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Abstract The presence of the anaerobic spore former 

Clostridium in Arthrospira platensis destined for human 

consumption is generally not assessed during quality 

assurance procedures. As this nutraceutical is administered 

as complementary medicine to the immunocompromised, 

this study aimed to investigate the presence of these 

potential pathogens. Anaerobic counts performed on tablets 

from a single manufacturer indicated an excess of 10
5 

CFU/ 

endospores g
−1 

tablet for three different A. platensis 

batches. Tests for coliforms for use as “indicators” of 

pathogens in the tablets were negative. Using classic culture 

techniques, five species of Clostridium were isolated. 

Subsequent use of PCR-denaturing gradient gel electropho- 

resis (DGGE) fingerprinting of tablets showed a divergent 

microbial population, with a predominance of anaerobic 

endospore formers, including Clostridium. Sequencing of a 

1.5 kb 16S rDNA clone library and phylogenetic analyses 

of prominent operational taxonomic units confirmed the 

presence of an additional five Clostridium spp. and other 

genera in the tablets. A composite molecular ladder, using 

16S rRNA DGGE amplicons of 17 representative bacterial 

species was constructed to assist in identifying anaerobes 

present in tablets sourced from three different A. platensis 

manufacturers. Results indicated that commercial A. pla- 

tensis preparations were contaminated with potentially 

hazardous clostridia and other  anaerobic species.    Results 

 

suggest that certain commercial A. platensis preparations 

require stringent microbial quality assurance measures to 

ensure safe use as a nutraceutical for the immunocompro- 

mised and the general public. 
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Introduction 

 
In recent years, there has been an increase in the availability 

and consumption of botanical products in the “health food” 

market; including food ingredients, whole foods and dietary 

supplements (Schilter et al. 2003; Walker 2004). Arthrospira 

platensis (Spirulina), a multicellular filamentous cyanobac- 

terium that grows in freshwater, brackish lakes and alkaline 

saline water (Costa et al. 2003) has been commercialised 

since the 1970s (Belay 1997). Today, more than 70% of the 

overall production is destined for human consumption, 

mainly as a nutraceutical (Vonshak 1997; Matsudo et al. 

2009). Arthrospira platensis is predominantly cultured in 

open raceway ponds wherein aerated fresh or sea water is 

vigorously circulated (Belay 1997; Kim et al. 2007). Although 

photosynthetic, A. platensis can grow mixotrophically during 

the light phase combining autotrophic photosynthesis with 

heterotrophic assimilation of organic carbon. A. platensis also 

grows optimally at a temperature and pH range of 35–38°C 

and pH 9.5–9.8, respectively (Goksan and Zekeriyaoglu 

2006). Generally, A. platensis culture methods avoid 

anaerobiosis. Additional nutrients to increase biomass are 

often added (Andrade and Costa 2007). At harvesting, A. 

platensis biomass is removed from ponds using screens, 

washed with water and spray dried to produce a powder  or 
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tablets using cold compressed technology (Jiminez et al. 

2007) with additives such as silica (1%), chicory inulin 

(0.4%) and magnesium stearate (0.1%) (Costa et al. 2003; 

Goksan and Zekeriyaoglu  2006). 

Commercial A. platensis preparations are marketed in the 

mass media with claims that the preparations have high 

contents of amino acids, proteins, polyunsaturated fats, 

vitamins, carotenoids and minerals (Belay et al. 1993; Cohen 

1997; Andrade and Costa 2007). Arthrospira platensis 

sequesters heavy metals, and this is used to market 

preparations as a source of essential micronutrients (Rang- 

sayator et al. 2002; Vanella and Verma 2006; Lodi et al. 

2008). Health benefits are said to accrue from the consump- 

tion of A. platensis. These include reduction in the risk of 

cardiovascular disease as well as cancer (Keijer et al. 2005; 

Roy et al. 2007; Torres-Duran et al. 2007; Chamorro- 

Cevallos et al. 2008), enhancement of the immune system 

(Hirahashi et al. 2002; Grzanna et al. 2006) and reduction of 

high blood pressure in rats (Belay et al. 1993). It is also 

claimed that body mass in obese individuals is reduced 

(Ayehunie et al. 1998). Consumption of A. platensis by 

humans prevents skeletal muscle damage induced by 

oxidative stress during exercise (Lu et al. 2006). Extracellu- 

lar polysaccharides from A. platensis demonstrated antiviral 

activity against human cytomegalovirus, herpes simplex 

virus type 1, human herpes virus type 6 and human 

immunodeficiency virus (Hayashi et al. 1996; Ayehunie et 

al. 1998; Teas et al. 2004; Rechter et al. 2006; Majdoub et al. 

2009). However, suggestions that A. platensis improves 

idiopathic chronic fatigue in humans have been disproved 

(Baicus and Baicus 2007). 

