involve the use of the functional addi-
tives Yanyanku and Ikpiru (Azokpota et al., 2006; Agbobatinkpo et al.,
2011). Even though the additives are a source of contamination with
B. cereus, the raw material African locust beans, has also been found to
be contaminated with potentially toxin producing B. cereus, as entero-
toxin and emetic toxin producing B. cereuswere found in Afitin, a prod-
uct produced without the use of functional additives (Thorsen et al.,
2010, 2011a). There are no reports on foodborne illness due to the con-
sumption of Afitin, Iru and Sonru (Azokpota et al., 2007; Thorsen et al.,
2011a).

In conclusion, the present work identified the mixed-culture
species involved in spontaneous H. sabdariffa seed fermentation
with B. subtilis being the main species. Pathogenic spore forming
bacteria were identified, emphasizing the need to identify and pro-
duce starter cultures for Yanyanku and Ikpiru fermentations able to
prevent the growth of pathogenic bacteria and consistently pro-
duce fermented condiments of high quality.

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.ijfoodmicro.2013.02.008.
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