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TheThe ntobantoba mbodimbodi obtainedobtained byby fermentationfermentation

ofof cassavacassava leavesleaves ((ManihotManihot esculentaesculenta
CrantzCrantz)) isis aa fermentedfermented vegetablevegetable whichwhich isis

consumedconsumed inin CongoCongo..

TheThe fermentationfermentation ofof cassavacassava leavesleaves isis

INTRODUCTION

TheThe fermentationfermentation ofof cassavacassava leavesleaves isis

performedperformed byby traditionaltraditional wayway usingusing severalseveral

processesprocesses.. TheseThese processesprocesses allow,allow, notnot only,only,

toto eliminateeliminate thethe toxictoxic cyanogeniccyanogenic

compoundscompounds inin thethe cassavacassava leaves,leaves, butbut alsoalso

toto raiseraise thethe flavourflavour ofof thethe fermentedfermented

productproduct..



TheThe pHpH ofof ntobantoba mbodimbodi increasesincreases

duringduring thethe fermentationfermentation andand becomesbecomes

alkalinealkaline atat thethe endend (pH(pH88..55--88..99))..

LacticLactic bacteriabacteria werewere foundfound toto bebe

dominantdominant atat thethe beginning,beginning, whereaswhereas

BacillusBacillus werewere foundfound toto bebe thethe majormajor atatBacillusBacillus werewere foundfound toto bebe thethe majormajor atat

thethe endend ofof thethe fermentationfermentation ofof ntobantoba
mbodimbodi..

TheThe lacticlactic acidacid bacteriabacteria thusthus remainremain

presentpresent throughoutthroughout thethe alkalinealkaline

fermentationfermentation ofof thethe cassavacassava leavesleaves..



TheThe mainmain objectiveobjective ofof thisthis workwork

waswas toto confirmconfirm thethe presencepresence ofof thethe

lacticlactic bacteriabacteria inin thethe alkalinealkaline

productproduct andand toto checkcheck forfor theirtheirproductproduct andand toto checkcheck forfor theirtheir

biodiversitybiodiversity inin ntobantoba mbodimbodi inin

perspectiveperspective forfor aa productionproduction byby

controlledcontrolled fermentationfermentation..



Production of ntoba mbodi

Cassava leaves Cassava leaves slightly dried and cut
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Wrapped leaves for 
fermentation

Peaces of leaves in big leaves 
of bilordia and/or papaya for 
wrapping

Cassava leaves slightly dried and cut
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Fermented leaves: ntoba mbodi
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5353 bacteriabacteria werewere isolatedisolated fromfrom

differentdifferent productionproduction sitessites ofof CongoCongo

andand identifiedidentified byby phenotypingphenotyping

(including(including APIAPI 5050CHL)CHL) andand

Identification of lactic acid bacteria

(including(including APIAPI 5050CHL)CHL) andand

genotypinggenotyping (ITS(ITS-- PCR,PCR, RepRep ––PCRPCR

andand DNADNA sequencing)sequencing)



RESULTS

The lactic bacteria are divided into 4 The lactic bacteria are divided into 4 

genera:genera:Weissella,Weissella,
Enterococcus, Enterococcus, Enterococcus, Enterococcus, 
LactobacillusLactobacillus

and and Pediococcus.Pediococcus.



The species areThe species are

Weissella confusaWeissella confusa (45.3%) (45.3%) 

Weissella cibariaWeissella cibaria (7.6%), (7.6%), 

Enterococcus casseliflavusEnterococcus casseliflavus (16.9%),(16.9%),

Enterococcus faeciumEnterococcus faecium (5.6%),(5.6%),Enterococcus faeciumEnterococcus faecium (5.6%),(5.6%),

Enterococcus hiraeEnterococcus hirae (3.7%), (3.7%), 

Enterococcus faecalisEnterococcus faecalis (3.7%) (3.7%) 

Enterococcus avium Enterococcus avium (1.8%),(1.8%),

Lactobacillus plantarumLactobacillus plantarum (9.4%)(9.4%)

Pediococcus pentosaceusPediococcus pentosaceus (5.6%). (5.6%). 