  Adverse side effects associated with the consumption of 

A. platensis have been reported and include symptoms such 

as headache, muscle pain, flushing of the face, sweating, 

difficulty concentrating as well as adverse skin reactions 

(Iwasa et al. 2002). Daily ingestion of 3 g A. platensis 

caused rhabdomylitis (Mazokopakis et al. 2008). Biological 

toxins which induce rhabdomylitis are produced by 

Clostridium botulinum and C. tetani (Guis et al. 2005). 

Although direct production of the cyanotoxins, microcystin 

and anatoxin A, by Arthrospira has not been proven, both 

have been associated with A. platensis in alkaline crater 

lakes in Kenya and A. platensis supplements (Hudnell 

2008; Rellán et al. 2009). Hepatotoxin production by A. 

platensis has also been suggested by Iwasa et al.  (2002). 

Over the last 10 years, A. platensis preparations have 

been administered as complementary and alternative medicine 

(CAM), for immunocompromised individuals such as those 

with aids HIV/AIDS (Teas et al. 2004; Simpore et al. 2005; 

Liu et al., 2009; Yamani et al. 2009). It is therefore 

imperative that A. platensis preparations are not hazardous. 

However, mandatory quality assurance procedures are 

minimal in the preparation of many “health foods”. Research 

reported here was initiated by illness experienced by an 

individual taking a commercial A. platensis tablet 

preparation as a nutraceutical. Symptoms, suggestive of 

gastrointestinal tetanus, included vomiting, blurred vision, 

stiff neck and poor lower limb co-ordination. The patient 

responded to antibiotic therapy as well as complete 

withdrawal from the A.  platensis  supplementation.  Using 

a combination of both classical microbiological and 

polymerase chain reaction-denaturing gradient gel electro- 

phoresis (PCR-DGGE) methods, this study reports on the 

screening of A. platensis tablets for the presence of 

Clostridium spp. Altogether, three different tablet batches, 

representative of a single commercial manufacturer (A), 

were analysed. In all of the batches screened, endospore- 

forming clostridia were either isolated or   detected. 

 

 
Materials and methods 

 
Endospore content of A. platensis tablets A total of 180 

tablets was screened for endospore content, with 60 tablets 

screened from three sealed phials (each containing 90 

tablets), representing three different batches. These batches 

(1, 2 and 3), well within respective expiry dates, were 

obtained from different retailers and were prepared by a 

single manufacturer (assigned as product A). After 

aseptic removal of  tablets,  containers  were  resealed  

and stored in an anaerobic environment (Bactron 1.5 

Anaerobic Chamber, Sheldon Manufacturing, Oregon, 

USA); gas mix 5% H2, 10% CO2, 85% N2. To assay for 

endospore content, 60 tablets from each batch were 

rehydrated in pairs (ca. 1.5 g) in 20 × 10 mL sterile 2% 

peptone water for 2 h at 22°C. To enhance endospore 

activation and germination, 5 mL of the peptone/tablet 

mix was removed and heat-shocked at 80°C for 15 min, 

while the remaining 5 mL were not heated. All sealed 

mixtures  were  immediately  transferred  to  the   Bactron 

Anaerobic gas chamber and conditioned for 2 h, followed 

by serial dilutions to 10
−6 

in 9 mL 2% sterile peptone water 

(prepared by prior conditioning for 3 days in the anaerobic 

chamber). Under anoxic conditions, diluted samples (1 

mL) were placed into sterile Petri dishes, and mixed into 

moulten brain heart infusion (BHI) agar (Oxoid, England). 

Each dilution was cultured in triplicate 

and incubated anaerobically at 37°C for 24–48 h. Colonies 

representative of both untreated and heat-shocked prepara- 

tions were counted under anoxic conditions. 

 
Purification and screening of pure isolates Pure cultures 

sourced from the endospore count cultures from batches 

one and two were isolated and maintained on BHI agar 

plates and slants using the anaerobic conditions described 

above.  Isolates  were  stained  for  Gram  reaction  and the 
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presence of endospores. Catalase and haemolysin produc- 

tion were also assessed using standard methods (Harley and 

Prescott 1993). 

 
Screening A. platensis tablets for faecal coliform contam- 

ination For batches one, two and three, ten single tablets 

were placed into 10× 10 mL Brilliant Green Bile Broth 

(BGBB, Merck, Germany) in test tubes containing Durham 

tubes. These were incubated in a water bath at 37°C for    

24 h and then examined for growth and gas  formation. 

 

 
PCR-DGGE analysis of A. platensis tablets 

 
Preparation of A. platensis tablets for DGGE analysis 

Twenty tablets per batch (batches two and three, respectively) 

were prepared for DGGE analyses for the detection of 

contaminating microbial species. Ten single A. platensis 

tablets were heat-shocked in 10-mL BHI broth for 0, 5, 15 

and 30 min to enhance endospore activation and outgrowth. 

