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Abstract: 

Maize, which contributes a large portion of the African diet and serves as the base 

substrate for many fermented cereal products,has been reported to be contaminated 

with fumonisins. This study aimed to evaluate in vitro the ability of predominant lactic 

acid bacteria (LAB) in African traditional fermented maize based foods (ogi and 

mahewu) to bind fumonisins B1 (FB1) and B2(FB2),as well as the stability of the 

complex  at different pH and temperatures, in particular observed during ogi  

fermentation and under its storage conditions (time, temperature).  The percentage of 

bound fumonisins was calculated after analysing the level of fumonisins not bound to 

LAB after a certain incubation time,  by high performance liquid chromatography. The 

results revealed the ability of all tested LAB strains to bind both fumonisins, with 

binding efficiency varying between strains and higher for FB2. Binding of fumonisins 

increased with a decrease in pH from 6 to 4 (observed during ogi fermentation 

process) and from 4 to 2 (acidic pH in the stomach), and an increase in temperature 

(from 30°C to 37°C).  The percentage of fumonisins (B1 and B2) bound to LAB at pH 

4 decreased after 6 days of storage at 30°C for all LAB strains, except for L. 

plantarum (R1096) for which it increased. Lactobacillus species (L. plantarum and L. 

delbrueckii) were the most efficient in binding fumonisins (B1 and B2), whereas 

Pediococcus sp. the less efficient. Therefore, the Lactobacillus  strains tested in this 

study can be recommended as potential starter cultures in African traditional 

fermented maize based foods  to provide detoxifying and probiotic properties. 
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Introduction 

The majority of humanity’s food supply consists of a wide variety of cereal grains with maize, 

rice, wheat and barley being the world’s four major ones (FAO, 2014; Pereira et al., 2014). In 

Africa, maize is the most  produced cereal crop  and a major staple food for majority of the 

population  (FAO, 2014; Macauley and Ramadjita, 2015), and traditional fermented maize  

based  products (e.g. ogi, kenkey, mawe, mahewu) are particularly important  (FAO, 1999).  

Maize, as other cereals,  is  at risk of infection by mycotoxigenic fungi and their related 

mycotoxins (Pereira et al., 2014). Mycotoxins are  secondary fungal metabolites,  with major 

concern for public health since they can cause acute or chronic intoxications to humans, 

which are sometimes fatal, due to their various toxic effects (carcinogenic, hepatotoxic, 

nephrotoxic, neurotoxic, immunotoxic, oestrogenic) (AFSSA, 2006; Zain, 2011).  Most 

mycotoxins are chemically and heat stable, resilient to storage and processing conditions. In 

particular, they are not easily destroyed by cooking processes (Valiuškaitė  et al., 2006; 

Kabak, 2009).  In countries where food is scarce and subsistence farming forms the major 

source of food, cereals contaminated with mycotoxins are consumed (Marasas  et al., 2008). 

Moreover, traditional fermented cereal foods are cheap and relatively easy to prepare and this 

accounts for their popularity amongst most African population groups. As a consequence of 

poverty, poor food security and malnutrition, exposure to mycotoxins is high in Africa  

(Marasas  et al., 2008). 

 

Several studies have reported the occurrence of mycotoxins in maize, in particular in Africa, 

fumonisins being among the most prevalent ones with  high contamination rates and levels  

that can exceed 10 µg/g  (Chilaka  et al., 2016; Mngqawa  et al., 2016; Okeke  et al., 2015; 

Vismer et al. 2015; Udomkun  et al., 2017). Fumonisins are a group of mycotoxins primarily 

produced by Fusarium  verticillioides and F. proliferatum  (Dawlal  et al., 2010; IARC, 2015; 

Ferrigo  et al., 2016). They consist of a long hydroxylated hydrocarbon chain (20 carbon 

atoms) containing  methyl and amino groups and in which the hydroxyl groups on C14 and 

C15 are esterified with tricarboxylic acid(TCA) (Abrunhosa  et al., 2016). Fumonisins B1 

(FB1) and B2 (FB2) are the most commonly found in food and feed, with FB1 the most 

abundant (IARC, 2015; Abrunhosa  et al., 2016; Ferrigo  et al., 2016). FB1 is also the most 

toxic fumonisin. An exposure to this toxin  has been associated with high incidence of human 

https://www.idrc.ca/en/article/facts-figures-food-and-biodiversity
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oesophageal cancer in various parts of Africa (Zain, 2011). 