The initial lactic microflora includes:The initial lactic microflora includes:

Weissella Weissella (88.88%), of which (88.88%), of which Weissella Weissella 

Distribution of  the lactic bacteria Distribution of  the lactic bacteria 

populations during the fermentation of  populations during the fermentation of  

the cassava leavesthe cassava leaves

Weissella Weissella (88.88%), of which (88.88%), of which Weissella Weissella 
confusaconfusa (77.77%) and (77.77%) and Weissella cibariaWeissella cibaria
(11.11%) and (11.11%) and EnterococcusEnterococcus (11.11%)(11.11%)



After 24 hours of fermentation:After 24 hours of fermentation:

Weissella Weissella constitutes the dominant constitutes the dominant 

microflora (90%). It is supplanted at microflora (90%). It is supplanted at 

48 hours by 48 hours by EnterococcusEnterococcus (41.17%) (41.17%) 48 hours by 48 hours by EnterococcusEnterococcus (41.17%) (41.17%) 

and and LactobacillusLactobacillus (29.41%).(29.41%).



At the end of the fermentation (72 At the end of the fermentation (72 

hours):hours):

the lactic acid microflora includes the lactic acid microflora includes 

the differents kind of the differents kind of Weissella Weissella the differents kind of the differents kind of Weissella Weissella 
(50%), (50%), EnterococcusEnterococcus (42.85%) and (42.85%) and 

PediococcusPediococcus (7.14%). (7.14%). 



m: standard marker             m: standard marker             

1: 1: W. confusaW. confusa

2: 2: W. cibariaW. cibaria

3: 3: Lb. PlantarumLb. Plantarum

4: 4: Ec. casseliflavusEc. casseliflavus

5: 5: Ec. faeciumEc. faecium

6: 6: Ec. hiraeEc. hirae

Figure 1Figure 1: Electrophoretic ITS: Electrophoretic ITS--PCR profiles of group of the PCR profiles of group of the 

isolated lactic acid bacteria during the fermentation of the isolated lactic acid bacteria during the fermentation of the 

cassava leaves in cassava leaves in ntoba mbodintoba mbodi

6: 6: Ec. hiraeEc. hirae

7: 7: Ec. aviumEc. avium

8: 8: Ec. faecalisEc. faecalis

9: 9: Pc. PentosaceusPc. Pentosaceus



1: 1: W. confusaW. confusa 1.1 1.1 

2: 2: W. confusaW. confusa 1.21.2

3: 3: W. confusaW. confusa 1.3 1.3 

4: 4: W. confusaW. confusa 1.4 1.4 

5: 5: W. confusaW. confusa 1.7 1.7 

6: 6: W. confusaW. confusa 1.5 1.5 

Figure 2:Figure 2: Profiles of under species of the lactic Profiles of under species of the lactic 
bacteria isolates obtained by electrophoresis of the bacteria isolates obtained by electrophoresis of the 

RepRep--PCR PCR 

6: 6: W. confusaW. confusa 1.5 1.5 

7: 7: W. confusa W. confusa 1.6 1.6 

8: 8: W. cibariaW. cibaria 2.1 2.1 

9: 9: W. cibariaW. cibaria 2.2 2.2 

10: 10: Lb. plantarumLb. plantarum 3.1 3.1 



The molecular methods of identification The molecular methods of identification 

of the lactic bacteria allowed a of the lactic bacteria allowed a 

confirmation of the importance of lactic confirmation of the importance of lactic 

acid bacteria involved in alkaline acid bacteria involved in alkaline 

fermentation, a revelation of the large fermentation, a revelation of the large 

diversity of the lactic acid bacteria in diversity of the lactic acid bacteria in diversity of the lactic acid bacteria in diversity of the lactic acid bacteria in 

ntoba mbodintoba mbodi and an identification of and an identification of 

bacteria which may be utilised for the bacteria which may be utilised for the 

improvement of the production of improvement of the production of ntoba ntoba 
mbodimbodi. . 