After heating, samples underwent a recovery period of 16-

h incubation at 37°C in the anaerobic chamber. Simulta- 

neously, to enrich for Clostridium, a non-heat-shocked 

culture was prepared by incubating the remaining 10 tablets 

individually in 10-mL sterile cooked meat medium (CMM; 

Oxoid) for 16 h under anaerobic conditions as described. 

 
Genomic DNA extraction A glass bead genomic DNA 

(gDNA) extraction procedure was employed for all pure 

isolates, as well as from the heat-shocked and CMM- 

enriched A. platensis cultures (adapted from Ausubel et al. 

1995   and   Yeates   et   al.   1998).  To   remove excessive 

A. platensis extracellular polysaccharides and biomass, the 

gDNA extraction procedure from heat-shocked and CMM- 

enriched A. platensis cultures was adapted by including a 

centrifugation step (750 g, 2 min) prior to final cell 

harvesting and gDNA extraction. Agarose gel electro- 

phoreses were executed (0.8% agarose in 1×TAE buffer)  

to confirm the presence and quality of  gDNA. 

 
PCR amplification of the 232 bp amplicon internal to the 

16S rRNA gene for  DGGE  analysis  The  V3  region (232 

bp) internal to the 16S rRNA gene was amplified directly 

from the gDNA extracts prepared from the heat- shocked 

(BHI) and CMM-enriched A. platensis cultures. Primers 

(0.2 μmol L
−1

)  I-341F-GC (5′ CGC  CCG    CCG 

CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG 

GCC  TAC  GGG  IGG CIG  CA  3′)  and  I-533R (5′  TIA 

CCG III CTI CTG GCA C 3′) (Watanabe et  al.  2001) 

were used in PCR reactions with ca. 1 μg gDNA and 

Takara Ex Taq (Takara Inc., Japan) according to the 

manufacturer’s recommendations, while 2% dimethyl 

sulfoxide   (DMSO,   Sigma-Aldrich,  USA)   was also 

 
included in all PCR reactions to minimise any template     

or primer self-annealing artifacts. The PCR reaction 

conditions were as follow: (1) 94°C for 4 min; 2) 94°C    

for  45  s,  50°C  for  1  min,  72°C  for  1  min  (35 cycles); 

3) 72°C for 10 min as  a  final  extension.  A  negative  

PCR control was included containing  all  the  compo-  

nents other than the gDNA template. Prior to DGGE 

analysis, PCR amplicons were verified with 2% agarose  

gel  electrophoresis. 

 

 
Cloning and sequencing of prominent DGGE  OTUs 

 
PCR amplification and clone library construction of the 

16S rRNA gene fragments Almost complete 16S  rRNA  

(1.5 kb) gene fragments were amplified with universal 

primers 27F (AGAGTTTGATC(C/A)TGGCTCAG) and 

1492R  (TACGG(C/T)TACCTTGTTACGACTT) (Martin- 

Laurent et al. 2001) using gDNA from the pure isolates,   

as well as heat-shocked and CMM-enriched A. platensis 

gDNA extracts. The PCR amplification conditions included: 

1) 94°C for 4 min; 2) 94°C for 45 s, 48°C for 1 min, 72°C for 

2 min (35 cycles); 3) 72°C for 10 min as a final extension. The 

1.5 kb amplicons were subcloned in pGEM-T Easy (Promega, 

USA) and transformed into competent Escherichia coli 

DH5α (F
− φ80dlacZΔM15 Δ(lacZYA-argF) U169 recA1 

end A1 hsdR17(rK , mK ) phoA supE44 λ thi-1 gyrA96 

relA1) following the manufacturer’s guidelines. Individual 

colonies (30–40/plate) containing insert DNA were picked 

from  Luria  Bertani  (LB)  plates  supplemented    with 

100  μg  mL
−1  

ampicillin  and  subjected  to  plasmid DNA 

extraction (High Pure Plasmid Isolation Kit, Roche Diag- 

nostics). Clone insert sizes were confirmed by Not I 

restriction enzyme digestion and 0.8% agarose gel electro- 

phoresis. A final PCR was carried out on individual 1.5 kb 

16S rRNA clones to re-amplify the internal 232 bp DGGE 

fragments followed by DGGE analysis to match with A 

platensis tablet PCR-DGGE profiles, using the PCR ampli- 

fication conditions described  above. Plasmid DNA of   the 

1.5 kb 16S rRNA clones that matched with DGGE 

operational taxonomic units (OTUs) was sequenced in both 

directions using universal M13 forward/reverse primers. A 

minimum of three 1.5 kb 16S rRNA clones (E. coli trans- 

formants) from every matched OTU were sequenced, to 

eliminate any potential electrophoresis ambiguities of the 

OTUs. The DGGE clones were labelled to indicate batch 

number and A. platensis treatment, for example B3 HS 15.35 

refers to DGGE clone number 35 from batch three heat- 

shocked in BHI for 15 min, and B2 CMM 1.1.4.1 refers to 

DGGE clone number 1.1.4.1 from batch 2 enriched in CMM. 