 

Different methods have been developed for the reduction and detoxification of mycotoxins in 

food and feed (Reddy et al., 2010; Jard  et al., 2011; Karlovsky  et al., 2016). Among these 

methods, the use of lactic acid bacteria (LAB)  is regarded as a  promising approach due to 

their ability to bind mycotoxins, including fumonisins (Dalié  et al., 2010). Niderkorn  et al. 

(2006a, b)  investigated in vitro the interaction between fermentative bacteria and fumonisins  

B1 and B2 and they reported that LAB  belonging to the genera Lactobacillus, Pediococcus, 

Streptococcus, Lactococcus and Leuconostoc, are able to bind fumonisins, but with great 

differences among strains.  Binding efficiency was higher for FB2 and affected by the pH, 

with binding nearly 0% at neutral pH.  In a further investigation, Niderkorn  et al. (2009) 

identified peptidoglycan and TCA as important components of LAB cell wall and fumonisins, 

respectively, involved  in the binding interaction.  These studies revealed  a field of research 

that can provide unique, dual benefits in the area of African fermented maize based foods due 

to LAB generally recognised as probiotic strains and being a safe, possibly stable, fumonisin  

detoxifying agent. 

 

Ogi is an acid fermented cereal gruel mademainly from maize and consumed widely in West 

African countries (e.g. Nigeria, Benin, Togo and Ghana)  where it is a staple food, used as 

infant weaning foods, breakfast cereal and convenient meal for sick and convalescent 

individuals. The traditional process of ogi consists in grain steeping in water for 1 to 3 days, 

wet milling, wet sieving to remove bran, decanting and fermentation of the sievate for 1 to 3 

days (Nago  et al., 1998; Nwosu and  Oyeka, 1998; Ijabadeniyi, 2007; Omemu, 2011, Fayemi, 

2016).  During the fermentation step, it was reported that the temperature of fermenting maize 

remains relatively constant between 28°C and 30°C (Omemu, 2011; Fayemi, 2016) and the 

pH decreases from approximatively 6 to 4 (Nwosu and  Oyeka, 1998; Omemu, 2011; Fayemi, 

2016). Microbiological studies also showed the major involvement of LAB in ogi 

fermentation(Agati  et al., 1998; Nago  et al., 1998; Fayemi, 2016), with LAB population 

increasing  from 4.3 x 10
10

cfu/g to 7.9 x 10
10

cfu/g (Omemu, 2011) or reaching values of 

10
9
cfu/g (Nago  et al., 1998).  The predominant LAB included L. plantarum, L. delbrueckii,  

L.brevis, L. fermentum  and its biotype L. cellobiosus, and Pediococcus pentosaceus (Nago  et 

al., 1998; Nwosu and  Oyeka, 1998; Ijabadeniyi, 2007; Adebayo-tayo and Onilude, 2008; 

Afolabi and Akintokun, 2008; Omemu, 2011; Fayemi, 2016).Mugcoba (2001), Holzapfel and 

Taljaard (2004), Katangole (2008), have all indicated L. delbrueckii  and L. brevis  to be the 
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most prevalent LAB during the fermentation of mahewu which is a South African traditional 

maize based product similar to ogi. 

 

The aim of this study was to evaluate in vitro  the interaction between  predominant LAB  in 

African traditional fermented maize based foods (ogi and mahewu) and fumonisins B1and 

B2,as well as the stability of the bound complexat different pH and temperatures, in particular 

observed during ogi fermentation, and under its storage conditions (time, temperature). 

 

Materials and Methods 

 

LAB strains and media 

Three LAB strains belonging to species that predominate in African traditional fermented 

maize based foods (ogi and mahewu) were tested in this study: two  LAB strains, L. 

plantarum (FS2) and Pediococcus  pentosaceus  (D39), with probiotic characteristics,  

isolated from Nigerian ogi (Fayemi, 2016), and L. delbrueckii  ssp. delbrueckii  (CIP 57.8T) 

isolated from sour grain mash and sourced from the Pasteur Institute, France. Lactobacillus 

plantarum  (R1096) sourced from Lallemand  SAS, France,  was selected as positive control 

strain as it had  amongst the highest binding of FB1 and FB2 (Niderkorn  et al., 2006a). 

De Man, Rogosa, Sharpe (MRS) Broth (Biokar, BK070HA)and MRS agar 

(Biokar,BK089HA) (de Man et al., 1960) were used for the culture of LAB strains. 