W. confusaW. confusa is dominant lactic acid is dominant lactic acid 

bacteria in bacteria in ntoba mbodintoba mbodi..
The high frequency suggests that The high frequency suggests that W. W. 

confusaconfusamay takes an active part in the may takes an active part in the 

DISCUSSION

confusaconfusamay takes an active part in the may takes an active part in the 

fermentation process. fermentation process. 

Lactobacillus plantarumLactobacillus plantarum is in small is in small 

quantity (9.4%),quantity (9.4%), it is the case of it is the case of 

PediococcusPediococcus..



PediococcusPediococcus are interesting for the are interesting for the 

production of pediocin A which is an production of pediocin A which is an 

atypical bacteriocin, thermotolerant atypical bacteriocin, thermotolerant 

and nonproteinic.and nonproteinic.and nonproteinic.and nonproteinic.

The The EnterococcusEnterococcus are lactic bacteria are lactic bacteria 

which are important in environmental, which are important in environmental, 

food and clinical microbiology. food and clinical microbiology. 



5.66% of the lactic bacteria strains 5.66% of the lactic bacteria strains 

(3.77% for (3.77% for Enterococcus faecalisEnterococcus faecalis
and 1.8% for and 1.8% for Pediococcus Pediococcus 

pentosaceuspentosaceus) isolated and identified ) isolated and identified 

during the fermentation of  during the fermentation of  ntoba ntoba during the fermentation of  during the fermentation of  ntoba ntoba 
mbodimbodi have a pectinolytic activity. have a pectinolytic activity. 

These strains are also involved in These strains are also involved in 

the softening of the cassava leaves.the softening of the cassava leaves.



Several strains of Several strains of LactobacillusLactobacillus ((Lb. Lb. 
caseicasei,, Lb. paracasei subsp. toleransLb. paracasei subsp. tolerans,, Lb. Lb. 

curvatuscurvatus,, Lb. pentosus and Lb. Lb. pentosus and Lb. 
plantarumplantarum) isolated from the vegetable ) isolated from the vegetable plantarumplantarum) isolated from the vegetable ) isolated from the vegetable 

material present a strong tolerance to material present a strong tolerance to 

the alkaline pH, with pH maxima the alkaline pH, with pH maxima 

located between 8.5 and 8.9 located between 8.5 and 8.9 



The alkaline fermentation of cassava The alkaline fermentation of cassava 

leaves in leaves in ntoba mbodintoba mbodi involves various involves various 

genera and specie of lactic acid bacteria. genera and specie of lactic acid bacteria. 

CONCLUSION

genera and specie of lactic acid bacteria. genera and specie of lactic acid bacteria. 

The lactic bacteria have a very great The lactic bacteria have a very great 

diversity of metabolic capacities: growth diversity of metabolic capacities: growth 

at various temperatures, tolerance with at various temperatures, tolerance with 

acid or basic pH.  acid or basic pH.  



Thank you Thank you 

for your attentionfor your attention



Model of potassium extrusion at alkaline pH. Model of potassium extrusion at alkaline pH. 

Mechanisms involvedMechanisms involved ,,A TPA TP--linked K+/H+ antiportlinked K+/H+ antiport--stystem; stystem; 

passive diffusion of membranepassive diffusion of membrane--permeable weak base (Am as permeable weak base (Am as 

unprotonated amine and AmH+ as protonated amine);unprotonated amine and AmH+ as protonated amine); the nature of the nature of 

this K+ pathway is unknown; this K+ pathway is unknown; sodium ATPase which exchanges Na+ sodium ATPase which exchanges Na+ 

forfor K+.    (KAKINUMA Y. et al., 1988)K+.    (KAKINUMA Y. et al., 1988)
Exterior ATP                          Interior
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pH int = 7.7 – 8.2pH ext = 9.0 – 9.5 ADP + Pi
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H+
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pH int = 7.7 – 8.2pH ext = 9.0 – 9.5 ADP + Pi