Selected 232 bp fragments with confirmed 1.5 kb sequence 

identity were pooled to create a “ladder” for DGGE to assist 

in the identification of bacteria present in A. platensis  tablets. 
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The DGGE of the V3 region (232 bp) from 16S rRNA  

genes For all DGGE analyses a 9% poly-acrylamide gel 

(acrylamide/bis-acrylamide ratio of 37:5:1) (Sigma Aldrich) 

with a 40–60% urea-formamide denaturing gradient (1×TAE) 

was executed using the Ingeny PhorU system (Netherlands). 

A vertical column gradient mixer (Ingeny PhorU) and a 

peristaltic pump (Watson Marlow 205S, England) at a flow 

rate of 5 mL min
−1 

was used to pour poly-acrylamide  gels. 

The stacking gel was prepared in the following order with 

2.25-mL acrylamide, 200 μL of 50×TAE, milliQ water to a 

final volume of 10 mL, 90 μL of 20% ammonium 

persulphate solution (Sigma Aldrich), and finally 9 μL 

TEMED (Sigma Aldrich) to polymerise the constituents. The 

232 bp amplified DNA fragments (15 μL), were loaded with 

Xylene Cyanol FF loading buffer (Sigma Aldrich). The 

DGGE runs were executed at 60°C for 16 h at 100 V. All 

gels were stained with 1×SYBR Gold solution (Molecular 

Probes, Invitrogen, USA) for 45 min and images captured 

with the GelDoc system (UVITEC, UK). 

 
Analysis of DGGE banding patterns The PCR-DGGE 

images were converted to  8-bit  images  and  analysed  

with AlphaEase
R 

FC Stand Alone software (version 4.0, 

Alpha Innotech). The lane and band detection functions of 

the software were used to generate an Excel table showing 

the intensity value or area (ni) of each band as well as the 

total intensity value (N) of each sample lane. The Shannon 

diversity index (H′) (Shannon and Weaver 1963) was 

calculated to compare changes in the diversity of the 

bacterial community structure within a sample. H' was 

calculated by using the function H′= −Σ Pi log Pi, where 

Pi= ni/N, where ni is the intensity of band i in the lane and 

N is the total intensity of all bands in the    lane. 

 
Distance tree analysis The 1.5 kb 16S rRNA gene 

sequences of the pure isolates and DGGE clones (from 

heat-shocked and CMM-enriched A. platensis cultures) 

were used in homology searches using the GenBank Basic 

Local Alignment Search Tool algorithm at the National 

Center for Biotechnology Information (Altschul et al. 1997; 

http://www.ncbi.nlm.nih.gov/blast/ (10 August 2009)) and 

two databases were constructed. The first contained 

sequences of Gram positive bacterial species belonging to 

the Firmicutes clade, as well as sequences of Gram 

negative Fusobacterium spp. Initial alignments of databases 

were done in Clustal X (Thompson et al. 1997), with 

subsequent manual adjustments to alignments done using 

Se-Al (Rambaut 2004). Sequence analysis was done in 

PAUP* v4.0b10 (Swofford 2000), using the neighbour- 

joining option, with confidence levels in nodes determined 

using a bootstrap analysis of a 1,000 replicates. The 

Fusobacterium spp. were set as the outgroup for the 

Firmicutes database. 

Evaluation of a DGGE molecular ladder 

 
To ascertain whether the DGGE ladder could be used to 

putatively identify contaminating anaerobic bacteria in 

commercial Spirulina preparations, additional A. platensis 

tablets were sourced from three different manufacturers 

(products B, C, D), in addition to a fourth batch from the 

original manufacturer (product A). Twelve pure cultures 

were isolated from all four samples as described previously, 

followed by gDNA isolation from at least two pure cultures 

from each batch, V3 region PCR amplification of the 16S 

rRNA gene and subsequent DGGE analysis as detailed 

above. 

 

 
Results 

 
Endospore counts, purification and screening 

of pure isolates 

 
The use of serial dilution and standard anaerobic plate 

counts  using  BHI  agar  for  both  heated  and  non-heated 

A. platensis samples, indicated that quantitively there was 

no significant difference in CFU g
−1 

derived from either 

heat-shocked or non-heated samples for each batch tested i. 

e. counts for heated vs. non-heated samples were of the 

same log10 order. As the heat treatment would have 

inactivated most surviving vegetative cells in the tablets, 

counts shown predominantly represent those of heat- 

resistant endospores. The CFU g
−1 

varied among batches 

with maximum counts recorded for batches two and three 

with ~10
7  

endospores g
−1  

tablets (Fig. 1). 