All LAB  strains were cultivated and stored on MRS agar  slants at 4
o
C for 3 months,and for 

long term conservation, cryopreserved  at -80
o
C in 12.5% glycerol (Jacobs, 1991) and on 

microbeads (MAST Diagnostics, France).  

 

Fumonisins B1 and B2 

Fumonisins B1 (10 mg, F1147) and B2 (10 mg, F3771) were purchased from Sigma Aldrich, 

France. They were each dissolved in 10 ml of 50% acetonitrile to obtain 40 amber vials with a 

concentration of 250 µg/mlwhich were stored at -20
o
C. A standardized concentration of 10 

µg/ml for each fumonisin  was used across all tests during experimentation according to the 

method developed by Niderkorn  et al. (2006a). 

 

Determination of the binding ratio between LAB and fumonisins 

The method described by Niderkorn  et al. (2006a)  was used in this study with a few 

modifications. For each LAB strain, two Erlenmeyer flasks containing 200 ml of MRS 
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brothwere inoculated with a fresh, single colony from 24-48 h culture on MRS agar, and 

incubated at 37
o
C (optimal growth temperature) for 24 h. At the end of the incubation time, 

the  two broth cultures were  homogenized and an aliquot of 2 ml was used for quantifying the 

LAB concentration. A standardized concentration of LAB cells (10
13

cfu/ml) was 

systematically obtained and used for all strains across all tests. 

 

Thereafter, the two broth cultures were each aseptically transferred to a sterile 250 ml 

centrifuge bottle and centrifuged  at 3000 x g for 10 min at <10
o
C. The supernatant was 

removed and the LAB cell pellet was re-suspended and washed (x3)  in 100ml of 0.01M 

phosphate buffer solution (PBS) pH 7.4  by mixing then centrifuging under the same 

conditions. After the last wash step, the bacterial pellet from one of the two broth cultures was 

re-suspended in 2ml of 0.1M citrate phosphate buffer (CPB) pH 4  containing 10µg/ml of 

FB1 and 10µg/ml of FB2 (fumonisin  buffer solution).  After homogenization with vortex, the 

2 ml were split into 1 ml each transferred to a 2ml Eppendorf tube (test samples in 

duplicate).The bacterial pellet from the second broth culturewas re-suspended in 2ml of 0.1M 

CPB pH 4  and after homogenization, 1 ml was transferred to a 2ml Eppendorf tube (negative 

control sample excluding FB1 and FB2). For the positive control samples (excluding LAB 

cells), 1ml of the fumonisin  buffer solution was transferred to a2ml Eppendorf tube, in 

duplicate. All the samples were incubated at  30
o
C for 1h with agitation (480rpm) and  for 23h 

without agitation, then centrifuged at 3000 x g for 10min at<5°C. The supernatants  were each 

transferred to 2ml amber vials and stored at 4
o
C until the analysis of  fumonisins  (B1 and B2) 

by using high performance liquid chromatography (HPLC). 

 

Determination of LAB concentration 

LAB concentration in the culture broth was estimated by measuring the absorbance at 600nm 

(OD600) then comparing to standard curves previously obtained for each LAB strain by 

relating colony forming units (cfu) per ml from plate counts and absorbance measurements 

over an array of LAB concentrations. 

 

Effect of pH and temperature on the binding ratio 

Ogi fermentation occurring around 30°C with the pH decreasing from approximatively 6 to 4, 

the binding ratio between LAB and fumonisins B1 and B2 was also determined at pH 5 and 

pH 6. For that, the method detailed above (binding ratio method) was repeated with variation 

in pH of the fumonisin buffer solution. Tests were performed using 0.1M CPB which was 
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adjusted to pH 5 and pH 6. 

 

The binding ratio method was also modified to simulate the optimal growth temperature of 

LAB strains i.e. 37
o
C, as this may influence the dominance of the strains during the 

fermentation of maize based foods, such as ogi and mahewu.  Samples were prepared as 

detailed above using 0.1M CPB which was adjusted to pH 4, pH 5 and pH 6, individually. 

Each set of samples at different pH was incubated at 37
o
C  for 1h with agitation (480rpm) and 

for 23h without agitation, thereafter supernatants were recovered and stored at 4°C until 

fumonisin analysis by HPLC. 

 

The binding ratio was determined  at  a lower pH of 2 and an incubation temperature of 37
o
C 

found during human gastric digestion. Samples were prepared as previously indicated using 

0.1M CPB which was adjusted to pH2. After incubation at 37
o
C for 1h with agitation 

(480rpm) and for 23h without agitation, supernatants were recovered and stored at 4°C until 

fumonisin analysis by HPLC. 

 

Effect of simulated ogi  storage conditions in vitro on binding stability 

Preparation of samples followed the initial binding ratio method mentioned above in 0.1M 

CPB at pH4. The samples were then  incubated at 30
o
C for 1h with agitation (480rpm) and  

without agitation for   23h  followed by 6 days for simulating ogi storage conditions.  

Supernatants were recovered and stored at 4°C until fumonisin analysis by HPLC. 

 

Fumonisin analysis by HPLC 

Fumonisins B1 and B2 were quantified in the supernatants of all samples (test samples, 

positive and negative controls) stored at 4°C by HPLC coupled with a fluorescence detector 

(Shimadzu RF 20A, Japan) after derivatization with o-phthaldialdehyde (OPA).  For 

fumonisin derivatization: 100µl of derivatization solution was added to 100µl of sample. The 

contents were mixed and allowed to react for 2 min prior to injection. The derivatization 

solution was prepared by mixing 120 mg of OPA (Sigma-Aldrich, France; P0657), 3 ml of 

100% methanol, 15 ml of 0.1 M Borate buffer pH 10 and 179 µl of 1-thioglycerol (Sigma-

Aldrich, France; M2172), and  left overnight in the dark at room temperature prior to use. The 

operating conditions were as follows: injection volume of 100µl of each sample after 

fumonisin derivatization; C18  reverse-phase column, Uptisphere type, ODB, 5µm  particle  

size, 250  x  4.6 mm, with identical pre-column, thermostatically  controlled at 35°C;  
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isocratic flow  rate of 1 mL/min; mobile phase A was acetonitrile-glacial acetic acid (99:1; 

v/v) and mobile phase B was ultrapure water-glacial acetic acid (99:1; v/v),  with gradient 

conditions: mobile phase A: 41% (0-9 mins), 61% (9-16 mins), 100% (16-20 mins), 41% (20-

25 mins);  fluorescence  detection for fumonisins was set at 335 nm excitation and 440 nm 

emission  (Ware et al., 2017). The retention times were 11 min for FB1 and 15 min for FB2. 

The fumonisin  contents were calculated from calibration curves established for FB1 and 

FB2with standard solutions (TSL-204 and TSL-205 respectively, Biopharm Rhône Ltd, 

Glasgow, UK). If the measured fumonisin content in a sample was higher than the highest 

calibration point, the sample was diluted in 0.1M Borate buffer (pH 10) and analysed again by 

HPLC.  The  percentage of bound fumonisin (FB1 or FB2) by the different LAB strains was  

calculated using the following equation: 

 

Bound fumonisin (FB1 or FB2) (%) = 100 x (1 – Peak area of fumonisin in the supernatant) 

 Peak area of fumonisin in positive control 

 

The HPLC method was validated by measuring the linearity, recovery, matrix effect,  limit of 

detection (LOD) and limit of quantification (LOQ), as well as the  intraday (repeatability) and 

interday  (reproducibility) precisions for each fumonisin (FB1 and FB2).The linearity was 

evaluated for FB1 and FB2 using the calibration curve of each standard (TSL-204 for FB1 

and TSL-205 for FB2) at six concentration levels, ranging from 5 to 500 ng / ml for each 

fumonisin. The recovery was calculated by comparison of the response obtained for each 

fumonisin with the HPLC method and the theoretical fumonisin level in the positive control at 

the different tested pH (2, 4, 5 and 6).  The intraday and interday precisions were determined 

by calculating the relative standard deviation (RSDr  for repeatability and RSDR  for 

reproducibility) obtained from results generated from the analysis  of  positive  controls  at the 

different tested pH (6 determinations in the same day for repeatability; 2 determinations on 5 

consecutive days for the reproducibility). The LOD and LOQ were determined from a signal 

to noise ratio of 3 and 10 respectively. 

 

Statistical analysis 

All experiments were performed in duplicate and results analysed using a two-way analysis of 

variance (ANOVA) to determine whether the tested parameters (pH, incubation temperature, 

storage time and LAB strain) affected the binding interaction and stability between the LAB 

strains and fumonisins (B1 and B2). A t-test was performed to examine significant differences 
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between pH, incubation temperatures (30
o
C and 37

o
C), storage time, LAB strains and 

fumonisins (B1 and B2). Where significant differences were found on the ANOVA test, the 

Tukey’s Honest Significance Difference (HSD) Test based on the studentized range 

distribution was used to determine for which LAB strains tested parameters there were 

significant differences. 