Based on colony morphology, Gram reaction, spore 

position and cell shape, seven pure colonies were selected 

from batches one and two, from both heat-shocked and 

non-heated  tablets  cultivated  on  BHI  agar  plates.     All 

 
 

Fig. 1 Mean spore counts for Arthrospira platensis batches one to 

three per gram sample material. The actual mean spore count values 

from multiple experiments are indicated at the top of bar  graphs 

http://www.ncbi.nlm.nih.gov/blast/
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isolates were gram positive rods, produced endospores and 

were catalase negative. Four isolates, LM sp6, LM FH2, 

LM C2 and LM Ctet showed β-haemolysis on blood agar. 

The latter results indicated the presence of potentially 

pathogenic Clostridium. The pure isolates were labelled 

LM1, LM2, LM3, LMC2, LM sp6, LM FH2 and LM  Ctet. 

Some Gram positive cocci survived the heat treatment and 

were subsequently isolated and identified (LM ISS, Fig. 3 

group f). 

 
Screening of tablets for coliforms 

 
Despite the presence of anaerobic contaminants in the 

tablets, none of the tablets tested from the three batches 

showed any indication of presumptive coliforms or 

Escherichia coli. 

 
PCR-DGGE analysis of A. platensis tablets 

 
Initially, DGGE analyses were done on total gDNA 

extracted directly from A. platensis tablets rehydrated in 

2% peptone water for two hours. In these treatments, there 

was no heat-shocking, enrichment or recovery period of 

tablet extracts. However, despite numerous attempts, OTU 

artifacts, i.e. smearing, low resolution, repetitive banding 

patterns and low reproducibility, were experienced (results 

not shown). 

Subsequently, the PCR-DGGE analyses of A. platensis 

tablets after a 16-h enrichment period for spore formers 

confirmed the presence of several anaerobic contaminants. 

As an example, a series of typical PCR-DGGE results from 

batch three is shown (Fig. 2a). The DGGE profiles for the 

heat-shocked (0, 5, 15 and 30 min) A. platensis tablets from 

batch three (Fig. 2a(i)) revealed the presence of 14–24 

OTUs, with Shannon diversity indices varying between 

1.194182 and 1.444842. When A. platensis tablets were 

enriched for Clostridium in CMM broth, the number of 

OTUs observed was reduced. For example, in batch three, 

only eight to ten potential anaerobic bacterial species, 

common to all three tablets analysed, were observed, with 

Shannon diversity indices ranging from 1.063548 to 

1.186703 (Fig. 2a(ii)). PCR-DGGE analysis revealed that 

the anaerobic bacterial population profiles of heat-shocked 

and CMM-enriched tablets, within a given batch, are not 

similar. Unique OTUs were observed within the two 

treatments, for example OTU 8 (Fig. 2a) was only detected 

in tablets heat-shocked in BHI. However, some OTUs were 

present in both treatments, for example, OTU 11 (Fig. 2a(i and 

ii); also see boxed OTUs, Fig. 2a). Furthermore, DGGE 

analysis did not indicate a marked change in species 

diversity over the 0  to  30  min  exposure  to  80°C 

(Fig. 2a(i)). It is thus likely that the observed profile 

differences (between heat-shocked and CMM   enrichment) 

 
are due to the differences in media composition used for 

culturing and not to the heating regime applied. 

By comparing the composite “ladder” of OTUs derived 

from batch two only (Fig. 2a “ladder”) with batch three 

DGGE profiles (Fig. 2a(i and ii)) it is evident that both 

common and unique OTUs were present between different 

batches. Common OTUs, for example, between batch two 

and three included OTU 11 and 13. In addition, there were 

OTUs unique to batch two (OTU 9, Fig. 2a). Whilst it was 

evident that the method of preparation of tablets prior to 

gDNA extraction influenced results, it is also likely that 

incomplete screening of the 16S rRNA gene libraries from 

both batches can account for this anomaly. 

Consequently, an aim was to identify the “unique” batch 

three OTUs for inclusion in a DGGE ladder thus providing 

increased representation of the anaerobic bacterial contam- 

ination of A. platensis tablets. A total of 17 232 bp 

amplicons generated from identified 1.5 kb clones sourced 

from pure isolates (batches one and two), as well as from 

the 16S rDNA libraries prepared from batches two and 

three, were used to construct a DGGE ladder. To locate the 

position of each OTU in the ladder prior to pooling, all 17 

OTUs were run individually on a DGGE gel alongside the 

pooled 232 bp fragments (Fig. 2b). Most of the OTUs were 

electrophoretically separated as a single DGGE band apart 

from OTU 14. Co-migration of certain OTU’s was 

observed (Fig. 2b, OTUs 13 and  17). 