 

Results 

 

1. Validation of the HPLC method for FB1 and FB2 analysis 

The performance parameters of the method are given in Table 1. For both fumonisins, the 

linearity was good (R
2
 of 0.9970 for FB1and 0.9976 for FB2)  in the range of concentrations 

comprised between 5 and 500 ng /ml. The LOD and LOQ were 0.3 ng/ml and 1 ng/ml, 

respectively, for both FB1 and FB2. The recoveries  calculated from results obtained from the 

analysis of positive controls  prepared in CPB  at different pH (2, 4, 5, 6) were higher for FB1 

(75-117%) than for FB2 (63-71%)  and, for both toxins, within the range (60-120%) 

recommended by European Commission (EC) Regulation No 401/2006.  The repeatability 

and reproducibility of the method were satisfactory at all tested pH  with RSDr  and RSDR 

being lower than the recommended  values  by EC Regulation No 401/2006  (30  and 60% 

respectively). 

 

Table 1: Performance parameters of the HPLC method for fumonisin analysis 

 Linearity R
2
 Recovery % LOD ng/ml LOQ ng/ml RSDr % RSDR % 

FB1 0.9970 75-117* 0.3 1 3-9* 9-29* 

FB2 0.9976 63-71* 0.3 1 2-4* 6-32* 

LOD: Limit of detection 

LOQ: Limit of quantification 

RSDr: Relative standard deviation calculated from results generated under repeatability conditions 

RSDR: Relative standard deviation calculated from results generated under reproducibility conditions 

* Range of values obtained at the different tested pH (2, 4, 5, 6) 

 

2. Effect of pH and temperature on LAB – fumonisin(B1 and B2) complex 

Baseline quantification of the binding ratio completed at 30
o
C with pH 4, was indicative of 

fumonisin (B1 and B2) binding occurring for all 4 LAB strains. The ANOVA carried out on 

the 48 binding ratio values recorded for FB1 and FB2 indicated that LAB strain, pH and 

temperature had significant effects on the percentage of bound FB1 and FB2 (Figure 1a and 

b). Analysis of the quantification of binding ratio in conditions simulating  ogi fermentation 

parameters (30°C with pH decreasing from 6 to 4) showed that for both FB1 and FB2, the  
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Figure 1: Effect of pH and temperature on the percentage of fumonisins (B1 and B2) bound by LAB strains: A) 

at 30°C, B) at 37
o
C. For each group of bars, the letters indicate the results of the Tukey HSD test on the strains. 

Strains found to be not different at 95% significance level are labelled with the same letter 
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binding occurred at pH6 (start of fermentation) and the percentage of bound fumonisins 

increased as pH decreased to 5 and 4 (end of fermentation) (Figure 1a) (pH significant for 

FB1 and FB2 with all p-values< 0.0001). The same pattern was observed at 37
o
C (Figure 1b), 

but the percentage of bound FB1 and FB2 was higher at 37
o
C than at 30

o
C (p-value< 0.0001 

for FB1 and p-value< 0.0001 for FB2). Therefore, all 4 LAB strains were able to bind both 

fumonisins under pH and temperature conditions tested with strain significant for both FB1 

and FB2 (all p-values < 0.0001), but with binding efficiency higher for FB2 (p-value < 

0.0001).  

 

The Tukey's HSD test indicated significant differences among the 4 LAB strains and the pH 

levels, depending on the type of fumonisin (B1 or B2) and the incubation temperature. At 

30°C, the percentage of bound FB1 by P. pentosaceus (D39) was significantly lower (23% at 

pH 6 and 38% at pH 4) than by Lactobacillus species: L. plantarum(R1096) (42% at pH6 and 

51% at pH 4), L. plantarum (FS2) (46% at pH 6 and 57% at pH 4) and L. delbrueckii (CIP 

57.8 T) (52% at pH6 and 55% at pH 4). At 37
o
C, the percentage of bound FB1 by P. 

pentosaceus (D39) was the lowest (23% at pH 6 and 43% at pH 4), L. delbrueckii(CIP 57.8 T) 

(51% at pH 6 and 69% at pH 4) and L. plantarum (FS2) (52% at pH 6 and 73% at pH 4) were 

similar and L. plantarum (R1096) was the highest (71% at pH 6 and 86% at pH 4).  At 30
o
C, 

the percentage of bound FB2 by L. plantarum (FS2) (83% at pH 6 and 92% at pH 4) was 

similar to  L. plantarum(R1096) (83% at pH6 and 93% at pH 4), but higher than L. 

delbrueckii (CIP 57.8 T) (62% at pH6 and 85% at pH 4) and P. pentosaceus (D39) (39% at 

pH 6 and 82% at pH 4). At 37
o
C, the percentage of bound FB2 by P. pentosaceus (D39) (42% 

at pH 6 and 89% at pH 4) was also the lowest, then L. delbrueckii (CIP 57.8 T) (64% at pH6 

and 95% at pH 4), then L. plantarum (FS2) (87% at pH 6 and 95% at pH 4), and L. 

plantarum(R1096) (85% at pH6 and 98% at pH 4) highest. 

 

Figure 2 compares the percentage of fumonisins (B1 and B2) bound by the 4 LAB strains 

under baseline parameters (pH 4, 30°C at the end of ogi fermentation) against lower pH of 2 

and incubation temperature of 37
o
Cfound during human gastric digestion.For all 4 LAB 

strains and both FB1 and FB2, the binding ratio was higher at pH 2, 37°C than at pH 4, 30°C 

(all p-values <.0001), ranging from 38-57% to 80-98% for FB1 and from 82-93% to 97-100 

% for FB2 at pH 4, 30°C and pH 2, 37°C, respectively. The percentage of bound FB1 byL. 

plantarum (R1096) was the highest at 46%, followed by P. pentosaceus (D39) at 42% with L. 

plantarum (FS2) and L. delbrueckii (CIP 57.8 T), similar, at 28%. The percentage of bound 
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FB2 by P. pentosaceus (D39) was the highest at 17%, followed by L. delbrueckii (CIP 57.8 T) 

at 14%, L. plantarum (FS2) at 7% and L. plantarum (R1096) at 5%. However, amongst the 4 

LAB strains,the ANOVA indicated significant differences for FB1 (p-value = 0.0438), but not 

for FB2 (p-value = 0.1126). Tukey's HSD test applied to the strains for FB1 indicated that P. 

pentosaceus (D39) was significantly lower (38% at pH 4 and 80% at pH 2) than the other 

three strains L. plantarum (FS2) (57% at pH 4 and 86% at pH 2),L. plantarum (R1096) (51% 

at pH 4 and 97% at pH 2) and L. delbrueckii(CIP 57.8 T) (54% at pH 4 and 82% at pH 2). 

These results indicate not only the stability of the LAB-fumonisin (B1 and B2) complex under 

lower pH and incubation temperature of 37
o
C, but also an increase in the amount of 

fumonisins bound by all 4 LAB strains under such conditions, particularly for FB1.  

 

 

 

Figure 2: Effect of lower pH (2) and incubation temperature of  37°C in vitro on the stability of LAB - 

fumonisin (B1 and B2) complex by comparison of the binding ratio under baseline parameters (pH 4, 30°C at the 

end of ogi fermentation). For each group of bars, the letters indicate the results of the Tukey HSD test on the 

strains. 
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FB2).The highest decrease in percentage bound for FB1 was L. delbrueckii (CIP 57.8 T) at 

29%, followed by P. pentosaceus (D39) at 19% and L. plantarum (FS2) at 8% whereas the 

highest decrease in percentage bound for FB2 was P. pentosaceus (D39) at 67%, followed by 

L. plantarum (FS2) at 21% and L. delbrueckii(CIP 57.8 T) at 6%.  

 

 

 

Figure 3: Effect of simulated storage conditions (6 days at 30°C) of fermented ogi (pH4) in vitro on the stability 

of LAB - fumonisin (B1 and B2) complex. For each group of bars, the letters indicate the results of the Tukey 

HSD test on the strains. 
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Various authors have reported  the binding affinity of LAB strains for mycotoxins (Ahlberg  

et al., 2015; Dalié  et al., 2010) such as aflatoxin B1 (AFB1) (El-Nezami  et al.,1998), 

zearalenone (ZEN) and α-zearalenol (El-Nezami  et al., 2002), deoxynivalenol, nivalenol, 

ZEN, FB1 and FB2 (Niderkorn  et al., 2006a), AFB1 and patulin (Topcu  et al., 2010), and  

FB1 and FB2 (Zhao et al.,  2016) with an effect of bacterial concentration, pH, temperature  

and incubation time on such binding ability.  Niderkorn  et al. (2006a) who were the first to 

evaluate in vitro the binding ability of various LAB strains for FB1 and FB2, obtained 74% 

and 97% binding of FB1 and FB2, respectively, with 10
10

cfu/ml ofL. plantarum (R1096). 