 
Phylogeny and putative identification of A. platensis 

contaminants 

 
Sequencing and  phylogenetic  analysis  of  the  1.5  kb 16S 

rRNA clones to which the corresponding  232  bp PCR 

fragments were matched in the A. platensis PCR- DGGE 

profiles (Fig. 3), as well as those from the seven pure 

cultures, was executed to identify the bacteria. This 

resulted in the identification of 26 bacterial species present 

in A. platensis tablets, with a predominance of obligately 

anaerobic clostridia (Fig. 3). 

The PCR-DGGE analyses showed the presence of another 

five OTUs putatively identified as Clostridium. Three 

OTUs, B3 HS 15.35, B2 CMM 1.1.4.1 and B3   BHI 

15.4 occurred in Clostridium Cluster I (Collins et al. 1994, 

Fig. 3, group a). One of these, B3 HS 15.35, is closely 

related to the pure isolate LM Ctet (Clostridium cochlea- 

rum), cultured from heat-shocked batches one and two. The 

DGGE clone B3 HS 15.2 confirmed the presence of the 

three pure Clostridium bifermentans isolates (LM1-3) 

isolated from batches one and two (Fig. 3, group c). In 

addition, PCR-DGGE showed contamination by other 

potentially pathogenic genera such as Fusobacterium, 

Vagococcus, Enterococcus and Caldanaerocella colom- 

biensis (Fig. 3 groups j, f and d). The pathogenic status   of 
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Fig. 2 a PCR-DGGE profiles of heat-shocked and CMM enrichment 

Arthrospira platensis tablets differentiated into two distinct bacterial 

populations present within the A. platensis tablets. i Batch three heat- 

shocked samples; ii batch three CMM-enriched samples. The three 

lanes for CMM-enriched samples represent triplicate treatments of 

three A. platensis tablets while the four lanes for the heat-shocked 

samples represents 0, 5, 15 and 30 min heat exposure times. Shannon 

indices are indicated at the bottom of each lane. b DGGE analysis   of 

A. platensis tablets (batch two and three) showing matched OTUs 

(232 bp fragments) from individual 1.5 kb 16S rRNA library clones. 

Left and right lanes represent the completed DGGE ladder with: OTU 

1 (LM ISS; Enterococcus), OTU 2 (B2 HS 10.8; Enterococcus), OTU 

3 (B2 HS 10.9; Vagococcus), OTU 4 (B2 HS 10.12:  Fusobacterium), 

OTU   5  (B2  HS   10.24;   A.   platensis),   OTU   6  (B3  HS  15.39; 

Caldanaerocella colombiensis), OTU 7 (B3 HS 15.16; Uncultured 

bacterium), OTU 8 (B2 HS 10.14; Halolactibacillus), OTU 9 (B2 

CMM 1.1.1.9; Bacillus), OTU 10 (B2 CMM 1.1.2.10; Clostridium 

sp.), OTU 11 (B2 CMM 1.1.4.1; C. tetani/cochlearum), OTU 12 (B3 

HS 15.5; Uncultured bacterium), OTU 13 (B2 CMM 1.1.1.5; Bacillus 

thermoamylovorans), OTU 14 (B3 HS 15.46; unknown), OTU 15 

(LM C2; sulphur-reducing Clostridium), OTU 16 (LM 1; C. 

bifermentans), OTU 17 (LM sp6; sulphur-reducing Clostridium) 

 

 

 

the “uncultured” endospore-forming anaerobes (Fig. 3, 

group e) is unknown. One isolate, B3 15.46 could not be 

identified to genus level. Bacillus was  also  identified  

(Fig. 3, group i). As expected, one isolate, B2 HS 10.24/ 

OTU 5, but not included in the phylogenetic analysis,  was 

A. platensis. 

Evaluation of the DGGE ladder for identification 

of anaerobic spore formers in commercial A.  platensis 

(Products A, B, C and  D) 

 
In a preliminary trial to assist in the identification of 

anaerobic bacterial species     present in A. platensis tablets 
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ƒFig.  3   Distance  tree  analysis  of  selected  pure  isolates  and  
PCR- DGGE OTU clones.  Initial  alignments  of  databases  were 
done in 

ClustalX, with subsequent manual adjustments to alignments done 

using Se-Al. Sequence analysis was done in PAUP* v4.0b10, using 

the neighbour-joining option, with confidence levels in nodes 

determined using a bootstrap analysis of a 1,000 replicates. a 

Clostridium cluster I (Collins et al. 1994); b sulphur-reducing 

clostridia; c Clostridium cluster XI, (Collins et al. 1994); d 

Caldanerocella colombiensis; e uncultured anaerobes; f Vagococcus/ 

Enterococcus cluster; g, i Bacillus clusters; h Halolactibacillus 

cluster; and j uncultured Fusobacterium cluster 
 

 

sourced from other manufacturers, the DGGE  ladder  

(Fig. 2b) was tested on an additional three commercial A. 

platensis brands (B, C and D), as well as a fourth batch of 

product A. For this experiment, individual anaerobic 

bacterial species were isolated from the batches to be 

screened by using the culture methods described. Using 

cloned 16S rDNA from these isolates, 232 bp fragments 

were generated for DGGE analysis. The screening was 

partially successful (Fig. 4), suggesting that the additional 

brands of A. platensis were also contaminated by anae- 

robes. Aligned with OTU 15 in the ladder (LM C2;  

sulphur reducing Clostridium), were preparations from 

products A (OTUs 6.1, 6.3), C (OTU 9.2) and D (OTU 7.1 

and 7.2). For product B, OTU 8.3, was similar to the 

DGGE OTU 12, putatively identified as an “uncultured 

anaerobe”. In addition, Products B and D were also 

contaminated with OTU 3, identified  as  Vagococcus  

(Fig. 3). As observed when comparing OTUs from batches 

two and three (Fig. 2) some of the commercial brands,  

such as products B (OTU 8.4), C (OTU 9.1), and  the 

fourth batch of product A (OTUs 6.2 and 6.4), presented 

OTUs not yet sequenced or putatively   identified. 

 

 
Discussion 

 
Classic microbial analyses of three commercial A. platensis 

batches indicated the presence of bacterial endospores in 

excess of log105 endospores g
−1 

tablet (Fig. 1), and 

subsequently resulted in the isolation of five Clostridium 

species, confirmed by 16S rRNA gene sequencing. Tests 

conducted on these isolates suggested that some were 

potentially pathogenic. Four isolates showed β-haemolysis 

which is indicative of virulence (Mitsui et al. 1982; 

Blumenthal and Habig 1984; Oguma et al. 1986, Allen et 

al. 2003; Bruggeman and Gottschalk 2004; Hang’ombe et 

al. 2006). Two of these, LM Ctet and LM FH2, were 

phylogenetically grouped within the toxin-producing Clos- 

tridium Cluster I suggested by Collins et al. 1994 (Fig. 3 a). 

The other two β-haemolytic species, LM C2 and LM   sp6, 

were grouped within the Group II proposed by Collins et al. 

(1994), which includes the sulphur-reducing species. The 

remaining three pure cultures (LM 1–3) were similar to 
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Fig. 4 Results from DGGE 

analysis of the 232 bp fragments 

from purified anaerobic cultures 

isolated from various commercial 

A. platensis brands (samples A–

D) with the compiled DGGE 

ladder for rapid putative 

identification of bacterial 

contaminants. Ladder 

composition: OTU 1 (LM ISS; 

Enterococcus), OTU 2 (B2 HS 

10.8; Enterococcus), OTU 3 (B2 

HS 10.9; Vagococcus), OTU 4 

(B2 HS 10.12: Fusobacterium), 

OTU 5 (B2 HS 10.24; A. 

platensis), OTU 6 (B3 HS 15.39; 

Caldanaerocella colombiensis), 

OTU 7 (B3 HS 15.16; 

Uncultured bacterium), 

OTU 8 (B2 HS 10.14; 

Halolactibacillus), OTU 9 (B2 

CMM 1.1.1.9; Bacillus), OTU 10 

(B2 CMM 1.1.2.10; Clostridium 

sp.), OTU 11 (B2 CMM 1.1.4.1; 

C. tetani/cochlearum), OTU 

12 (B3 HS 15.5; Uncultured 

bacterium), OTU 13 (B2 

CMM 1.1.1.5; Bacillus 

thermoamylovorans), OTU 14 

(B3 HS 15.46; unknown), OTU 

15 (LM C2; sulphur-reducing 

Clostridium), OTU 16 (LM 1; 

C. bifermentans), OTU 17 (LM 

sp6; sulphur-reducing 

Clostridium) 

 

 

 

 

both C. bifermentans and Clostridium sordelii (Cluster XI, 

Collins et al. 1994, Fig. 3c). Although not generally 

regarded as pathogenic, C. bifermentans can show histotoxicity 

in humans (Barloy et al. 1998; Allen et al. 2003). C. sordelii is 

regarded as a clinically important species (Vaneechoutte et al. 

1996). 

The classical studies were augmented by PCR-DGGE 

analyses to detect anaerobic spore formers in the tablets. 

PCR-DGGE analyses confirmed the presence of putative 

Clostridium species within A. platensis tablets. This was 

only possible after implementing a period of recovery, 

following the heat shock. The PCR-DGGE analyses done 

directly on tablets were unsuccessful. This was probably 

due to the presence of excessive A. platensis biomass or 

extracellular polysaccharides that affected the gDNA 

extraction and/or downstream PCR steps. It was also likely 

that contaminating clostridial gDNA in the tablets could 

have been entrapped in endospores which were not 

disrupted when gDNA was extracted directly from untreat- 

ed A. platensis tablets. In addition, metal cation analysis of 

the tablets indicated elevated levels of aluminium (636   μg 

Al g
−1 

A. platensis tablet) (SKO Ntwampe, personal 

communication), which also could act as potential inhibitor 

of the PCR (Wadowsky et al. 1994). The removal of excess 

A. platensis biomass and extracellular polysaccharides 

together with a short recovery period after heat treatment  

or enrichment for clostridia ensured satisfactory OTU 

resolution during PCR-DGGE. 