Niderkorn’s protocols with few modifications used in the present  study resulted in the 

achievement of 51% binding of FB1 and 94% binding of FB2 for the same LAB strain with 

bacterial concentration of 10
13

cfu/ml. Zhao et al. (2016) obtained 53% binding of FB1 and 

85% binding of FB2 with 10
9
cfu/ml of L. plantarum B7. Thus these previous investigations, 

as in the present work, showed a higher binding for FB2 than FB1, but also an increase in 

fumonisin binding as pH decreases and temperature increases, and differences in binding 

efficiency among LAB strains.  

 

Studies have also been conducted to elucidate the mechanism of mycotoxin removal by LAB 

(Dalié  et al., 2010). It was demonstrated that binding is the main mechanism involved in 

fumonisin removal,  with adhesion to LAB cell wall components occurring rather than 

covalent binding or metabolism  (Dalié  et al., 2010; Niderkorn  et al., 2009; Zhao et al., 

2016).  Our preliminary results were in agreement with binding mechanism since fumonisin 

removal was observed in presence of both live and dead LAB (unpublished data). LAB strains 

are Gram positive and so their cell wall mainly consists of peptidoglycans, teichoic acids, 

proteins and polysaccharides (Chapot-Chartier and Kulakauskas, 2014; Delcour  et al., 

1999).It was reported that peptidoglycans of LAB cell wall are the main binding sites for 

fumonisins, their structural integrity is essential and their amino acid sequence plays an 

important role in the efficiency of the binding mechanism. TCA chains in fumonisins  also are 

important components in the  binding process (Dalié  et al., 2010; Niderkorn  et al., 2009; 

Zhao et al., 2016).  

 

Various factors can contribute to and explain the differences observed in the percentage of 

FB1 and FB2 bound by the four LAB strains used in this study under the parameters tested 

(pH, temperature, incubation time): the shape, size and surface area of LAB cells, the 
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composition, structure and surface charge of LAB cell walls, and the conformation and 

electrostatic potential of each fumonisin molecule. 

 

As can be seen from the results, theory vs practical quantification indicates a different 

hypothesis as to the binding reaction in that theoretically, it was expected that the binding of 

FB1 and FB2 would be the same due to their similarity in chemical structure as previously 

reported for zearalenone and α-zearalenol by El-Nezami  et al. (2002), where both toxins 

competed for the same binding site. Practical results obtained in the present study and other 

studies (Niderkorn et al., 2006a, b; Zhao et al., 2016) have indicated otherwise, i.e. higher 

binding for FB2 than FB1. The only structural variation between FB1 and FB2 consists in an 

additional hydroxyl group in C10 for FB1. Niderkorn  et al. (2006a and 2009) suggested that 

the spatial conformation resulting from hydrogen bond between this extra hydroxyl group and 

a carboxyl group may limit the accessibility of FB1 to the binding sites of LAB cell walls. 

 

Statistical analyses have indicated that binding affinity of LAB strains for FB1 and FB2 is 

significantly affected by temperature (p-value< 0.001) and pH (p-value< 0.0001). The 

combination of higher incubation temperature (37
o
C) and low pH (4) produced the highest 

binding of FB1 and FB2 by all the LAB strains tested (p-value< 0.0001). The increase in 

incubation temperature from 30°C to 37°C is the factor that illustrated a direct relationship to 

the increase in fumonisin  binding. LAB grows optimally at 37°C where the cells prepare for 

growth either by “make before break” or “inside to outside” principle as explained by Delcour  

et al. (1999). In both principles, more peptidoglycans  are added to the cell wall (Delcour  et 

al., 1999) providing more favourable binding sites for FB1 and FB2 (Delcour  et al., 1999; 

Niderkorn et al., 2009; Zhao et al., 2016), hence enhanced binding.  