In an ongoing study, the use of a DGGE ladder composed 

of 17 different OTUs isolated from three different batches 

of product A tablets indicated that this procedure could be 

used to partially rapidly identify unknown bacterial 

contaminants in A. platensis tablets sourced from three 

different manufacturers, as well as a fourth batch of 

Product A (Fig.  4). 

Overall, this study showed the presence of potentially 

pathogenic Clostridium species in A. platensis tablets, 

prepared for human consumption. Regulatory quality 

assurance procedures for “health foods”, including nutra- 

ceuticals, depending on the country of origin, can be 

minimal. Aerobic plate counts on A. platensis preparations 

in France, Sweden, Japan and California have been reported 
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(Vonshak 1997; Costa et al. 2003). Quality control tests for 

total coliform, E. coli, Salmonella, Staphylococcus aureus 

and yeast and mould content of tablets were referred to by 

these authors. Microbiological standards for botanicals for 

the United States and Canada are available and some 

manufacturers use FDA-specified microbiological limits 

(Gershwin and Belay 2007). Results obtained in this study 

showed that negative faecal coliform tests on the tablets do 

not imply that the tablets are free of potentially hazardous 

anaerobic bacteria. With regard to screening for Clostridium, 

Jiminez et al. (2007) reported on testing for A. platensis  

for Clostridium perfringens using sulfite polymixine 

sulfadiazine (SPS) agar as required by the International 

Union of Pure and Applied Chemistry (IUPAC). In the 

study reported on here, C. perfringens was tested for in 

Product A using SPS agar. In all cases, positive cultures 

were identified using molecular methods, as C. bifermen- 

tans (Fig. 3). It was recently suggested that the aseptic 

culture of microalgal biomass in industrial quantities is 

“impossible” and that classic culture techniques underes- 

timate numbers of microbial contaminants. In addition, the 

presence of recalcitrant endospores in the processed 

biomass was highlighted as a concern (Görs et al. 2010). 

Results presented here suggest the same for A. platensis 

bulk culture. 

The source of the contaminants in the commercial 

preparations screened in this study is unknown. The origin 

of these bacterial species within the tablets could be from a 

number of sources. Firstly, the A. platensis used to produce 

the tablets could be grown in relatively static open ponds 

without aeration. It is possible that as it grows, the 

cyanobacterium sediments to the bottom of the ponds, and 

there, through diverse bacterial metabolism, an anaerobic 

environment is created where clostridia thrive and produce 

endospores. On harvesting, the endospores would contam- 

inate the cyanobacterium. A second possibility is that the 

endospores contaminate the tablets from the general soil 

during the harvesting process. Thirdly, endospores are 

present in an additive used for the tabletting process. The 

spores would contaminate the A. platensis at source, and go 

through the tabletting process where they remain dormant. 

One of the products investigated contains and is routinely 

tested for chromium before dispatch. It is well known that 

alum is used for waste water treatment. Considering the 

high aluminium content of product A tablets, it is possible 

that Arthrospira is cultivated on anaerobic effluents 

containing both chromium and alum, and used for waste 

water remediation (Rose et al. 1996; Song et al. 2004). 

Finally, in Musina, South Africa, where A. platensis is 

cultured for commercial purposes, microbial contamination 

could be of human origin (Grobbelaar 2009). 

  The World Health Organisation recognises and promotes 

A.   platensis  as   a   food   source  with  benefits   for the 

 
malnourished (Maradonna 2009). In addition, preparations 

of A. platensis are administered routinely as CAM to the 

immunocompromised. In Africa, this includes both HIV/ 

AIDS-positive adults and children where some studies 

indicate a positive nutritional and/or immunitary response 

to A. platensis supplementation in the diet (Simpore et al. 

2005; Teas et al. 2004). However, others suggest that more 

research is required before these claims are proven (Yamani 

et al. 2009). For any administration of A. platensis to HIV 

patients, it is imperative that these preparations for human 

consumption are hazard-free. This study indicates the need 

for stringent quality assurance to be in place for the 

manufacture of all commercial A. platensis products. The 

introduction of the Hazard Analysis and Critical Control 

Point programme with identified hazards and CCPs, as well 

as associated Prerequisite Programmes, and other good 

manufacturing practices should be implemented to enforce 

compliance. Failure to do so will result in the production of 

A. platensis products which represent a potential high-risk 

for contamination by pathogenic microbes. 

 
 
 



 

  

 

 