 

The increase in fumonisin  binding rate as the pH decreases from 6 to 2 could be attributed to 

the change in pH affecting the surface charge in the constituents of the LAB cell wall 

providing favourable binding sites for each of the fumonisins (Luxbacher, 2014; Schar-

Zammaretti and Ubbink, 2003).Zhao et al. (2016) gave two explanations for this result. The 

first one is that acidic pH would broke bonds among certain constituentsof the LAB cell wall 

altering its original structure in a way that would provide more favourable binding sites for 

FB1 and FB2. The second one is that under acidic conditions hydrolysis of TCA structure in 

fumonisins may be inhibited permitting increased binding with LAB cell wall as TCA 

structure plays an important role in the binding process. 
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The variation in  fumonisin binding efficiency observed among the four LAB strains could be 

explained by thedifference in shape, size and surface area of LAB cells i.e. bacilli rods vs 

cocci.  It is well known that bacilli rods tend to occur singularly with a cell size of 0.19 - 

1.2µm x 3 - 8µm (Pederson, 1935) whereas cocci tend to occur in tetrads with a single cocci 

cell size of 0.5 - 1µm (Semjonovs, 2010). Due to the cocci preference of occurring in tetrads, 

this arrangement drastically reduces the surface area of binding sites for FB1 and FB2. P. 

pentosaceus (D39) had the lowest binding affinity for FB1 and FB2, whereas the 

Lactobacillus species showed the most binding affinity.Over time the tetrads auto-aggregate 

as per their natural preference (Holzapfel  et al., 2006) and this characteristic, further 

drastically reduces the binding. Jankovic  et al.  (2012)  also demonstrated that Lactobacillus 

strains possess the ability to auto-aggregate with after 24 h at least 80% of Lactobacillus 

aggregated. The decrease of binding ratio over time (i.e. under simulated ogi storage 

conditions) for the three LAB strains, P. pentosaceus (D39), L. plantarum (FS2) and L. 

delbrueckii (CIP 57.8 T), could also be an indication that during storage these strains have a 

tendency to auto-aggregate, which is one of the desirable attributes of a probiotic (Jankovic  et 

al., 2012). 

 

Differences in binding efficiency among LAB strains could also be explained by the fact that 

the genetic differences between each strain would produce different components in the cell 

wall (i.e. peptidoglycans, teichoic acids, polysaccharides and proteins) that could or could not 

enhance binding affinity for FB1 and FB2 (Schar-Zammaretti and Ubbink, 2003). In 

particular, the molecular structure of peptidoglycans which are the main binding sites for FB1 

and FB2, varies with bacterial species (Niderkorn  et al., 2009; Zhao et al., 2016).  

 

Conclusion 

LAB species (L. plantarum, L. delbrueckii  ssp.  delbrueckii and Pediococcus  pentosaceus)  

that are predominant in African traditional fermented maize based foods (ogi and mahewu) 

have been successfully evaluated in binding FB1 and FB2. Assessment of the binding ratio 

and complex stability under varying parameters of pH, temperature and incubation time 

indicated that the four LAB strains used in this study have the ability to bind FB1 and FB2, 

with all the strains exhibiting higher binding for FB2 than FB1.Binding ratio increased with a 

decline in pH from 6 to 2 and an increase  in incubation temperature  from 30°C to 37°C.  

Nevertheless, the percentage of FB1 and FB2 bound to LAB at pH 4, 30°C decreased after 6 
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days of storage at 30°C for all tested LAB strains, except for the positive control strain, L. 

plantarum (R1096), for which it increased.These results indicate the stability of the LAB-

fumonisin (B1 and B2) complex under conditions of pH and temperature observed during ogi 

fermentation and in the stomach(and even an increase in the fumonisins bound by the LAB 

strains under such conditions) but not after 6 days under  ogi post fermentation storage 

conditions. In addition, FB1 and FB2 binding efficiency varied between LAB strains, with  

Lactobacillus species being  the most efficient in binding fumonisins whereas Pediococcus 

sp. the less efficient. This therefore suggests the potential for these Lactobacillus species to be 

used as main starter culture in African traditional fermented maize based foods specifically, 

ogi and mahewu, with a twofold advantage of being a probiotic coupled with ability to reduce 

the toxicity of fumonisins.  However, this requires that the efficiency of L. plantarum  and L. 

delbrueckii  strains in binding fumonisins will be evaluated in the full matrix, i.e. during ogi 

and mahewu fermentation, with the analysis of both hidden and bound fumonisins, as well as 

the effect of these strains on the physicochemical and sensory properties of the final 

fermented maize products to establish consumer acceptability. In addition, the binding ratio 

and complex stability under proper simulated human gastric digestion and the toxicity of the 

complex LAB-fumonisin (B1 and B2) should be tested. 
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